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(54) Nuclear power plant 

(57) Nuclear power plant incorporating 
a high temperature gas-cooled reactor 
utilizes two thermal cycle circuits 18, 
24 exchanging heat through a 
common heat exchanger 26. The 
reactor gas coolant e.g. helium is 
circulated through the primary circuit 
18 including the reactor 10, and a 
working fluid is circulated through the 
secondary circuit 24 in heat exchange 
relation with the reactor gas coolant. 
Energy is extracted from the primary 

circuit turbine 20 to drive both the 
primary circuit and secondary circuit 
compressors 22, 34. The entire 
primary circuit 18 and the secondary 
circuit compressor 34 are disposed 
within a containment 40, the 
compressor 34 being connected with 
the remainder of the secondary circuit, 
viz. power turbine 30 and precooler 
32, by means of conduits 36' of small 
cross-section and transporting a low 
pressure, low temperature working 
fluid through sealed penetrations42 
in the wall of the containment 40. 
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SPECIFICATION 
Energy extraction apparatus for a gas-cooled 
nuclear reactor 

65 

This invention relates generally to gas-cooled 
5 nuclear reactors, and more particularly to thermal 70 

power cycles for extracting useful energy from 
such reactors. 

Safety considerations relating to the use of high 
temperature gas-cooled nuclear reactors typically 

10 dictate that the power conversion system be 75 
either located within a sealed containment vessel, 
or located outside of the containment and include 
a heat exchanger within the containment to 
transfer heat energy from the reactor to the 

15 secondary power conversion system. This is go 
particularly true wi th respect to mobile reactor 
usage such as in seagoing vessels and 
contemplated land and airtransport systems. 

Disposition of the power conversion system, 
2 0 typically including a turbine and compressor, 85 

within the containment undesirably increases the 
containment size, weight and cost over that 
required for the reactor primary system alone. The 
power output must then be transferred through 

25 the containment such as by a mechanical shaft 90 
and a sealed containment penetration or by 
location of an electrical generator within the 
containment and the passage of electrical leads 
through the sealed containment. Containment 

30 penetrations through which large quantities of 95 
energy are transferred are difficult to design and 
accordingly costly. 

In systems where a heat exchanger is the 
physical barrier between the primary reactor gas 

35 coolant and the secondary working fluid, for an 1QO 
efficient conversion the heat exchanger must 
operate at temperatures close to the reactor outlet 
temperature. Such high temperatures at the heat 
exchanger induce material, design and fabrication 

4 0 concerns such that in many applications either of 105 
the typical arrangements are undesirable. For 
example, in power plants for mobile application it 
is often necessary to transmit the reactor energy 
to thermal engines which are remotely located 

45 with respect to the reactor and which therefore 110 
tend toward the utilization of the heat exchanger 
arrangement. This arrangement is then 
complicated by the associated thermal concerns. 

It is a principal object of the invention to 
50 provide an arrangement which utilizes the high 115 

temperature capabilities of gas-cooled reactors 
while reducing the problems of the prior art. 

An aspect of the invention resides broadly in 
apparatus for extracting energy from a circulating 

55 gas coolant in a nuclear reactor comprising: a 120 
primary circuit having a primary turbine, a primary 
heat exchanger and a primary compressor for 
circulating said gas coolant through the reactor 
and said primary circuit; a secondary circuit 

60 including a secondary compressor for circulating a 125 
working fluid, said primary turbine being 
connected to drive said primary and secondary 
compressors; said secondary circuit further 
including a secondary turbine, a secondary 

precooler connected to said primary heat 
exchange, said secondary circuit connected to 
circulate said working fluid through said primary 
heat exchanger. 

The invention wil l become more readily 
apparent from the following exemplary description 
in connection with the accompanying drawings, 
wherein: 

Figure 1 is a schematic representation of a high 
temperature gas-cooled nuclear reactor system 
arrangement in accordance with this invention; 

Figure 2 is a temperature (°F)-entropy 
(B+iVlb°F) plot of the system of Figure 1; 

Figure 3 is a schematic representation of 
another high temperature gas-cooled nuclear 
reactor system arrangement in accordance with 
this invention; and 

Figure 4 is a temperature-entropy plot of the 
system of Figure 3. 

Referring now to Figure 1 there is shown one 
arrangement for utilization of a high temperature 
gas-cooled nuclear reactor 10 in accordance with 
the invention. Nuclear reactors referred to as "high 
temperature" typically provide coolant at 
temperatures in excess of 1400°F. The reactor 
can be of many designs, well known in the art, and 
includes a nuclear core 12 which generates and 
transfers energy to a gas coolant circulated 
through the core 12 and a vessel 14 housing the 
core. Many gases are suitable for use wi th high 
temperature gas reactor technology and 
preferably inert gases, such as helium, are utilized. 
Shown surrounding the reactor vessel 14 is a 
radiation shield 16 which serves as a neutron and 
gamma barrier. 

The primary reactor circuit 18 includes an 
expansion means such as a primary turbine 20, a 
compressing means such as a primary compressor 
22, means for exchanging heating energy wi th a 
secondary circuit 24 such as a heat exchanger 26, 
and primary conduits 28 connecting the 
components in the manner shown to form what is 
commonly referred to as a Brayton cycle. Also 
shown in Figure 1, and plotted in Figure 2, are 
pressure and temperature state values for an 
arrangement in accordance with the invention. 

In the secondary circuit 24 a working fluid, 
which may be the same as or different from the 
coolant gas, is circulated through the heat 
exchange means, heat exchanger 26, to receive 
heat energy transferred from the primary system 
coolant. The secondary circuit 24, which also 
forms a Brayton cycle, includes expansion means 
such as a power turbine 30, means for cooling the 
working fluid such as a secondary precooler 32, 
compressing means such as a secondary 
compressor 34, and secondary conduits 36 
connecting the components as shown. 

As shown from Figures 1 and 2, in the 
exemplary system helium exits the reactor at 
approximately 1800°F and 1489 psia. In a typical 
prior art design utilizing a heat exchanger to 
transfer energy to a power conversion system, 
helium at these high temperature, high pressure 
conditions enters the heat exchanger common to 
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both circuits. In the disclosed arrangment, 
however, the coolant gas is initially passed 
through the turbine 2 0 f rom which work is 
extracted not only to drive the primary system 

5 compressor, but also to drive the secondary 
Brayton system compressor. Accordingly, the 
coolant exits the turbine 2 0 at less energetic 
conditions, 1072°F and 496 psia in the exemplary 
arrangement. This temperature and pressure state 

10 substantially reduces the design concerns 
associated wi th the heat exchanger 26 whi le 
providing a good overall system efficiency which, 
in the exemplary system is approximately 0.36. 

The extraction of work f rom the primary turbine 
15 2 0 can be performed in several manners, including 

conversion to electricity to drive a motor which 
drives the compressor, although a direct in-line 
mechanical connection between the turbine and 
compressor shafts is preferred. Driving the 

20 secondary compressor 3 4 by the primary turbine 
20 increases the proportion of the primary system 
18 pressure drop taken by the turbine 20, and 
therefore desirably decreases the peak coolant 
temperatures entering the heat exchanger 26. The 

25 primary coolant gas exiting the heat exchanger 2 6 
is recompressed in compressor 22 by an amount 
approximately equal to the primary system 18 
pressure losses including the turbine 2 0 pressure 
drop, and is then directed back to the reactor core 

30 12. 
Wi th the arrangement disclosed, the power 

turbine 30 can be located remotely at the load or 
wherever desired for the specific application. It 
can be used as a mechanical drive in a mobile 

35 application or, more commonly coupled to a 
generator 38 for generation of electricity. 

As apparent f rom Figure 1, the disclosed 
arrangement further provides for enclosure 
of selected components within a containment 

4 0 structure 4 0 of reasonable size, while requiring 
only conduits 36 ' transporting a relatively low 
pressure, low temperature working f luid to 
penetrate the containment 40 . Accordingly, the 
conduits 36 ' can be of smaller cross section and 

45 sealed containment penetrations 42 can be more 
simply and reliably incorporated. 

Figure 3 and corresponding Figure 4 show one 
of many modifications that can be made to the 
disclosed arrangements discussed above as 

50 desired for a given application. Here a primary 
precooler 4 4 has been added to the primary circuit 
such that the coolant gas f lows from the heat 
exchanger 26 to the precooler 4 4 prior to entry 
into the primary compressor 22 . This arrangement 

55 reduces the amount of energy required by the 
primary compressor 22, and utilizes more of the 
primary turbine 2 0 power to compress the 
secondary working fluid. The approach 
temperature differential between the t w o fluids 

60 entering the heat exchanger 26 is also 
substantially reduced. The net result is an increase 

in the overall plant efficiency, but requires, in 
addition to the primary precooler 4 4 disposed 
within the containment 40, additional 

65 penetrations 4 6 through the containment wall. 
The overall efficiency of this system is 
approximately 0.39. 

It wi l l be apparent to those skilled in the art of 
high temperature gas-cooled nuclear power plant 

70 design that the advantages resulting f rom the 
disclosed arrangements are substantial. Reducing 
the severe thermal conditions typically imposed 
upon the heat exchange means between the two 
circuits alleviates many material, design and cost 

75 concerns. Similarly, inclusion of the secondary 
circuit compressor within the containment 
structure while locating the other secondary 
components externally allows for a smaller 
containment wi th less stringent penetration 

80 design requirements.-And, utilization of two 
Brayton-type thermal cycles in heat exchange 
relationship provides a most efficient means for 
utilizing the capabilities of a high temperature gas-
cooled reactor. 

85 It wi l l be further apparent that many 
modifications and additions are possible in view of 
the above teachings. It therefore is to be 
understood that wi th in the scope of the appended 
claims the invention can be practiced other than 

90 as specifically described. 

CLAIMS 
1. Apparatus for extracting energy f rom a 

circulating gas coolant in a nuclear reactor 
comprising: a primary circuit having a primary 

95 turbine, a primary heat exchanger and a primary 
compressor for circulating said gas coolant 
through the reactor and said primary circuit; a 
secondary circuit including a secondary 
compressor for circulating a working fluid, said 

I oo primary turbine being connected to drive said 
primary and secondary compressors; said 
secondary circuit further including a secondary 
turbine, said secondary circuit connected to 
circulate said working fluid through said primary 

105 heat exchanger. 
2. Apparatus according to claim 1 including a 

sealed containment structure and wherein said 
reactor, said primary circuit and said secondary 
compressor are disposed within said secondary 

I I o turbine and, a precooler means are externally of 
said containment structure. 

3. Apparatus according to claim 1 including an 
auxiliary cooler for cooling said gas subsequent to 
coolant being discharged from said primary heat 

115 exchanger. 
4. Apparatus for extracting energy f rom a 

circulating gas coolant in a nuclear reactor 
substantially as herein before described w i th 
reference to and as illustrated in the 

120 accompanying drawings. 
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