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(54) IMPROVEMENTS IN OR RELATING TO 
HEAT EXCHANGERS 

(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, London, 
a British Authority, do hereby declare the 
invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state-
ment : — 

This invention relates to heat exchangers 
10 and in particular to evaporative or "two-

phase-flow" types of heat exchangers. 
According to the present invention there 

is provided a heat exchanger for vaporising a 
liquid comprising: an elongated tube for con-

15 veying the liquid; one or more hollow heat 
exchanger members disposed on the outside 
of the tube, the external surface of the mem-
ber in use being exposed to a source of heat 
sufficient to heat the member to a temperature 

20 which will vaporise the liquid, at least a por-
tion of the internal surface of the member 
being covered with a flow distributor layer 
which is in fluid communication with the bore 
of the tube and which has a plurality of capil-

25 lary passages for constraining the liquid to 
contact the internal surface of the member, 
the interior of the member defining a chamber 
for collecting the vapour produced when the 
liquid contacts the member; and outlet means 

30 for enabling the vapour produced to leave the 
interior of the member. Preferably the or each 
member extends in a plane transverse to the 
longitudinal axis of the tube, although alterna-
tively the or each member may be a helical 

35 member extending around the tube in a direc-
tion along the longitudinal axis of the tube. 

Preferably the liquid to be heated is fed 
to the flow distributor layer at a rate sufficient 
to keep it moist. The flow rate of the liquid 

40 will be dependent on the rate at which the 
liquid is vaporised. 

The source of heat may be a hot medium 
such as a fluid contained in an outer vessel 
surrounding at least part of the heat exchanger. 

45 Alternatively the source of heat may be a 

flame from a burner directed towards the 
external side of the heat exchange member. 
Equally, the source of heat may be radiated 
or convected heat directed towards the external 
side of the heat exchange member. In the case 50 
when there is more than one heat exchange 
member the interiors of the members may be 
connected to outlet means common to some 
or all of the members, or alternatively each 
member may be provided with its own separ- 55 
ate outlet means. 

The flow distributor layer may be made of 
porous or fluid permeable metals, ceramics, 
fibrous matting or woven structure such as a 
woven metal mesh and the materials need not 60 
necessarily be thermally conductive since the 
layer functions as a flow distributor rather than 
as an extension of the heat exchange surface. 

A heat exchanger embodying lie present 
invention will now be described by way of an 65 
example only with reference to the drawing 
accompanying the Provisional Specification 
which shows a part sectional view of one form 
of a heat exchanger suitable for thermonuclear 
reactor. 70 

Referring particularly to the drawing there 
is shown one module of a lithium blanket 
which, it is envisaged, will surround the plasma 
of a thermonuclear reactor as one component 
of the neutron shielding. The lithium also 75 
serves as a breeder material to produce tritium 
by the absorption of neutrons from the plasma. 
The tritium is recycled to replenish the plasma 
and thereby sustain the fusion reaction. A 
coolant fluid is brought into heat exchange 80 
contact with the lithium to extract heat from 
it and the coolant is used either to raise steam 
or to do work such as for example by driving 
a turbine. 

It is envisaged that in a fusion reactor a 85 
plurality of vessels 1 will be assembled side-
by-side to build up a modular blanket which 
surrounds the plasma. A flexible vacuum seal 
will be provided between adjacent vessels to 
enable thermal expansion and contraction on 90 
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cooling. Each vessel 1, or module would be of 
the order to 70cms long and would probably 
taper j it being wider at the end remote from 
the plasma than at the end nearest the plasma. 

5 The taper angle will probably be of the order 
of a few degrees for example 4° but the final 
shape of each module will depend upon its 
position around the cross section of the torus 
and must be shaped to permit the whole 

10 blanket to extend around the torus. Preferably 
the cross sectional shape of each vessel 1 is 
octagonal or hexagonal although any geometric 
shape which enables a regular uniform tessela-
tion to be achieved over the circumferential 

15 surface or the cross sectional shape of the 
torus could be used. The difficudy in using 
say a rectangular cross sectional shape of mod-
ule lies in achieving a practical shape of 
vacuum seal. With a hexagonal tesselation a 

20 flexible Y shaped sealing element would be 
provided at each corner of the hexagons with 
each leg or branch of the Y shape extending 
halfway along the flats of the hexagon. 
Thermal expansion would tend to occur across 

25 the width of each leg of the Y shape rather 
than along its length. This movement could 
be more readily accommodated by designing 
the seal with corrugations having the crests and 
roots thereof extending along the length of each 

30 leg of the Y shape. With a rectangular tessela-
tion it would not be so easy to design a seal 
to accommodate thermal expansion of each 
module. Nevertheless, in some applications 
a rectangular (or for that matter any other 

35 suitable geometric shape) could be used bear-
ing in mind the difficulties in effecting good 
flexible seals between the modules (vessels 1). 

Each module (vessel 1) would be supported 
from the outside by suitable structure. Instead 

40 of using lead as the outermost shield (lead 
being difficult to retain and also unsuitable for 
supporting the heavy magnet) it is proposed 
to construct an iron shell (formed by two plates 
of iron spaced apart by iron struts to define 

45 a hollow shell) to support the magnet and to 
act as part of the biological shield. The iron 
shell would be of the order of 0.5m thick 
and would accommodate further iron shield-
ing and modular tanks of borated water. The 

50 iron shell would also serve as the structure for 
supporting the remainder of the biological 
shield. Immediately behind the lithium blanket 
(i.e. on the side remote from the plasma) is 
a layer of graphite. Behind the graphite is a 

55 further blanket of lithium (through which the 
lithium from the lithium blanket adjacent the 
plasma flows, and a thermal shield is provided 
between the second lithium blanket and the 
inner wall of the iron shell. 

60 Tubes passing through the shield to take 
services such as lithium and coolant to and 
from parts of the reactor may also serve as 
stuctural struts or ties, and they should not 
be positioned to enable direct neutron shine 

65 paths through the biological shield. 

Each module is in the form of an outer 
vessel 1 having an inlet pipe 2 and an outlet 
pipe 3. Lithium from an adjacent similar 
module flows in to the vessel 1 through pipe 
2 and out through the pipe 3 to the tritium 70 
extractor, (via an adjacent module if desired). 

Located inside the outer vessel 1 is a heat 
exchanger 4 having a plurality of chambers 11 
defined at least in part by a plurality of gener-
ally planar hollow heat exchange members 5. 75 
A number of chimneys 6 are provided to inter-
connect the interiors of the heat exchange 
members 5. A flow distributor layer in the 
form of a porous wick 7 is provided over the 
internal side of the heat transfer surfaces 8 80 
of the heat exchange members 5 to ensure 
that the liquid coolant is brought into intimate 
contact with the internal heat transfer surface 
8. The wick 7 has a plurality of capillary 
passages for constraining the liquid to' contact 85 
the internal surface of the heat exchange 
member 5 and may also extend over the inter-
nal surface of the chimneys 6 or at least over 
that portion of the chimneys which are in 
direct contact with the source of heat. Each 90 
of the heat exchange members 5 is connected 
to a central common coolant supply pipe 9 
which has a number of small holes 10 through 
which the coolant flowing in pipe 8 may flow 
to the wick 7 in each heat exchange member 5. 95 
It will be seen from the drawing that the 
coolant is not introduced into the chambers 11 
defined by the heat exchange member 5 as 
such, but rather it is supplied direct to the 
wick 7. Suitable materials for the wick 7 are 100 
porous or fluid permeable metals, ceramics, 
fibrous matting, or woven metal mesh such as 
fine stainless steel wire. 

If desired, particularly in non-nuclear 
applications of the heat exchanger, the 105 
chambers 11 of each heat exchange members 
5 may communicate with a common outlet 
means such as a chimney which is common 
to all the heat collecting members 5. How-
ever it is important that when the heat 110 
exchanger is to be used in a nuclear environ-
ment it is designed so as not to permit a direct 
neutron shine path through the heat exchanger. 
For example, if the front face 12 of the heat 
exchanger is subjected to neutrons from for 115 
example a plasma of a nuclear fusion reactor 
then it is advisable to locate each chimney 
6 out of alignment with other chimneys 6 
otherwise a direct shine path through all the 
chimneys would occur. Such precautions in 120 
the design of equipment for use in nuclear 
environments is well known. 

In operation of the heat exchanger lithium 
is fed into the supply pipe 2 at a pressure 
of about 1/2 atmosphere and allowed to flow 125 
though the outer vessel 1. In order that the 
whole lithium volume is swept by any flow 
and to eliminate any stagnant pockets the 
lithium is caused to meander in a zig-zag 
manner from between adjacent heat exchange 130 
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members 5 axially through a gap between the 
edges of the heat exchange members 5 and the 
outer vessel wall, across between the next pair 
of heat exchange members and through the 

5 opposite gap between the next heat exchange 
member 5 and the vessel 1. 

This flow pattern is preferably orientated 
to occur mainly along any magnetic lines of 
force to minimise magneto hydrodynamic 

10 pressure drop. 
A liquid metal such as potassium is fed 

to the wicks 7 in each chamber 11 by way of 
a common supply pipe 9 and holes 10 to 
maintain a layer of potassium in contact with 

15 the internal side of the heat transfer wall 8, 
of each heat exchange member 5. Potassium 
is used as a coolant for cooling the lithium 
blanket of a fusion reactor because it will 
readily vaporise at low pressures (sub-atmos-

20 pheric) at the sort of temperatures likely to 
prevail in the blanket (typically of the order of 
750°C at the face of the module nearest the 
plasma). The heating of this front face will 
be due mainly to bremsstrahlung radiation 

25 from the plasma, and heating by charged 
particles and neutrons from the plasma. 
Although the temperature of the plasma will 
be in excess of 50Xl06OC very litde of the 
thermal radiation will be in the optical or infra 

30 red spectrum because of the highly ionised state 
of the plasma. Heat will also be generated in 
the lithium due to capture of neutrons from 
the plasma. Accordingly, the thermal flux 
across the thickness of the whole lithium 

35 blanket will fall off exponentially, and there-
fore to optimize the efficiency of heat transfer 
to the coolant it may be advisable to alter 
the shape of the heat exchange members pro-
gressively from the end of the vessel 1 nearest 

40 to the plasma. The temperature of the blanket 
will be in the order of 600°C to 1000°C, 
therefore it is preferable to use a liquid at a 
pressure which will allow the liquid to vapor-
ise at the temperature of the blanket. In this 

45 way one may impart latent heat as well as 
sensible heat to the liquid to vaporise it and 
a more efficient heat utilization is possible. 
It is preferable to use a liquid which has a 
low vapour pressure at the temperature of the 

50 lithium blanket. Potassium is a suitable cool-
ant (other suitable liquid metals are Rhubidium 
and Mercury) as it can be supplied to the 
lithium blanket region at sub-atmospheric 
pressures, and thereby not only minimizes 

55 large pressure differentials between the heat 
exchanger and the adjacent lithium blanket 
but enables much lower pumping power to be 
expended than would be otherwise possible. 
This is desirable because one of the problems 

60 in cooling the lithium blanket of a fusion 
reactor is that of pumping a coolant across 
the high magnetic fields (10 webers) which 
are employed to retain the plasma out of con-
tact with adjacent structure. 

65 It is envisaged that a heat exchanger con-

structed in accordance with the present inven-
tion will accept heat fluxes of the order of up 
to 250 watts/cm2 with potassium as a working 
fluid and correspondingly lower heat fluxes for 
other fluids in the ratio of the latent heat of 70 
the working fluid to that of potassium. 

It is to be understood that the heat exchanger 
of the present invention is not limited to heat 
exchangers for use in fusion reactors and may 
be applicable to other uses. The coolant liquid 75 
need not then be a liquid metal. Other shapes 
of module are also possible, and if desired the 
heat exchanger may be located in the path of 
a flow of hot fluid such as a gas or liquid and 
may, alternatively be immersed in a static body 80 
of fluid. 

It is also possible that flames from a suit-
able burner may be concentrated on parts of 
the heat transfer surfaces. In some instances 
it may be advisable to provide means whereby 85 
surplus coolant liquid may be drained from 
various regions of the heat exchanger to avoid 
flooding of the chambers 11 with liquid. 

It will be seen from the above description 
that the wick 7 serves to prevent "dry-out" 90 
or "burn-out" of the heat transfer surfaces 
which, with very high heat fluxes, could result 
in damaging the heat exchanger and thereby 
allowing the detrimental mixing of the coolant 
liquid with the heat source. 95 

The heat exchanger of the present invention 
may be employed as a refrigerator in which 
the liquid to be vaporised is a cryogenic liquid 
such as for example Freon, (Registered Trade 
Mark), and one form of such a heat exchanger 100 
could be applied to the cooling of air for an 
air conditioning system. The air in this case 
would be the source of heat. 

WHAT WE CLAIM IS: — 
1. A heat exchanger for vaporising a liquid 105 

comprising: an elongated tube for conveying 
the liquid: one or more hollow heat exchange 
members disposed on the outside of the tube, 
the external surface of the member in use 
being exposed to a source of heat sufficient n o 
to heat the member to a temperature which 
will vaporise the liquid, at least a portion of 
the internal surface of the member being 
covered with a flow distributor layer which is 
in fluid communication with the bore of the 115 
tube and which has a plurality of capillary 
passages for constraining the liquid to contact 
the internal surface of the member, the interior 
of the member defining a chamber for collec-
ting the vapour produced when the liquid 120 
contacts the member; and outlet means for 
enabling the vapour produced to leave the 
interior of the member. 

2. A heat exchanger according to claim 1 
wherein the or each member extends in a plane 125 
transverse to the longitudinal axis of the tube. 

3. A heat exchanger according to claim 1 
wherein the or each member is a helical mem-
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ber extending in a direction along the longi-
tudinal axis of the tube. 

4. A heat exchanger according to any one 
of the preceding claims wherein an outer 

5 vessel for containing a heating medium sur-
rounds at least part of the heat exchanger. 

5. A heat exchanger according to any one 
of claims 1 to 3 wherein means are provided 
to concentrate a flame from a burner on to the 

10 external surface of the member or at least 
one of the members. 

6. A heat exchanger according to any one of 
the preceding claims wherein there is more 
than one member the interior of which is con-

15 nected to a common outlet means. 
7. A heat exchanger according to any one 

of claims 1 to 5 wherein there is more than 
one member and the interior of each member 
is provided with its own outlet means. 

20 8. A heat exchanger according to any one 
of the preceding claims wherein the flow dis-
tributor layer is made of a porus or fluid 
permeable metal. 

9. A heat exchanger according to any one of 
25 claims 1 to 7 wherein the flow distributor 

layer is made of a porous or fluid permeable 
ceramic. 

10. A heat exchanger according to any one 
of claims 1 to 7 wherein the flow distributor 
layer is made of a porous or fluid permeable 30 
fibrous matting. 

11. A heat exchanger according to any one 
of claims 1 to 7 wherein the flow distributor 
layer is made of a porous or fluid permeable 
woven metal mesh. 35 

12. A heat exchanger substantially as herein 
described with reference to the drawing 
accompanying the provisional specification. 

13. A heat exchanger assembly comprising 
a plurality of heat exchange modules substan- 40 
tially as herein described with reference to the 
drawing accompanying the provisional speci-
fication. 

14. A heat exchange assembly for a thermo 
nuclear reactor in the form of a torus made 45 
of a plurality of co-operating heat exchange 
modules substantially as herein described with 
reference to the drawing accompanying the 
provisional specification. 

M. J. LOFTING, 
Chartered Patent Agent, 

Agent for the Applicants. 
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