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[57] ABSTRACT 
Disclosed is a nuclear power plant comprising a pres-
sure-tight safety vessel surrounding the entire plant, an 
inner vessel of reinforced concrete, a high-temperature 
reactor contained in the inner vessel, a gas turbine 
assembly having a turbine and a high- and low-pressure 
compressor located in a horizontally oriented chamber 
below the reactor, a plurality of heat exchange units 
positioned in a plurality of vertically oriented pods 
spaced radially symmetrically about the reactor and 
suitable conduits for carrying the reactive gas between 
the system components. The conduits are arranged in 
generally horizontally and vertically oriented straight 
lines, and the conduits for carrying low-pressure gas 
comprise a horizontal system positioned beneath the 
turbine assembly having a plurality of coaxial connect-
ing tubes, collectors and distributors as well as normal 
conduits, so that high pressure gas flows in the internal 
passage and low-pressure gas flows in the outer pas-
sage. 

22 Claims, 7 Drawing Figures 
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3,998,057 1 2 
German Offenlegungsschrift No. 2,062,934 likewise 

NUCLEAR POWERPLANT WITH CLOSED discloses a gas-cooled nuclear reactor of integrated 
GAS-COOLING CIRCUIT construction in which the gas turbine is located inside 

BACKGROUND OF THE INVENTION « the hollow waH of the pressure chamber enclosing the 
5 reactor core. Through a by-pass mechanism a part of 

The invention covers a nuclear power plant with a the cooling gas carried past the core of the reactor can 
closed system of circulating cooling gas. The equip- be diverted and directly combined with the hot exhaust 
ment consists of a high-temperature reactor, a gas tur- gas emitted from the core. 
bine assembly and heat exchangers. The latter are Another nuclear power plant of the type originally 
made up of recuperators, pre- and intermediate coolers io defined is described in German Offenlegungsschrift 
as well as pipes carrying the gas between the several No. 1,764,249. Here the nuclear reactor together and 
components. The entire assembly is encased in a hous- a u circulatory components are located in closely 
ing made of pre-stressed concrete (single-unit con- spaced, parallel, vertical shafts inside the concrete 
struction). pressure vessel, with all components being fully acces-

Plants of the type described offer obvious advantages , 5 sible from the outside. Passages for the cooling media 
over nuclear power installations of a different, existing a r e provided within the wall of the pressure vessel as 
type in which the energy is transferred to a secondary w e l I a s between the several vertical shafts. In this de-
circuit, because they combine the advantages of gas s i g n t h e c o o l i n g m e dia has to flow over an extensive 
turbines with the high efficiency and simplicity in oper- a r e a r e s u l t i n g i n the need for a relatively bulky pres-
ation which is typical of single-circuit construction. By 2 0 s u r e v e s s e l i n t h i s t y p e p i a nt . 
integrating the reactor, the turbines, the required cool-
ers, and all other circuit components in a single pres- SUMMARY OF THE INVENTION 
sure tight vessel, separate connecting elements con- T h e p r e s e n t i n v e n t i o n r o c e e d s f r o m the foregoing 
necting the components that contain 'live fuel are s t a t e J t h e a r t a n d h a s

F
a s a n o b j e c t t o c o r r e c t t h e 

renderedunnecessary, afact which offers distinct ad- 2 5 s h o r t c o m i n g s i n h e r e n t i n t h e k nown nuclear power 
vantages in the construction and operation of high-tem- p , a n t s t h r o u

6
 h a p a r t i c u i a r arrangement of all compo-

perature reactors. The mtegrated design is therefore ^ e n t s I t i s a particular object of the invention to pro-
preferred for a large number of specialized nuclear v i d e a c o m p a £ t n u c i e a r P o W e r plant, while at the same 
power p s; . , ... . . , t i m e rendering all components easily accessible. 

For example, German Auslegeschnft No. 1,156,903 In accomnlishinp these and other obiects there has describes a compact power plant of the above-men- 3 0 , l n a c c o m , p l ' s n m g m e s ® and other objects, there has 
tioned type intended for vehicles. In this design the t

b e e n P r o v , l d e d , n a c c o . r d a " c e W l t h t h e P r e s e n t , n v e , > 

turbine and the compressor are located on opposite b ° n a ""clear power plant composing an inner, gener-
faces of the reactor core, a hollow shaft posing ally cyhndncal vessel; a high-temperature reactor con-
through the core, with intermediate coolers being lo- „ ^ned^withip the inner vessel; a gas turbine assembly 
cated in the annular space between the reactor and the 3 5 ! o c a t e d . l n a horizontally oriented chamber positioned 
wall of the pressure chamber. | n t h e i n " e r v e s s e ! b e n e a t h the reactor; a plurality of 

In this compact design it is assumed that the turbine h e f g a n g e r means positioned in a plurality of verti-
used will not require any maintenance, and therefore ^ o r

u
i e n t e d pods spaced radially, preferably m a 

no provision has been made for the removal of the c i r c l e a . b o u t the reactor in the inner vessel; and conduit 
turbine or any other components of the circuit. 4 0 means interconnecting the reactor, the turbine assem-

A similar construction is shown in a nuclear reactor ™y a n d th® h e a t exchanger means for carrying a gas 
disclosed in German Offenlegungschrift No. 2,005,208 between these components. The conduit means are 
where a pressure jacket, open at its frontal surfaces, is arranged m essentially horizontal and vertical straight 
located inside the pressure chamber and is spaced rela- , lnes> a n d t h e conduit means connecting the reactor 
tive to the inside wall of the pressure vessel so as to 4 5 and the turbine for carrying high pressure gas are pro-
accommodate the heat exchangers. vided with horizontal connections to the reactor and 

Also, the German Offenlegungsschrift No. 2,028,736 the turbine. The conduit means for carrying low pres-
a nuclear power plant is described having a system of s u r e S a s comprises a horizontal conduit system posi-
closed circulation of gas. This power plant is built on tioned beneath the turbine assembly and is comprised 
the principle of dual chambers. The gas turbine to- 50 of a plurality of coaxial connecting tubes, collectors 
gether with the components belonging to the gas circu- and distributors and a plurality of normal conduits, 
lation system are contained in a block of prestressed The remainder of the heat exchange means comprise 
concrete separate from the concrete pressure vessel, intermediate coolers, preferably arranged in vertically 
with the object of simplifying the fueling- and control- stacked pairs in each pod, and coaxial conduits are 
ling processes. 55 provided for transporting gas from the low-pressure 

A similar construction is used in the high-pressure compressor to the intermediate coolers, through the 
concrete vessel described in German Auslegeschrift outer passage of the conduit, and back from the coolers 
No. 1,614,610, consisting of two separate pressure- . to the high-pressure compressor through the inner pas-
tight chambers, one containing the reactor, the other sage of the conduit. A plurality of secondary heat ab-
the secondary equipment. The working medium is car- 60 sorption devices are preferably also located in addi-
ried by pipes protruding through the pressure-tight tional vertical pods arranged around the reactor, 
walls, first from the reactor to the turbine and from the The structural features of the present invention may 
compressor then back into an annular-shaped space thus be summarized as follows: The gas-turbine system 
below the reactor core. This so-called "igloo-method" is installed in a horizontal pod located underneath the 
however offers technical difficulties in construction, 65 reactor which is located centrally inside a vessel; sev-
and the nuclear power plant, because of the principles eral vertical pods, placed symmetrically around the 
applied in the arrangement of components, is highly reactor, contain the recuperators and the pre-coolers; 
uneconomical. the pre-coolers serving the recuperators are placed 
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above or below the recuperators; the tubes carrying the 
gas between components run in a straight path, either 
vertically or horizontally, with vertical tubes being in 
pods; the high-pressure circuit runs through several 
vertical pods equipped with horizontally placed con-
nections; a horizontally positioned system of tubes 
carrying low-pressure gases is placed underneath the 
turbine compartment. 

The principles realized in the nuclear power plant 
according to the invention may be briefly summarized 
as follows: 

a largely symmetrical structure of the vessel made of 
pre-stressed concrete; 

development of pods as vertical gas lines; 
gas lines connecting the various components in the 

primary circuit are direct and in straight lines; 
gas lines are arranged coaxially and maintain in nor-

mal operation only minor differences in pressure be-
tween the gas streams flowing coaxially; 

streams of hot gases flow coaxially inside an isolated 
system of tubes that are freely distributed inside the 
pre-stressed concrete vessel and shielded by high-pres-
sure jackets which are surrounded by a circuit of cold 
gas; 

easy accessibility from the outside of secondary 
equipment built into the structure, such as gas lines, 
heat exchangers, values, heat insulators, etc. for the 
purpose of inspection, maintenance, repair, and re-
moval after shutting off certain sections of the plant. 
All pods, gas lines and components of the primary 
circuit are geometrically accessible upon the removal 
of the lid of the concrete container, allowing for inspec-
tion, maintenance and repair by remote control. The 
convenient accessibility is the result of the coaxial ar-
rangement of gas lines in relatively large concrete 
channels, the direct gas leads being arranged in straight 
lines, and the use of pods serving as vertical gas ducts. 
By locating two separate gas circuits in one single con-
crete unit, compactness of the primary circuit is 
achieved, and the dimensions of the concrete container 
can be held down to a relatively small size. 

The arrangement of the various components is such 
that it can be retained at any desired level of varying 
output without difficulty, a fact which is of great impor-
tance in the development of new types of nuclear reac-
tors. 

The turbine assembly is built in a horizontal chamber 
placed at a distance from the nuclear reactor which 
offers adequate shielding to the turbine assembly 
against neutron radiation. For the installation and re-
moval of the turbine assembly a sliding device has been 
provided. 

The turbine assembly is constructed with a single 
shaft, offering distinct advantages over a multiple-shaft 
design: its operation and normal functioning are easy to 
supervise and of proven reliability; it requires only a 
single seal where the shaft penetrates through the con-
crete jacket; and its cost is lower. The turbine is rigidly 
coupled to the generator. 

The hot gas coming from the reactor is first taken up 
by four radially located connecting pipes and then 
carried over vertical ducts containing hot gas, designed 
as pods. Then, it is carried by four horizontal connect-
ing tubes to the symmetrically designed intake tubes of 
the turbine. The four radial connecting pipes together 
with their graphite packings extend all the way to the 
vertical gas pipes formed as pods. 

,057 
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The exhaust gas from the turbine (approx. 500° C.) 
first flows downward in a vertical pipe where it enters 
into the horizontal system of tubes carrying low-pres-
sure gas. By distributors and coaxial cross-connections 

5 or feeder lines the gas is distributed to the pods which 
contain the recuperators and pre-coolers. Upon enter-
ing the recuperators it flows through them along the 
jacket side. The gas subsequently passes through the 
pre-coolers and is finally returned to the horizontal 

10 pipe system. In the return flow, the gas is directed 
through the outer passages if the coaxial ducts, while 
on its way to the recuperators it is directed through the 
interior passages of the coaxial feeder line system. The 
coaxial network of cross-connections or feeder lines is 

15 designed in such a manner that the exhaust gases leav-
ing the turbine at about 500° C. are encircled on all 
sides by cold gas, whereby thermal stresses in the gas 
lines are minimized. 

The cold gas (30° C.) from the horizontal pipe system 
20 enters a vertical cylindrical duct through several simple 

horizontal ducts and is then brought into the low-pres-
sure compartment of the compressor. Here it is com-
pressed to 3$ bar. 

In an advantageous embodiment of the invention six 
25 recuperators are provided, which are connected in 

pairs via a coaxial feeder line to a collector and a dis-
tributor. Accompanying pre-coolers are located re-
spectively vertically underneath the recuperators. 

The compressed gas is carried back to the recupera-
30 tors by six pipes. A major portion of four of these six 

pipes runs coaxially to the vertical gas pipes leading 
from the reactor to the turbine. Thereby the relatively 
cold high-pressure gas (125° C.) encircles the four 
hot-gas pipes between the reactor and the turbine. 

35 In order to increase the efficiency of the nuclear 
power plant, an intermediate cooling system is pro-
vided in the primary circuit, also located in the vertical 
shafts or pods. These pods are arranged in the same 
circle about the reactor as the pods holding the recu-

40 perators and pre-coolers and are symmetrically placed 
with respect thereto. The intermediate coolers are con-
nected in two groups, each containing a pair of inter-
mediate coolers, installed on top of each other in a 
single pod. 

45 Two coaxial pipes lead from the low-pressure com-
partment of the compressor to the two pods holding the 
pair of intermediate coolers. The gas flows in the outer 
pipes toward the pods where it is divided into two par-
tial streams, one flowing upward, the other downward. 

50 After passing through the intermediate coolers the gas 
is carried back to the high-pressure compartment of the 
compressor through the interior tube of the coaxial 
system. 

The hollow pods in the concrete housing, designed to 
55 house the components, such as the reactor, the hori-

zontal turbine compartment, vertical pods for heat 
exchangers, gas ducts and regulators, are preferably 
lined with gas-tight steel liners. Excess pressures are 
taken up by the concrete jacket and to reduce the 

60 build-up of excessively high temperatures in the con-
crete, the liners are watercooled and further protected 
by insulation. 

As mentioned before, the intermediate coolers serve 
to increase the efficiency of the plant. It is, however, 

65 conceivable to design nuclear power plants in which 
intermediate coolers are omitted, whereby a reduction 
in efficiency may be accepted in exchange for various 
other advantages. The most important of these advan-
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tages may be summarized briefly as follows: smaller FIG. 7 is an enlarged diagrammatic fragmentary hori-
dimensions of the pre-stressed concrete vessel; elimina- zontal sectional view, similar to FIG. 4, showing the 
tion of expensive components (besides the intermedi- arrangement of the co-axial gas conduits. 
ate cooling units also steel liners, gas ducts, and other DFTATI FH INSCRIPTION OF PRFFFRRFD 
devices connected with the construction of the installa- 5 D t 1 A ] L E D PKfc.Ffc,KKfcD 
tion); a reduction in the size of the cooling system; and EMBODIMENTS 
a reduction of pressure-losses connected with circulat- FIGS. 1 and 2 show a pressure-tight safety tank 1 of 
ing systems. In a power plant of this type the stream of cylindrical shape made of reinforced concrete, closed 
gas leaving the compressor is conveyed directly into the at the top by a domed cap 2. Centrally inside the safety 
recuperators. 10 tank a likewise cylindrical structure of pre-stressed 

It is of advantage to additionally provide a final stage concrete 3 is placed which encloses a high-temperature 
for the elimination of heat inside the stressed-concrete reactor 4 together with the set of components that 
casing, conventionally consisting of a blower, equipped makes up the primary circuit described in detail below 
either with or without a recuperator, and a cooler. Such (the turbine assembly, heat exchangers, gas lines). Also 
a cooling system operates independently of the main 15 placed inside the safety tank 1 are all auxiliary compo-
circulation system for the described single-shafted gas nents that carry the active gas, and all other equipment 
turbine assembly; it provides for the disposal of the needed for the operation of the primary components, 
reactor's heat in the event of a turbine failure, in times Of these the drawings show only the revolving crane 5 
of shut-downs, and in the event of break-downs. The serving as the main lifting device, located in a plane 
secondary heat disposal system (4 X 50%) is located in 20 some distance below the lower edge of the domed cap 
four vertical shafts or pods distributed symmetrically 2. The work area of this crane is large enough to allow 
around the reactor. It is designed to afford a possible for the movement of all components installed in safety 
by-pass of the main circuit in the event of a break- tank 1. 
down, without requiring additional safety valves for a The high-temperature reactor 4 is built into a cavity 
shut off. 25 or vessel 6. It is a helium-cooled ball-pile reactor with 

All valves needed for shutting down the nuclear reac- graphite moderation, shown in the drawing as consist-
tor are advantageously located inside the concrete ing of core 7, located at the bottom of the core, a con-
housing, also placed in vertical pods or shafts, further necting ball-release tube 8 and a suspended ceiling 
adding to the safety and compactness of the plant, with reflector 9. Underneath the floor of the reactor core is 
these valves being readily accessible from the outside. 30 the collector chamber 10 which receives the hot gas 

All components carrying active gas are advanta- released by the ball pile. The reactor 4 is connected 
geously integrated inside a safety housing and are ac- with the primary circuit by six intake- and four vents 
cessible while the plant is in operation. The housing has (as described below.). 
openings required for the installation and removal of Perpendicularly under the high-temperature reactor 
components in need of maintenance or repair. The 35 4 and at a distance adequate to assure shielding, a 
housing, made of pre-stressed concrete, is located in horizontal chamber 11 is built inside the pre-stressed 
the central area of the safety tank. On the top of this concrete housing 3. In the chamber have been placed a 
tank is placed a revolving crane used for moving major single-phase gas turbine 12 together with high and 
components in or out of the tank. low-pressure compressors 13, 14, installed coaxially 

In the case of a power plant having an output of 40 with the gas turbine 12 on a common axle 15. The 
1,000 MW, the safety tank is equipped with a cylindri- turbine and the compressors are inserted in the assem-
cal compartment, which can be sealed off, gas- and bly as one unit on a rail leading into the horizontal 
pressure-tight, by a simple lid, for holding the generator chamber 11, by the so-called "insertable construction" 
which is rigidly coupled with the gas turbine assembly. method. A removable generator 16, located in a cylin-
The generator, together with its mounting, can be slid 45 drical recess 17, is rigidly coupled to the gas turbine 12. 
into the compartment, and if necessary, removed again. This cylindrical recess 17 is closed gas- and pressure-

Further objects, features and advantages of the in- tight by lid 63. 
vention will become apparent from the following de- Four radial connecting pipes 18 carry the gas from 
tailed description of a preferred embodiment when hot-gas collectors 10 to the vertical hot-gas lines 19, 
considered with the attached figures of drawing. 50 which, in turn, are connected by horizontal tubes 20 to 

, „ „ , the four symmetrical intake-valves 21 of turbine 12. 
BRIEF DESCRIPTION OF THE DRAWINGS ^ four r ^ d i a l c o n n e c t o r s 18 by which helium, heated 

In the drawings: to 850° C., is carried to turbine 12, extend together 
FIG. 1 is a fragmentary vertical sectional view of a with graphite packings 22 of the reactor, to the vertical 

nuclear power plant according to the invention taken 55 hot-gas pipes 19. This placement facilitates the installa-
substantially along the line I — I in FIG. 2; tion and removal of the hot-gas pipes 19 which each are 

FIG. 2 is an enlarged fragmentary horizontal section composed of four pieces, 
taken substantially along the line II — II in FIG. 3; In a circle around reactor vessel 6, eight perpendicu-

FIG. 3 is a fragmentary vertical sectional view taken lar shafts or pods 23, 24 . . . 30 are provided, spaced 
substantially on the staggered line III — III in FIG. 4; 60 symmetrically to each other and at a suitable distance 
and from the wall of the concrete housing 3, extending 

FIG. 4 is an enlarged fragmentary sectional view nearly the total height of the structure. These large 
taken substantially along the line IV — IV in FIG. 3. pods are, closed off by explosion-proof lids. These lids 

FIG. 5 is an enlarged diagrammatic fragmentary ver- are shown in FIG. 3 both at the top and at the base of 
tical sectional view, showing the gas turbine wheel and 65 concrete housing 3. In six of these pods, namely in pods 
compressors; 23,24 . . . 28, a recuperator 31 is placed, on a level with 

FIG. 6 is an enlarged diagrammatic vertical sectional reactor 4, and a pre-cooler 32 is connected to each 
view, illustrating the recuperator and pre-cooler; and recuperator vertically beneath it. The remaining pods 



29, 30 are used for holding the four intermediate cool-
ers 33 installed therein one above the other in pairs. 
The six recuperators are designed as counter-flow ele-
ments with the tube bundles in a triangular arrange-
ment that facilitates the replacement of individual de- 5 
fective cells. The pre-coolers 32 as well as the interme-
diate coolers 33 are arranged in a helical construction, 
thus permitting pressure tests to be taken on individual 
tubes or areas from outside of housing 3, also permit-
ting these areas to be inactivated and by-passed. By the 10 
use of such well-known and proven elements of design, 
a high degree of reliability is attained in connection 
with the heat exchangers. 

The system for collecting and distributing low-pres-
sure gases discharged by the turbine is located under- 15 
neath turbine chamber 11. The exhaust gas, heated to 
500° C. first flows in a vertical duct 34 downward into 
distributor 35, then through two coaxial feeder ducts 
36 and into distributors 37. Connected to each distribu-
tor are two coaxial feeder tubes 38 which serve to 20 
distribute the gas over the six pods 23, 24 . . . 28. The 
gas now flows through the interior pipe of the coaxial 
feeder ducts 36, 38. Inside the pods, the gas moves 
through the interior ducts 39 (FIG. 3) which are lead-
ing through the pre-coolers 32; it then enters the recu- 25 
perators 31 through which it flows on the side of the 
jacket. The gas is thereby cooled to approximately 160° 
C. Upon being reversed by 180° in a collection cham-
ber 40 located on top of recuperator 31, the gas is 
carried through an annular shaped aperture 41 be- 30 
tween the recuperator and the wall of the pod, and 
reaches pre-coolers 32 through which it flows on the 
side of the jacket. The gas, now cooled down to approx-
imately 30° C. then enters the exterior passages of the 
coaxial ducts 38 and is then collected in collectors 42, 35 
43, which are located coaxially with respect to distribu-
tors 35, 37, or in other words, with the exterior ducts 
now acting as collectors and the interior ducts as dis-
tributors for the gas. 

The entire system of tubes underneath turbine cham- 40 
ber 11 is designed in such a manner that the turbine 
exhaust duct at about 500° C. is surrounded on all sides 
by cold gas, thereby preventing the build-up of temper-
ature stresses in the concrete hull. The coaxial gas 
ducts as well as all other cavities in the concrete struc- 45 
ture are moreover covered with gas-tight steel liners 
which are protected by heat insulation and cooled by 
water. The liners also are subjected to merely moderate 
temperature stresses, since streams of hot gas are al-
ways surrounded by streams of cooler gas. The pressure 50 
differential between gas streams flowing coaxially, in 
normal operation, and depending upon the load, 
amount to 0.7 - 4 bar. Tubing which is freely distrib-
uted inside the liners is therefore exposed to relatively 
low pressures, while the pressures of the exterior gas 55 
streams are absorbed by the cement liner. 

From collectors 42, 43 the cooled gas passes through 
two simple (not coaxial) horizontal passages 44 and 
into a vertical cylindrical duct 45, from which it pro-
ceeds to low-pressure compressor 14 where it is com- 60 
pressed to 36 bar. From low-pressure compressor 14 
two coaxial ducts 46 lead to pods 29, 30 in which the 
four intermediate coolers 33 are installed. The helium 
flows to the two pods in the exterior tubes at approxi-
mately 125° C. and is divided into two streams, one 65 
directed upward, the other downward. Both parts of 
the split stream then flow through an annular shaped 
aperture 47 located between the pod and the interme-

diate coolers 33, then through the intermediate coolers 
on the jacket side and then enter in region 48 into the 
inner duct of the coaxial tube 46 which is located be-
tween the stacked intermediate coolers. The gas, now 
cooled to about 30° C. reaches high-pressure compres-
sor 13. 

From high-pressure compressor 13 the gas, now com-
pressed to 64 bar, enters into the hollow space 49 sur-
rounding the turbine housing and the intake valves 21. 
The pressurized gas then flows through two simple 
vertical ducts 50 and four manifold gas pipes 51 which 
run partially coaxially to the hot-gas ducts 19, and then 
into the distributor heads 52 of recuperators 31. The 
four high-pressure tubes 19 connecting the reactor 4 
with the turbine 12 are likewise surrounded by rela-
tively cold pressurized gas (125° C.) so that neither the 
liners nor the concrete are affected by high tempera-
ture. 

The helium gas flows from the distributor heads 52 
through the bundled tubes of the recuperators 31 and is 
heated to about 450° C. by the exhaust gas from the 
turbine flowing in opposite direction. It is then brought 
back to the pollector heads 53 of the recuperators 31 
located on top of distributor head 52. By way of six 
tubes 54 which partially pass through high-pressurized 
cold-gas ducts 50, 51 the pre-heated gas is finally re-
turned to a collecting space 55 on the reactor 4. Before 
returning to the reactor core, the helium flows along 
the space between the thermal shield and the reactor 
wall, thereby cooling these areas (not shown). The gas 
is then deflected by ceiling reflector 9, it enters into the 
space 56 on top of the ball pile, and is returned to the 
ball pile. 

In four vertical shafts or pods 57 symmetrically dis-
tributed around the reactor pod 6 on the same circle as 
pods 23, 24 . . . 30 and at the same height as the recu-
perators 31, an auxilliary or back-up cooling system 58 
of a known design is installed with a capacity of 4 X 
50% and consisting of blowers, recuperators and cool-
ers. Since this auxilliary system is not a part of the 
present invention, these components are not shown in 
detail. The system 58 receives hot gas through duct 59, 
cools it in the recuperator to about 450° C. and subse-
quently in the cooler, to about 50° C. It increases the 
pressure by means of the blower, and the temperature 
rises to about 70° C. The condensed gas flows back into 
the recuperator through a centrally located pipe, it is 
re-heated to 400° C. and is carried back onto the reac-
tor 4 through duct 60 on the side of the cold gas. 

In order to be able to separate the reactor 4 from the 
primary circuit, shut-off valves 61 are installed in the 
input ducts 54 and the hot-gas ducts 19. For the pur-
pose of repaid and maintenance operations these shut-
off valves 61 are accessible through vertical shafts 62, 
while other valves are located in the shafts or pods for 
cold-gas lines 50, 51 and are accessible from the top. 

In the following paragraph the main or turbine circuit 
is once more summarized in brief. 

The work process of the primary circuit takes place 
within the range between a maximal pressure of 64.3 
bar and a minimum pressure of 19.9 bar; the tempera-
ture ranges between an upper limit of 850° C. and the 
lower limit of 30° C. The gas, heated to 850° C. under 
60 bar pressure, flows by way of tubes 19 from the 
hot-gas accumulator 10 directly into the four intake 
valves 21 of turbine 12. 

In turbine 12 the working gas is expanded to 20.7 bar 
and it temperature reduced to about 500° C. It enters 



3,998,693 
11 1918 

into the recuperators 31 by way of coaxial tubes 38 and ally surrounding the vertical section of each of said 
the central pipes 39, flowing through the recuperator hot gas conduit means, whereby each of said con-
31 on the side of the jacket. On contact with the cold duits carrying gas at an elevated temperature is 
gas that flows along the high-pressure side of the recu- surrounded by cooler gas flowing in a coaxially 
perators 31 the gas is further cooled to about 160° C. 5 arranged conduit. 
prior to entering pre-coolers 32. Here it is chilled to the 2. The nuclear power plant as defined by claim 1, 
lowest temperature in the process range of 30° C. and wherein said first heat exchanger means comprise a 
collected in collectors 42, 43 prior to entering low- recuperator coupled with a pre-cooler, said recupera-
pressure compressor 14 by way of gas pipes 44 and tor being positioned vertically with respect to said pre-
duct 45. 10 cooler in said vertical pod. 

In the low-pressure Compressor 14 the working gas is 3. The nuclear power plant as defined by claim 2, 
raised in ambient pressure to 64.3 bar and its tempera- wherein there are six of said first heat exchanger means 
ture raised to 125.6° C., and it is transported by way of a n d wherein said pre-cooler is in each instance posi-
coaxial tubes 46 into intermediate coolers 33. There tioned beneath said recuperator, 
the gas is recooled to 30° C. after which it flows 15 4. The nuclear power plant as defined by claim 2, 
through the interior tube of coaxial tubing 46 and en- wherein said vertically oriented pods are spaced sym-
ters the high-pressure compressor 13 under a pressure metrically in a circle about said reactor, 
of 35.8 bar. There the pressure is raised to the maxi- 5 - T h e nuclear power plant as defined by claim 1, 
mum of 64.3 bar and the gas is returned to the distribu- wherein said vertically extending cool gas conduit 
tor head 52 by way of cold-gas lines 50, 51, and subse- 20 means are arranged as pods spaced about said reactor, 
quently distributed over the tube bundles of recupera- ,6- T h e n u , c I e a r P ° w e r plant as defined by claim 4, 
tors 31 at a temperature of 125.6°C. The high-pressure wherein said gas turbine assembly comprises a gas tur-
gas is then heated to 455.2° C. by the heat supplied by b m e - a high-pressure compressor and a low-pressure 
the low-pressure surface of the recuperators and subse- compressor said turbine assembly being removable as 
quently brought directly through tubes 54 to the cold- 25 a «m i !f u . , , „ , , . . , 
gas collection space 55 of the high temperature reactor 7" V * ™ ? l e a T P ™ e r , p l a n t Z . d e f i n e d

1
 C , a ™ 6 ' J o r wherein said means for transporting cooled gas from 

What is claimed is- said collection point to said reactor comprises, inter-
. . , , . _ . . connected in series between said collection point and 1. A nuclear power plant, comprising: - . . . . , / , r ii r j • i i said reactor, said low-pressure compressor, at least one a. an inner genera ly cylindrical pressure vessel; 30 Q f s a j d s e c o n d h e a t exchanger means, said high-pres-
b. a high-temperature reactor contained within a s u r e r e a n d a a

B
n d c o n n e ' c t i o n to each of 

generally centrally oriented cavity withm said inner s a i d r e c u
P

p e r a t o r S j ^ ^ s a i d vertically extending 
vessel, , . „ coal gas conduit means are positioned between said 

c. a gas tubme assembly located m a horizontally h i h . * r e s s u r e c o m p r e s s o r a n d e ach of said recupera-
oriented chamber positioned in said inner vessel 35 t o ° s 
beneath said reactor; . ' . _ , . 8. The nuclear power plant as defined by claim 7, 

d. a plurality of heat exchanger means positioned m a w h e r e i n s a i d m e a n s for transporting cooled gas from 
plurality of vertically oriented pods spaced radially s a i d c o l l e c t i o n p o i n t to s a i d r e a c t o r further comprises 
about said reactor in the wall of said inner vessel, c o n d u i t means for transporting re-heated cool gas from 
there being a plurality of first such heat exchanger 40 e a c h o f s a i d r e Cuperators to said reactor, a substantial 
means and at least one second heat exchanger p o r t i o n o f t h e l e n g t h o f s a i d r e-heated gas conduit 
m e a n s > means being positioned within one of said vertically 

e. a plurality of hot gas conduit means interconnect- extending cool gas conduit means, whereby said con-
ing said reactor and said turbine assembly, each of d u j t m e a n s carrying re-heated gas are surrounded over 
said hot gas conduit means including a horizontal 45 s a i d portion of length by cool gas in said vertically 
connection to said reactor and to said turbine and extending conduit means. 
a vertical section between said connections; 9. The nuclear power plant as defined by claim 1, 

f. a combined turbine exhaust gas distribution/cooled further comprising vertically oriented conduit means 
gas collection system horizontally positioned in the connecting each of said first heat exchanger means 
bottom wall of said inner vessel beneath said gas 50 with said distribution means and, coaxially surrounding 
turbine assembly, said distribution/collection sys- s a i d vertically oriented conduit means, outer vertically 
tem comprising distribution means including inner extending conduit means connecting each of said first 
conduit means for transporting exhaust gas from heat exchanger means with said collection means, 
said turbine to each of a plurality of said first heat 10. The nuclear power plant as defined by claim 7, 
exchanger means and collection means including 55 further comprising a single vertical gas transporting 
outer conduit means, coaxial to said inner conduit conduit connecting said collection point and said low-
means, for transporting cooled gas from each of pressure compressor. 
said first heat exchanger means to a collection , 11. The nuclear power plant as defined by claim 6, 
point, said conduit means being comprised of hori- wherein said gas turbine, high- and low-pressure com-
zontally and vertically oriented sections, whereby 60 pressors are connected to a single shaft which is rigidly 
said distribution means and said collection means coupled to a generator. 
are disposed coaxially with respect to one another; 12. The nuclear power plant as defined by claim 1, 
and wherein the high-temperature reactor is equipped at its 

g. means for transporting cooled gas from said collec- base with four radially placed connectors each of which 
tion point to said reactor, including at least as many 65 leads into a vertically placed gas conduit, and wherein 
vertically extending cool gas conduit means as the a horizontal conduit leads from each vertically placed 
number of said hot gas conduit means, one of said conduit to a symmetrically arranged turbine-intake 
vertically extending cool gas conduit means coaxi- connector. 
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13. A nuclear power plant as defined by claim 12, 
wherein said reactor comprises graphite packing there-
about and said packing extends along said radially 
placed connectors to said vertically placed gas con-
duits. 

14. The nuclear power plant as defined by claim 6, 
wherein there are two of said second heat exchanger 
means in said vertically oriented pods and wherein 
each comprises an intermediate cooler. 

15. The nuclear power plant as defined by claim 14, 
wherein each of said two vertically oriented pods com-
prises two intermediate coolers arranged one above the 
other, and further comprising a coaxial gas transfer 
conduit leading from said low-pressure compressor to 
each of said intermediate cooler-containing pods and 
back to said high-pressure compressor, whereby gas 
flow toward said intermediate coolers takes place in the 
exterior path of said coaxial conduit and gas flow to 
said high-pressure compressor takes place in the inter-
ior path of said coaxial conduit. 

16. The nuclear power plant as defined by claim 1, 
wherein said vertically oriented pods containing said 
heat exchanger means comprise gas-tight steel liners 
provided with insulation and water-cooling means. 
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17. The nuclear power plant as defined by claim 1, 
further comprising a secondary heat absorption means 
positioned inside said inner vessel, said device compris-
ing a blower. 

18. The nuclear power plant as defined by claim 17, 
wherein said secondary heat absorption means further 
comprises a recuperator and a cooling means. 

19. The nuclear power plant as defined by claim 17, 
wherein one of said secondary heat absorption means is 
arranged in each of four vertically oriented pods 
spaced symmetrically around said reactor. 

20. The nuclear power plant as defined by claim 1, 
further comprising control means for flow of said gas, 
ail of said control means being located in vertically 
arranged chambers for easy accessibility from outside 
said inner vessel. 

21. The nuclear power plant as defined by claim 1, 
further comprising a pressure tight safety vessel sur-
rounding said inner vessel and all components carrying 
said gas. 

22. The nuclear power plant as defined by claim 21, 
wherein said safety vessel comprises a cylindrical hous-
ing for holding a generator, said housing including 
pressure- and gas-tight sealing means. 

* * * * * 
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