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(54) Water tube liquid metal con-
trol 

(57) A heat exchanger in w h i c h l iq-
u id to be who l l y or part ly vapor ized 
f lows in U- tubes 1 4 f r o m inlets 17 
to out lets 19 and l iqu id metal t o be 
cooled is caused to f l o w external ly 
of the U- tubes f r o m inlet 4 to out-
lets 5 t h r o u g h annular passages 
10 , 1 2 in counter f low to the f lu id 
w i t h i n the U- tubes, the f l o w tu rn ing 
space 13 between the passages 10, 
1 2 is prov ided w i t h l iqu id metal 
bypass means 2 1 - 2 7 for control-
lably reduc ing the l iqu id metal f l ow 
over the U- tube d o w n f l o w l imbs in 
passage 12. By the use of said 
bypass means w h e n necessary it is 
in tended to retain the ini t ial vaporiz-
ing zone w i t h i n the U- tube up f low 
l imbs. 
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SPECIFICATION 

Heat exchange arrangements 

5 This invention relates to arrangements for heat 
exchange between a flow of liquid metal to be 
cooled and a forced f low of liquid to be 
wholly or partly evaporated. 

The core of a nuclear reactor of fast-neutron 
1 0 type is usually cooled by a flow of liquid 

sodium or of liquid sodium and potassium 
alloy the heat in which, usually after it has 
first been transferred to a secondary liquid 
metal f low, may be exploited for raising, su-

1 5 perheating and possibly also reheating steam 
for driving turbines. For the steam-generating 
and superheating purposes heat exchangers, 
examples of which are described and illus-
trated in Patent Specifications 1 , 1 0 1 , 7 7 2 and 

2 0 1 , 1 0 1 , 7 7 3 , have been designed comprising 
an elongated cylindrical vessel of upright axis, 
partitions defining within the vessel a liquid 
metal f low path which includes a down flow 
through an annular passage to a flow turning 

2 5 space and from the flow turning space an 
upflow through a further annular passage and 
a plurality of forced-flow U-tubes all arranged 
in parallel as regards the working fluid flow 
and for working fluid downflow in the second-

3 0 mentioned of the annular passages and for 
working fluid upflow in the first-mentioned of 
the annular passages. There may be one such 
heat exchanger for steam generating with or 
without some superheating and another such 

3 5 heat exchanger for superheating the steam 
generated. 

The steam generating heat exchanger will 
be designed with reference to the desired rate 
of heat transfer at normal load to the working 

4 0 fluid under desired boiler pressure and so that 
at normal load the zone of the U-tubes in 
which steam generating commences lies in 
the upflow limbs of the U-tubes, a condition 
that tends towards the equalization of the 

4 5 flows in the parallel-connected U-tubes. If the 
power plant is required to operate at reduced 
load, however, and for any of various reasons 
it is impracticable or undesirable to re-adjust 
the boiler working fluid flow rate in relation to 

5 0 the reduced liquid sodium flow rate, or the 
liquid sodium flow rate in relation to the 
reduced water boiler working fluid flow rate, 
exactly to an extent which causes the said 
zone to retain its location, then it may be that 

5 5 the said zone assumes at reduced load a new 
location in the U-tube bends or even in the 
downflow limbs of the U-tubes. 

In an arrangement for heat exchange be-
tween a flow of liquid metal to be cooled and 

6 0 a forced flow of liquid to be wholly or partly 
vaporized, including an elongated cylindrical 
vessel of upright axis, partitions defining 
within the vessel a liquid metal f low path 
which includes a downflow through an annu-

6 5 lar passage to a flow turning space and from 

the flow turning space an upflow through a 
further annular passage and a plurality of 
parallel-connected forced-flow vapour generat-
ing U-tubes arranged for downflow in the 

7 0 second-mentioned of the annular passages 
and for upflow in the first-mentioned of the 
annular passages, according to the present 
invention means allow for the withdrawing at 
an adjustable rate of some of the liquid metal 

7 5 entering the flow turning space and by-pass-
ing it in relation to the annular passage into 
which the remaining liquid metal turns from 
the said flow turning space. 

If a bypassing is effected in relation to the 
8 0 said annular passage less heat is carried by 

liquid metal into the annular passage per unit 
t ime than otherwise and therefore the liquid 
downflow in the U-tubes receives less heat 
per unit t ime than otherwise and the zone in 

8 5 which vaporization commences in the U-tubes 
is caused to retreat from the U-tube inlets; 
therefore, if at part load it would otherwise 
move into the U-tube bends or into the U-tube 
downflow limbs, then by appropriate adjust-

9 0 ment of the liquid metal bypass rate the said 
zone may be caused to retain a location in the 
U-tube upflow limbs. 

In the case of a power plant forced-flow 
steam boiler designed for operation with the 

9 5 forced flow of the working fluid through 
steam generating tubes and including a steam 
and water separating vessel or drum and 
arranged for a continuous withdrawal or let-
down of some or all of the separated water 

1 0 0 from the drum and its passage through de-
mineralizing means for removal or reduction 
of solids and solid solutes therefrom, it is 
known to recover much of the heat in the 
letdown water by passing the letdown water 

1 0 5 through a heat exchanger cooled by boiler 
feedwater which is on its way from the con-
denser back to be re-heated and re-vaporized. 
If, as may be desirable, at least a min imum 
letdown water flow is maintained whatever 

1 1 0 the load, then this manner of letdown water 
cooling may well have as one result that the 
final feedwater temperature is higher at some 
reduced loads than at normal load. If the 
steam generating part of the boiler is a heat 

1 1 5 exchanger of the kind mentioned and receives 
such higher temperature feedwater at reduced 
loads, the present invention will be of utility in 
providing means for retaining in the U-tube 
upflow limbs the zone in which evaporation 

1 2 0 commences. 
The invention will now be described by way 

of example with reference to the accompany-
ing drawings, in which 

Figure 7 is a sectional elevation of an 
1 2 5 arrangement for heat exchange between liquid 

sodium to be cooled and water to be wholly 
or partly vaporized and 

Figure 2 is a plan to a larger scale of part of 
the arrangement in section on the line ll-ll of 

1 3 0 Fig. 1. 
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With reference to the drawings, an arrange-
ment for heat exchange between a flow of 
liquid sodium to be cooled and a forced flow 
of water to be wholly or partly vaporized 

5 includes an elongate cylindrical pressure ves-
sel 1 of upright axis having a convex or 
dished lowermost end wall 2 and its upper 
end closed by a horizontal upper plate 3. In 
the centre of the lowermost end wall 2 there 

1 0 is positioned an inlet 4 for the liquid sodium 
and near the top of the vessel there are 
positioned two outlet nozzles 5 for the liquid 
sodium, one diametrically opposite to the 
other in relation to the vessel axis. Within the 

1 5 vessel there are arranged a partition 6 which 
is co-axial with the vessel and is mainly 
cylindrical and extends from the liquid sodium 
inlet 4 to a domed cover 7 at its upper end 
below which liquid sodium outlet apertures 8 

2 0 are formed; a cylindrical partition 9 of greater 
diameter than the partition 6 and which is 
also co-axial with the vessel and extends 
downwardly from the upper plate 3 to termi-
nate at the level of the upper end of the 

2 5 dished lowermost end wall 2, and defines 
between itself and the partition 6 an annular 
liquid sodium downflow passage 10; a cylin-
drical partition 11 of greater diameter than 
the partition 9 and which is also co-axial with 

3 0 the vessel and extends downwardly from the 
upper plate 3 to terminate at the same level 
as the lower end of the partition 9 and defines 
between itself and the side wall of the vessel 
an annular liquid sodium upflow passage 12 

3 5 with which the liquid sodium outlets 5 com-
municate. The partitions together define a 
liquid sodium flow path from the inlet 4 
upwardly in the space within the partition 6 , 
through the aperture 8 , downwardly through 

4 0 the annular passage 10 to an annular flow 
turning space 13 provided by that part of the 
space embraced by the vessel lowermost end 
wall 3 that lies radially outside the partition 6 
and upwardly through the second mentioned 

4 5 annular passage 1 2 to the liquid sodium out-
let nozzles 5 . 

Also within the vessel there are arranged a 
plurality of forced-flow steam generating U-
tubes 1 4 each having one of its limbs extend-

5 0 ing vertically within the annular passage 1 2 
and the other extending vertically within the 
annular passage 1 0 and a bend 15 joining 
the two limbs and housed in the liquid so-
dium flow turning space 13 . The upper ends 

5 5 of the tubes in the annular passage 1 2 termi-
nate at respective apertures (not shown) in the 
upper plate 3, to which plate they are welded, 
and all the said apertures communicate with 
the annular space within a semi-toroidal cover 

6 0 16 carrying inlet nozzles 17 and welded to 
the upper plate 3 and serving as the water 
inlet manifold for all the U-tubes. The upper 
ends of the tubes in the annular passage 1 0 
terminate at respective apertures (not shown) 

6 5 in the upper plate 3, to which plate they are 

welded, and all these latter apertures commu-
nicate with the annular space within a second 
semi-toroidal cover 18 carrying outlet nozzles 
19 and welded to the upper plate 3 and 

7 0 serving as the steam or steam and water 
outlet manifold for all the U-tubes. 

The vessel lowermost end wall 2 is pierced 
for two nozzles 2 1 , one diametrically opposite 
to the other in relation to the vessel axis, to 

7 5 which respective drainage pipes 2 2 are at-
tached that may be used for emergency liquid 
sodium removal in the event of a tube leak or 
a tube failure resulting in a water-sodium 
reaction. From each drainage pipe 2 2 there ; 

8 0 leads a by-pass pipe 2 3 in which an adjusta-
ble valve 2 4 is placed; to each liquid sodium 
outlet nozzle 5 there is attached a withdrawal . 
conduit 2 5 for cooled liquid sodium and a 
length 2 6 of the conduit 2 5 is formed of 

8 5 enlarged diameter; the two by-pass pipes 2 3 
terminate in respective open ends 2 7 posi-
tioned on the respective axes of the respective 
conduit enlarged lengths 2 6 , which therefore 
constitute mixing chambers for the rejoining 

9 0 with the liquid sodium flows withdrawn from 
the vessel 1 through the outlet nozzles 5 of 
liquid sodium flows that may be permitted to 
flow through the by-pass pipes 2 3 . The by-
pass pipe ends 2 7 face downstream of the 

9 5 liquid sodium flows in the conduit enlarged 
lengths 2 6 . The pipes 2 3 enter the respective 
mixing chambers 2 6 through thermal sleeves 
2 8 at the walls thereof. 

In operation the liquid sodium entering the 
1 0 0 vessel 1 through the inlet 4 flows upwardly 

within an axial passage defined by the parti-
tion 6, then radially outwardly through the 
apertures 8 , then downwardly in the annular 
passage 10 to the flow turning space 13; 

1 0 5 normally all of it then flows upwardly within 
the annular passage 1 2 and through the out-
let nozzles 5 and flow away through the 
withdrawal conduits 2 5 . The water to be 
wholly or partially evaporated enters the inlet 

1 1 0 manifold 16 through the nozzles 17 , flows in 
parallel through the U-tubes, of which the 
limbs in the annular passage 1 2 are d o w n f l o w , 
limbs and the limbs in the annular passage 
1 0 are upflow limbs, and the steam or the 

1 1 5 steam and water mixture is discharged by the 
tubes into the outlet manifold 18 and is ' 
withdrawn through the nozzles 19 . 

The heat exchanger is designed with refer-
ence to the desired rate of heat transfer at 

1 2 0 normal load to the water under desired boiler 
pressure and so that at normal load the zone 
of the U-tubes in which steam generating 
commences lies in the upflow tube limbs in 
the annular passage 10 . If circumstances arise 

1 2 5 in which the zone of the U-tube in which 
steam generating commences would other-
wise move, or in which there might be a risk 
of its moving, into the U-tube bend 15 or into 
the downflow tube limbs in the annular pas-

1 3 0 sage 12 , then by permitting by operation of 
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the valves 2 4 a sufficient controlled flow of 
liquid sodium through the by-pass pipes 2 3 
the zone of the U-tubes in which steam gener-
ating commences is retained or retained with 

5 certainty in the upflow tube limbs in the 
annular passage 10 . 

CLAIMS 
1. An arrangement for heat exchange be-

1 0 tween a flow of liquid metal to be cooled and 
a forced flow of liquid to be wholly or partly 
vaporized, including an elongated cylindrical 
vessel of upright axis, partitions defining 
within the vessel a liquid metal flow path 

1 5 which includes a downflow through an annu-
lar passage to a flow turning space and from 
the flow turning space an upflow through a 
further annular passage and a plurality of 
parallel-connected forced-flow vapour generat-

2 0 ing U-tubes arranged for downflow in the 
second-mentioned of the annular passages 
and for upflow in the first-mentioned of the 
annular passages, wherein means allow for 
the withdrawing at an adjustable rate of some 

2 5 of the liquid metal entering the flow turning 
space and by-passing it in relation to the 
annular passage into which the remaining 
liquid metal turns from the said flow turning 
space. 

3 0 2. An arrangement as claimed in Claim 1, 
wherein liquid metal by-pass pipes containing 
respective adjustable valves lead from a vessel 
wall bounding the flow t u rn ing space to de-
bouch within and on the axes of respective 

3 5 mixing chambers comprising respective 
lengths of enlarged diameter of liquid metal 
withdrawal conduits. 

3. An arrangement as claimed in Claim 2, 
wherein the liquid metal by-pass pipes enter 

4 0 the respective mixing chambers through ther-
mal sleeves at the walls thereof. 

4 . An arrangement for heat exchange be-
tween a flow of liquid metal to be cooled and 
a forced flow of liquid to be wholly or partly 

4 5 vaporized, including liquid metal by-pass 
means arranged substantially as hereinbefore 
described with reference to the accompanying 
drawings. 
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