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[57] ABSTRACT 

A c o m p a c t nuclear reac tor of the pressur ized-water 
variety having two separa te parts separably engage-
able for ease of inspection, main tenance and repair . 
One of the parts being a pressure vessel having an ac-
tive core and the other of said parts being a closure 
adapted on its lower surface with an integral steam 
genera tor and provided on its upper surface with an 
integral pump, external pressurizer and control rods 
which communica te with the active core when said 
separate parts are engaged to form a total unit. 

2 Claims, 3 Drawing Figures 
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COMPACT NUCLEAR REACTOR cation when taken with the accompanying drawings 

wherein: 
This invention relates to an improved pressurized FIG. 1 is a side view in section of the compact PWR 

water reactor of the compact nuclear variety with en- of this invention. 
hanced means for maintaining the opt imum in effi- 5 FIG. 2 is a top plan view of the reactor of FIG. 1. 
ciency of operation through ease of inspection, mainte- FIG. 3 is a flow diagram of the primary coolant of the 
nance and repair of all of the essential components subject invention. 
thereof without destruction of the pressure vessel. Similar numerals refer to similar parts throughout the 

In the pressurized-water reactors ( P W R ) of the art , several views, 
it is extremely difficult if not impossible to inspect, 10 In the broad sense, the subject invention is a compact 
maintain and repair all of the essential components nuclear reactor of the pressurized-water variety having 
thereof without the use of a complicated sequence of a contained cylindrical pressure vessel provided with 
operations or the essential weakening, alteration or an annular opening coextensive with the inner diameter 
even the destruction of the pressure vessel itself which of the body of such vessel, the opening provided with 
is one of the more expensive items in the power gener- 15 a separably engageable closure being integrally pro-
ating system. vided with both a close-coupled external pressurizer 

During the "life of a reactor of the nuclear variety, it and a plurality of separably engagable steam generator 
is not uncommon to alter the specific pattern of flow of sections each of which having a port adapted with a 
one or more of the individual paths of the secondary pump externally oriented in an integral fashion in the 
fluid in the steam generating components of the system. 20 vertical plane relative to such closure, such pump hav-
However, to accomplish such a task it is necessary to ing a shaft provided with an' impeller communicating 
have access to the heat exchange unit of the apparatus with said port and such steam generators positioned in 
otherwise known as the steam generator. In the pressu- spaced relation around the periphery of a core of nu-
rized-water reactors (PWR) of the art, this is usually clear fuel whose control rods are of limited length and 
accomplished by the sequential and separate removal 25 operatively pass through such closure, 
of the internal pressurizer, control rods, and core More specifically, as shown in FIG. 1, a pressure ves-
through a rather restricted opening in the head of the sel 10 is operatively positioned within a containment 
vessel prior to the dismantling of the steam generator vessel 11 having a number of vapor suppression com-
into sectional components for separate withdrawal partments 12. The pressure vessel 10 is basically cylin-
through such portage of the pressure vessel. 3 0 drical in shape having an upper end 13 of relatively 

In other and more extreme situations, the pressure wide open annular construction provided with an en-
vessel may have to be physically cut to facilitate the re- gagement area in the form of a flange 14. The pressure 
moval and repair of one or more of the aforesaid ele- vessel 10, as shown, has an area of support 15 therein 
ments of the reactor such as an inaccessible steam gen- for an active core 16 of nuclear fuel and spacial provi-
erator and the like. However, the subsequent resealing 3 5 sion for a supply of pressurized water, 
of the vessel by conventional techniques into its origi- A cylindrical closure 17 separably engages the mouth 
nal shape leads to a much weaker structural profile of the pressure vessel through a mating flange 18 and 
which could impair the safety of the system. is retained therein by securing means 19. The closure 

What is needed in the art is a PWR type nuclear reac- 17 is integrally provided with a plurality of inlet head-
tor of the compact variety whose essential components 4 0 ers 21 and outlet headers 22 each of which integrally 
may be periodically inspected in a thorough manner communicate with a tube bundle 23 composed of indi-
within a minimum span of time to insure efficiency of vidual tubes 24 coiled helically within said cylindrical 
operation and optimization of the degree of safety in- pressure vessel 10 for the full extent of their individual 
herentiy required of the nuclear industry. length between the inlet 21 and outlet headers 22. 

The subject invention answers the needs of the art These forms effect the foundation of a steam generator 
with special emphasis on a PWR of enhanced strength for the reception of secondary coolant, 
whose essential elements are of a totally integrated op- A vertically disposed shroud 26 encircles the core 16 
erative nature but which are separably engaged for sep- and combines with the inner surface 27 of the pressure 
aration into two major components in a one step opera- ^ vessel 10 to form an annular space 28 for the flow of 
tion for ease of inspection, replacement and repair of primary fluid 29 over the helically coiled tubing 24 for 
the essential elements thereof. the production of steam from the fluid flowing therein. 

It is therefore an object of this invention to provide The closure 17 is also integrally provided with a verti-
a structurally unique PWR whose essential components cally oriented external pump 32 having a relatively thin 
are of an interlocking nature promoting ease of inspec- shaft 33 adapted with a variable drive impeller 34, the 
tion, maintenance, repair, and use under a wide variety latter occupying the annular flow area 35 provided at 
of service conditions. the cold leg o f t h e steam generator. Due to the fact that 

Another object of this invention is to provide a PWR the shaft 33 is relatively thin, improved strength is 
of enhanced strength having a potentially longer life maintained at this point of stress in the closure 17. At 
and lower overall cost due to ease of fabrication and ^ least one external pressurizer 37 is also provided in the 
maintenance during periods of use and repair. upper surface of the closure 17 which communicates 

A fur ther object of this invention is a PWR of a com- with the interior of the pressure vessel 10 through vari-
pact nature provided with a primary coolant having a ous connections (not shown) to maintain the pressure 
flow path reversably responsive in direction to inherent and liquid inventory in such vessel during operation, 
conditions of the vessel. 6 5 Such pressurizers 37 usually employ heaters 38 and ei-

Other objects and many of the a t tendant advantages ther or both foreign gas and spray for liquid control, 
of this invention will become apparent to one skilled in It is further provided, as shown, that the control rods 
the art upon a reading o f t h e following detailed specifi- 41 operatively and directly communicate with the ac-
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live core 16 by penetrat ion of the closure 17 itself. In Referring back to FIG. 1, as the primary coolant 
this manner , the tendency is towards closer tolerance leaves the pump-driven impeller 34 in a flow path 
control of the rod itself because of the relatively short which directly passes f rom the annular flow area 35 of 
length of the rod inherently required leading to a the steam generator onto and through the core 16 f rom 
greater degree of safety and control of the fuel rods 5 top to bot tom it is heated but maintained in the liquid 
(not shown) of the active core 16. phase by a pressure of about 2200 psi. In this instance, 

In general , the aforesaid pressure vessel 10, pressur- the tempera ture of the upper end of the core is usually 
izer 37, pump drives 32 and control rods 41 are encom- 565°F while the temperature of the lower end of the 
passed by an inner conta inment chamber 51 otherwise core is about 600°F. It is then directed by baffles (not 
known as a dry well. Also, for some applications, it may 10 shown) to the lower end of the steam generator 52 for 
be desirable to enclose a major port ion of the reactor its upward travel over the helically wound tubing 24 for 
itself with a conventional wet well for use in the sup- the conventional exchange of heat to the secondary 
pression of vapor. Usually, the body of water contained coolant in tubes 24. For the opt imum in efficiency of 
in such compar tments 12 or wells is at a level above the the exchange, the flow of the major portion of the sec-
core to also provide biological shielding of a substantial 15 ondary coolant is transverse the flow of the primary 
nature. coolant through the steam generator . Af ter such pas-

In essence for periodic inspection which is essential sage, the cooled primary fluid again is forced out of the 
for the efficiency and required safety of the reactor , the annular flow area 35 fo r a return to its original path 
pressure vessel 10 may be separated for inspection by through the core. In this manner , the cooling margin of 
a one step process. The closure 17 may be simply re- 20 the core is increased for the inherent safety of the core 
moved f rom the vessel 13 by the release of engagement and the avoidance of accidental overheating and burn-
means 19 and the vertical lifting of the closure f rom out of the same during the aforedescribed flow opera-
such vessel. In effect this will remove the steam genera- tion. 
tor , pumps, control rods and pressurizer as one integral As a supplemental advantage, if all the pumps 32 fail, 
unit f rom their interrelated position relative to the ac- 25 the flow of the primary coolant will reverse itself and 
tive core. In this manner , the steam generator may be natural circulation will take place insuring the safety of 
inspected and repaired, if necessary, for efficiency of the reactor . As an added advantage, minimum penetra-
fur ther operat ion. Further , physical degradat ion, if any, tion of the vessel may be insured for enhancement of 
of the impeller due to wear may easily become appar- the strength thereof and minimization of fabrication 
ent and replacement thereof accomplished in an easy 30 c o s t due to the design of the described reactor having 
and efficient manner . an assembly of two interpositionally related individual 

Also, if desired the pressurizer and control rods may units or subassemblies. Further , the design of the afore-
be replaced and all of the aforesaid operat ions relative described compact reactor fully and easily satisfies the 
to the essential components of the reactor may be car- safety criteria of the United States Government which 
ried out within a minimum of shutdown time in an effi- 3 5 must be complied up relative to periodic inspection of 
cient manner . the essential components of the reactor for the life of 

Af ter inspection of the separably engaged unit, at ten- the latter unit. This requirement is met with latitude in 
tion may be directed to replacement of the core of ac- the basic design of the reactor for a sizeable core of 
tive fuel and the primary coolant. Also, of greater im- varying design accompanied with latitude in primary 
por tance is that the entire interior, even hitherto inac- coolant inventory requirement, 
cessible areas thereof, of the vessel may be entirely and What is claimed is: 
efficiently inspected for most types of degradation due 1. A pressurized water reactor having a reactor core 
to exposure to irradiation, such as embri t t lement , in- with a coolant f lowpath that has a natufal upward cir-
suring the long term control and safety of the vessel as culation direction and a s t ructure for pressurized water 
a generator of power. flow therethrough, comprising a pressure vessel having 

The ar rangement of the aforedescribed appara tus a longitudinal axis for containing the pressurized water 
with its inherent ease of separation into the essential and promoting the flow of the pressurized water there-
components thereof in a safe, efficient and timely man- within, said pressure vessel having a generally cylindri-
ner has been made possible by recent advances in met- ^ cal shape that is open on one end, said open end being 
allurgy. Alloys are presently available which make pos- transverse to said longitudinal axis of said pressure ves-
sible the utilization of lighter weight and thinner par ts sel, a closure separably engaged to said pressure vessel 
having an opt imum in strengths and resistance to long and fitting over said pressure vessel opening, a longitu-
term irradiation f rom nuclear sources. As a result, it is dinally disposed shroud positioned in said pressure ves-
quite possible to use conventional lifting equipment for 5 5 sel forming an annular space with said pressure vessel 
a task which heretofore was considered impossible and for the pressurized water to flow upwardly through said 
impractical. annular space selectively in a forced flow direction that 

Further , as shown in FIG. 3, in the operat ion of the is opposite to a downward natural circulation longitudi-
aforedescribed nuclear reactor of the PWR compact nal direction in said annular space, a bank of vapor 
variety, the flow of primary coolant is of the forced cir- ^ generating tubes disposed in said annular flow space, 
culation type but in a direction opposed to the natural said tubes having inlet and outlet openings, a plurality 
circulation inherent in the conventional PWR type re- of inlet headers secured to said closure and in commu-
actors of the art. In this manner , the fo rce of the p u m p nication with said tube inlet openings and a plurality of 
is always operating at the opt imum in efficiency be- outlet headers secured to said closure and which corn-
cause of the minimization of the power requirement of 6 5 municate with said tube outlet openings, a plurality of 
the pump. This also reduces the size of the pump re- control rods operatively passing through said closure, 
quired and indirectly the cost because the size of the at least one external pressurizer engaged to said closure 
pump is directly related thereto. and communicat ing with the interior of said pressure 
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vessel through said closure to maintain the pressurized 
water in the liquid phase, and a plurality of pumps se-
cured to said closure and each having a shaft passing 
through said closure, each of said shafts provided with 
an impeller positioned in said annular flow space be-
neath said closure for producing said forced flow up-
wardly over said vapor generating tubes and down-
wardly through said core, wherein said pressurized 
water flows through said annular space in the down-
ward flow longitudinal direction and through the core 
in an upward natural circulation longitudinal direction 
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for protection and safety upon failure of said pumps, 
and whereby separation of said closure from said pres-
sure vessel for inspection, maintenance and repair will 
remove said inlet and outlet headers, said control rods, 

5 said pressurizer and said plurality of pumps from said 
pressure vessel. 

2. The nuclear reactor of claim 1 wherein said vapor 
generating tubes are helically coiled in order to enable 
the pressurized water to flow in a direction that is gen-

10 erally transverse to said tubes. 
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