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(71) We, BRITISH NUCLEAR 
DESIGN & CONSTRUCTION LIMITED, 
of Cambridge Road, Whetstone, Leicester 
LE8 3LH, a British Company, do hereby 

5 declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement:— 

10 This invention relates to nuclear reactor 
boiler systems. 

According to the invention there is pro-
vided a nuclear reactor comprising a re-
actor core, at least one boiler system which in-

15 eludes at least an evaporator section having 
a water inlet and a steam oudet, and circulator 
means arranged to drive reactor coolant down-
wardly through the reactor core, the boiler 
system being connected to receive at its lower 

20 end the reactor coolant which leaves the core 
and to retain such coolant to the circulator 
means, wherein the said water inlet and steam 
outlet are disposed at the lower and upper 
ends respectively of the evaporator section and 

25 the boiler system includes duct means 
arranged to guide coolant received from the 
reactor core downwardly through the 
evaporator section. 
" In one preferred embodiment of the in-

30 vention the evaporator section is annular and 
the boiler system also comprises an annular 
economiser section disposed below the 
evaporator section and having its upper end 
connected to the water inlet thereof, an 

35 annular superheater section disposed above 
the evaporator section and having its lower 
end connected to the steam outlet thereof, a 
reactor coolant oudet duct extending down-
wardly through the superheater, evaporator 

40 and economiser sections and open at its lower 
end to the lower end of the economiser sec-
tion, an upwardly open first casing surround-
ing the superheater, evaporator and 
economiser sections and sealed at its lower 

45 end to the outlet duct, and an outer casing 
sealed at its upper end to the outlet duct and 
surrounding the first casing and forming 
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therewith an annular duct communicating at 
its upper end with the upper end of the 
superheater section, the outer casing being 50 
open at its lower end to receive the reactor 
coolant leaving the core. 

The boiler sections may be supported on 
brackets carried by a vertical cylindrical spine 
which passes through some or all of the sec- 55 
tions. 

Such a preferred embodiment of the in-
vention will now be described with reference 
to the accompanying drawing which is a 
fragmentary sectional elevation of a boiler 60 
system together with part of the nuclear re-
actor in which it is incorporated. 

Referring to the drawing, the reactor in-
cludes a core 10 disposed within a concrete 
pressure vessel 12. Defined within the wall" 65 
thickness of the pressure vessel 12 are a 
number of cylindrical cavities or pods 14 
(only one shown) each of which contains a 
boiler system in accordance with the present 
invention. 70 

Each boiler system includes a boiler 16 and 
a reheater 18. The boiler 16 comprises an 
economizer section 16A, an evaporator sec-
tion 16B and a superheater section 16C. The 
evaporator section 16B has at its lower end a 75 
water inlet 16D which is connected to the 
upper end of the economizer section 16A, and 
at its upper end the evaporator section 16B 
has a steam outlet 16E which is connected to 
the lower end of the superheater section 16C. 80 
Both the boiler sections 16A, 16B and 16C 
and the reheater 18 are annular in form and 
a vertical cylindrical spine 20 extends up-
wardly through the reheater 18 from the floor 
of the pod 14. Two sets of brackets 22 extend 85 
radially from the spine 20, the upper set of 
brackets 22 supporting the boiler 16 and the 
lower set supporting the reheater 18. 

A cylindrical casing 24 surrounds the boiler 
16; the boiler casing 24 is open at its upper 90 
end but at its lower end is sealed to the top 
of the spine 20 by a frusto conical casing 26. 
Disposed within the boiler 16 is an oudet gas 
duct 28 which at its upper end is joined by 
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a seal 30 to the Met plenum 32 of a gas 
circulator 34. The outlet duct 28 is welded to 
and supported by a headplate 36. The head-
plate 36 is supported upon an outer boiler 

5 casing 38 which extends downwardly around 
both the boiler 16 and the reheater 18 and 
whose weight is transferred via the lower set 
of brackets 22 to the spine 20. 

The floor of the pod 14 is penetrated by a 
10 central water feed 40, four superheater outlets 

42 (only one shown), two reheater inlets 44 
(only one shown), and two reheater outlets 
(none shown). The feed 40 is connected to 
the boiler inlet (i.e. the lower end of the 

15 economizer section 16A) by pipework (not 
shown) disposed within the spine 20. Pipe-
work (also not shown) passes from the top 
of the superheater section 16C, via the 
annular duct defined between the boiler cas-

20 ing 24 and the outer boiler casing 38, to the 
superheater outlets 42. Further pipework (not 
shown) disposed outside the spine 20 connects 
the reheater 18 to the reheater inlets 44 and 
the reheater outlets. 

25 In operation of the reactor the gas 
circulator 34 draws reactor coolant gas from 
the plenum 32 and forces it downwardly 
through the core 10 whence it flows to the 
bottom of the pod 14, the gas extracting heat 

30 f r om the core 10 during its passage there-
through. As shown by arrows in the drawing 
the reactor coolant gas then flows upwardly 
through the reheater 18 and then by-passes 
the boiler 16 by continuing upwardly through 

35 the annulus defined between the boiler casing 
24 and the outer boiler casing 38. In passing 
through the annulus the gas transfers heat to 
superheater outlet pipes disposed therein. The 
direction of gas flow is reversed by the head-

40 plate 36, the gas then flowing downwardly 
through successively the superheater, 
evaporator and economizer sections of the 
boiler. From the bottom of the boiler the gas 
is deflected by the frusto conical casing 26 

45 into the duct 28 via which it returns to the 
plenum 32. 

It will be seen that by constructing a boiler 
system in accordance with the present inven-
tion it is possible to provide upward water 

50 flow through those parts of the boiler system 
in which the water is in the liquid phase. 
Thus the problems of instability and thermal 
shock associated with downward water flow, 
particularly at low flow rates, can be 

55 alleviated. Moreover the present invention 
achieves upward water flow without unduly 
complicating the flow of reactor coolant 
through the boiler system. 

WHAT WE CLAIM IS:— 
60 1. A nuclear reactor comprising a reactor 

core, at least one boiler system which in-
cludes at least an evaporator section having 
a water inlet and a steam outlet, and circulator 
means arranged to drive reactor coolant down-

wardly through the reactor core, the boiler 65 
system being connected to receive at its lower 
end the reactor coolant which leaves the core 
and to return such coolant to the circulator 
means, wherein the said water inlet (16D) and 
steam outlet (16E) are disposed at the lower 70 
and upper ends respectively of the evaporator 
section (16B) and the boiler system includes 
duct: means (24, 38; 28) arranged to guide 
coolant received from the reactor core (10) 
downwardly through the evaporator section 75 
(16B). 

2. A nuclear reactor as claimed in Claim 
1, wherein the evaporator section (16B) is of 
annular form and there is provided an outlet 
duct (28) extending downwardly through the 80 
evaporator section, the oudet duct (28) being 
connected at its upper end to the circulator 
means (32, 34) and open at its lower end to 
the lower end of the evaporator section (16B), 
and wherein further the evaporator means 85 
(16B) is enclosed peripherally by a first cas- -
ing (24) and there is provided an outer cas-
ing (38) of the boiler system, said outer cas-
ing being arranged to receive at its lower end 
the reactor coolant leaving the reactor core 90 
and, at its upper end, forming with the said 
first casing an annular duct communicating 
with the upper end of the evaporator section. 

3. A nuclear reactor as claimed in Claim 
1 or Claim 2, wherein the boiler system also 95 
includes an annular superheater section (16C) -
disposed, within the first casing (24), around 
the outlet duct (28) above the evaporator sec-
tion (16B) and connected to the said steam 
outlet (16E) thereof, and the said annular 100 
duct (24, 38) communicates with the upper 
end of the evaporator section (16B) through 
the superheater section (16C). 

4. A nuclear reactor as claimed in any 
of Claims 1 to 3, wherein the boiler system 105 
also includes an annular economiser section 
(16A) disposed, within the first casing (24), 
around the outlet duct (28) below the 
evaporator section (16B) and connected to the 
said water inlet (16D) thereof, and the said 110 
outlet duct (28) is open at its lower end to the 
lower end of the economiser section (16A) at 
the lower end thereof and, therethrough, to 
the lower end of the evaporator section (16B). 

5. A nuclear reactor as claimed in any of 115 
Claims 1 to 4, wherein the boiler system also 
includes a steam reheater section (18) dis-
posed within the outer casing (38) above the 
lower end thereof at which coolant from the 
reactor is arranged to be received but below 120 
the said first casing (24). 

6. A nuclear reactor as claimed in Claim 1 
wherein the evaporator section (16B) is 
annular and the boiler system also comprises 
an annular economiser section (16A) disposed 125 
below the evaporator section (16B) and having 
its upper end connected to the water inlet 
(16D) thereof, an annular superheater sec-
tion (16C) disposed above the evaporator sec-
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tion (16B) and having its lower end connected 
to the steam, outlet (16E) thereof, a reactor 
coolant outlet duct (28) extending down-
wardly through the superheater, evaporator 

5 and economiser sections and open at its lower 
end to the lower end of the economiser sec-
tion (16A), an upwardly open first casing 
(24) surrounding the superheater, evaporator 
and economiser sections and sealed at its 

10 lower end to the outlet duct (28), and an 
outer casing (38) sealed at its upper end to 
the outlet duct (28) and surrounding the first 
casing (24) and forming therewith an annular 
duct communicating at its upper end with 

15 the upper end of the superheater section 
(16C), the outer casing (38) being open at its 
lower end to receive the reactor coolant leav-
ing the core. 

7. A nuclear reactor as claimed in Claim 
20 6, wherein the boiler system also comprises 

a steam reheater (18) disposed within the 
outer casing (38) above the lower end there-
of at which coolant from the reactor core is 
arranged to be received but below the said 

25 first casing (24). 

8. A nuclear reactor as claimed in Claim 
6 or Claim 7 and including a pressure vessel 
(12) having the reactor core (10) housed with-
in it, wherein the pressure vessel includes a 
wall having formed in its thickness a vertic- 30 
ally extending cavity (14) and the said boiler 
system and circulator means (34) are disposed 
within the cavity with the circulator means 
connected to the upper end of the said outlet 
duct (28), there being further provided a first 35 
duct, to which the circulator means is also 
connected, which extends from the cavity and 
through the said wall to the interior of the 
pressure vessel and a second duct, with which 
the lower end of the said outer casing com- 40 
municates, which also extends from the cavity 
and through the said wall to the interior of 
the pressure vessel. 

9. A nuclear reactor having a boiler system 
substantially as described herein and as 45 
illustrated in the accompanying drawings. 

For the Applicants, 
J. S. GASKIN, 
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