
1,027,803                                         3             rising
sections A and B of the curve, so far No. 706209, it is possible to
construct the            as peak point M, and then, assuming the  heat
dissipating surface in an evaporation-            surface temperature
continues to increase, as  cooling system  in such a manner that the  is
usually the case, the operating point jumps  transitional condition of the
cooling fluid be-        5  from point M  to a point Q positioned at a
tween its normal boiling state and skin vapor-  70            corresponding
ordinate on the fourth section  ization or skin boiling state can be
stabilized            D, resulting in a quasi-instantaneous increase
adjacent the cooling surface. This means that            in the surface
temperature from about 125[err]C  should the surface temperature be allowed
to            to more than 1000[err]C usually causing irretriev- increase
somewhat beyond the temperature 10  able damage to the surface material
(burn-  corresponding to peak point M  (about 125[err]C  75
out). This enormous and sudden increase in  at ordinary pressure) due to an
increase in            the temperature of an element of the cooling  the
heat supply rate, the operating point,            surface, occurring
wherever the temperature of instead of jumping at once to the point Q
the cooling surface is allowed to exceed at with a corresponding
over-heating of the sur-        15  some  point the  comparatively
moderate  face to more than 1000[err]C, as explained above, 80
temperature of the peak point M  (125[err]C at will simply follow the
drooping portion "C"            atmospheric pressure), constitutes the
so-called  or M-N of Nukiyama's curve, bringing about
irreversible overheating effect or "calefaction"  a moderate and entirely
permissible rise in            due to the film boiling state of the liquid,
temperature accompanied by a drop in heat       20  leading  to  the
afore-mentioned  hot-spot transfer rate, without damaging burn-out The  85
formation. The critical point M on Nukiyama's  cooling surface construction
required to bring            curve has accordingly been known as the  about
these remarkable results, as disclosed            burn-out point. Wherever
the heating rate  in the aforementioned patent, essentially com-
from the source is so high as to cause the  prised providing a pattern of
massive ribs       25  burn-out point to be locally exceeded in any  or
protuberances of short, thick configuration, 90            portion of the
cooling surface by even an  separated  by  complementary  grooves  or
exceedingly small amount, destructive burn-  channels of relatively shallow
depth. Prefer-            out of the surface occurs.                   ably
these grooves are vertical. The outer ends              For many years the
only known techique  of the ribs or projections extend to a region
30  for avoiding such burn-out, was to increase  of the body of the cooling
liquid beyond the  95            both the rate of circulation, and the
pressure,  area filled with the vapour forming on contact of the cooling
liquid, thereby rapidly elimin-  of the liquid with the hot surface at the
ating the layer of steam that tended to form  root of the projections. Thus
the steam gathers            along the surface and removing steam bubbles.
in the vertical grooves between the ridges and        35  This is
equivalent to increasing the ordinate  rises rapidly through them by
thermosiphon  100            value of the burnout point M, so that the
effect. The grooves may be open, or they            operating point of the
heat exchange process  may be enclosed laterally by longitudinal
would remain on the rising portion B of  partitions to channelize the
liquid entrained            Nukiyama's curve for greater rates of heat with
the steam.        40  supply. In yet other words the procedure    A
heat-dissipating surface thus constructed 105            tended to prolong
the state of normal ebulli-  in accordance with the teachings of our prior
tion and retard the onset of the transitional patents is essentially
non-isothem. Experi-            conditions. The flow rate and pressure of
the  ments have shown that continuous, relatively            cooling liquid
were adjusted to values great  stable, temperature gradients become estab-
45  enough to ensure that the operating point lished along the sides of the
massive ribs or 110            would remain sufficiently below the burn-out
protuberances. The temperature ranges in point M to provide an adequate
safety margin  these  gradients extend  continuously  both
against local hot-spot formation and burn-  below and above the temperature
correspond- out. It is to be noted that as earlier men-  ing to the peak
point M of Nukiyama's curve        50 tioned herein, in the procedure just
described, (125[err]C at ordinary pressurelfrom cooler areas 115
the heat-dissipating surface can be regarded  corresponding to the arc "B"
of the curve, in            as being held substantially isotherm, since
which ordinary ebullition prevails to hotter            measures are taken
at no point thereof to  regions within the transition arc "C". In this
exceed the critical burn-out temperature which  manner the transition phase
becomes stabilized        55  in turn is only very slightly higher than the
in temperature and the operating point can 120            boiling point of
the liquid at the pressure  be safely positioned within the region M-N
under consideration, as shown by the steep  without danger of burn-out. In
other words,            slope of the curve from L to M. A moderate  the
peak point M  no longer behaves as a            local increase in
temperature beyond the over-  critical point that cannot be exceeded along
60  all average isothermal temperature would  the curve without the surface
temperature 125            result in pushing the operating point past the
immediately jumping to a burn-out value of            burn-out point M
with the disastrous con-  over 100[err]C as in more conventional evapor-
sequences stated above.                      ation heat-exchange surfaces,
and the peak              In contrast to this well-known technique, point M
no longer deserves the name of        65  as has been disclosed in our
British patent "burn-out point".                             130        4
1,027,803         According to an improvement disclosed in  grooves should
be related to the thermal con-      our British patent No. 940984, the ribs
or  ductivity factor c of the wall material by  65      protuberances are
provided with extensions  the equation      serving to improve the thermal
contact and-                  [err]                             (2)  5
heat exchange between the liquid and the tips  where m is a numerical
constant which is of      of the ribs.                                the
order of unity when the dimensions a        Cooling structures constructed
in accordance  and b are expressed in  centimetres and the  70     with our
earlier patents are now widely used  thermal conductivity c is expressed in
watts     for the cooling of the anodes in high-power  per cm per degree C.
In the case of the usual 10  electronic transmitter tubes. Their cooling
heat conductive metals used, such as copper     efficiency is surprisingly
high. Using them, it and bronze, or non-metallic materials of     is
possible to employ a simple bath of boiling  appreciable conductivity such
as graphite, and  75     water at ordinary atmospheric pressure as the
where the cooling liquid is water at atmos-     cooling medium, while still
obtaining a greatly  pheric pressure, a preferred value for the 15
increased cooling rate as compared to earlier  factor m  is 1.25. More
generally, a satis-     evaporation-cooling systems employing forced
factory range for the value of m is from 0.7     circulation of cool water
under pressure.   to 1.8 preferably from  1 to 1.5. This bread  80
Our continued research in the field of eva-  range of values for the factor
m also appears     poration cooling surfaces of the deliberately  to hold
for vaporizable liquids other than 20  non-isotherm, stabilized
temperature-gradient  water. Preferably, the depth b of the grooves
type described above, has now revealed the  is greater than one half of the
total wall     existence of certain  specific mathematical thickness, that
is to say greater than one half 85     relationships able to maximize the
efficiency  of the wall thickness as measured perpendicu-     of such
structures while somewhat modifying  larly to the wall on portions situated
between, 25  their manner of operation. It is to these rela- adjacent
grooves.     tionships that the present invention is prim-    The
geometrical relationship expressed by     arily directed.
inequality (1) broadly states that the grooves 90       Referring to Fig. 2
of the drawings, there  or channels are relatively deep, rather than     is
illustrated in cross-section a fragment of a  being relatively shallow as
in the earlier struc- 30  wall of an evaporation-cooling system made  ture
referred to above. This is a first signi-     of a suitable heat-conductive
metal. The  ficant difference of the present invention over     generally
smooth surface to the left-hand side  said earlier structure. Equation,
(2), which is  95     of the wall (as shown) is exposed to a source
especially fundamental to the teachings of     of heat to be dissipated.
Its opposite right-  the present invention, brings in a mathe- 35 hand side
is swept by a body of vaporizable  matical relationship between the
geometric     liquid, such as water at ordinary pressure.  dimensions of
the cooling wall elements or     The side of the wall exposed to the
cooling  ribs and the thermal conductivity factor of 100     liquid is
formed with parallel spaced grooves  the material from  which said elements
are     or channels 4 defining between them  com-  made, which relationship
has not to Appli- 40  plementary ribs or solid wall elements 3. In  cant's
knowledge been taught or foreshadowed     the  drawing  are  indicated  the
principal in the prior art. This equation provides a     geometrical
dimensions defining the structure  means of optimizing the geometry of the
105     of the system  according to this invention,  cooling surface in the
case of any metallic     namely: a, the average spacing or width of  or
other material that may be arbitrarily 45  the solid ribs 3 between
adjacent grooves; b  selected for use in the cooling structure accord-
the depth of the channels or grooves as  ing to circumstances. Conversely
it makes it     measured in the direction of the heat flux  possible, in
cases where the geometry of the 110     to be dissipated, indicated by
arrow 5; d, the  structure is more or less pre-ordained, usually
average width of a groove.                  due to dimensional limitations
in either sense, 50    In accordance with the present invention, to select
the cooling wall material so as to     it has been found that optimum
performance  obtain maximum cooling rate despite such     of such a
heat-dissipating structure, in regard  geometrical limitations. Thus
equation (2),  115     to stabilization of the temperature gradients
especially when taken in conjunction with in-     and hence maximum
permissible cooling rate, equality (1), is of very great value in the 55
is obtained when the following relations are  design of novel
heat-dissipating  stuctures     satisfied.
according to the invention and represents a       Firstly, the groove width
d should be less  remarkable advance in the art.         120     than one
third the depth b, and preferably    It may be noted that in equation (2)
the     within the range of from one twelfth to one  value of b represents
an optimum when the 60 fifth said depth, i e.:                      values
of a and c are given. That is, should b           be taken less than the
value derived from the       [err]                   (1)    equation, the
resulting cooling rate is found 125           to drop off sharply. If b is
selectd greater       Secondly, the width a and depth b of the  than the
optimum value, the cooling rate may     ribs or solid wall elements
separating the  increase somewhat, but by an amount so
1,027,803,5                   small as to make the necessary increase in  a
and b, no similitube is present as between                  wall material
unrewarding.                   structures of different size. The
width/depth                                      While is is not desired to
limit the inven-     ratio is greater for larger elements than for
tion to any explanatory theory concerning smaller ones. Thus, with m= 1.25
, using copper                the law expressed by equation (2) above; some
as the conductive material (c=3.7), then for  70                insight
into the significance of the equation  a width a=lcm  equation (2)
specifies b=                may be gained from the following explana-
2.5cm(a/b=0.40), whereas with b=l cm the                tion. Experiments
using essentially analogue equation specifies a=0.16cm (a/b=0.16). It
(rheographic) methods have shown that for a  can therefore happen that in
the case of very                given constant value of the dimensional
ratio  small-size structures, the thickness [err] specified
b/a, a given temperature differential across  for the inter-groove ribs by
equation (2) may                the cooling wall, and a given rate of heat
become too small for practical considerations.                flow through
the wall surface 2 at the base  In such case it may be advantage, some-
of the elements, the desired stabilization of what paradoxically, to make
the heat-dissipat-           15 the continnus temperature gradient across
ing wall structure out of a metal or other 80               the wall can be
achieved throughout the full material having a relatively low heat conduc-
extent of the depth b of the element, in ele-  tivity factor c, since this,
according to equa-               ments made of different materials,
provided  tion (2), will increase optimum thickess a               the said
depth b is related to the thermal             specified for ribs 3 of given
depth or length b.           20  conductivity factor c of the material by a
It is important to note that when the               proportional relation,
i.e.  b[err]/c[err]=b[err]/c[err]...,  mathematical relationships specified
by the               wherein the subscripts 1 and 2 relate to two  present
invention are verified, the construc-               different materials. In
other words, the rela-  tion and operation of the resulting heat-
tive dimensioning of two elements made of  dissipating struture differ
significantly from          25  differently-conductive materials, should be
in  any of the structures disclosed in our prior  90              the same
ratio, as the ratio of the conductivity  patents mentioned above. In those
of our prior              factors of the materials.
structures including generally parallel spaced              Hence, assuming
the dimension b of an  grooves and ribs and to that extent generally
element is to be reduced in a certain ratio  comparable to the structures
of the present         30  1/p, both its width dimension a and its con-
invention, the width and depth of the grooves  95              ductivity
factor c should each be simultane- were disclosed as being generally of the
same              ously reduced by the same factor 1/p if the order of
magnitude, contrasting markedly with              optimum cooling rate is
to be retained. Again,  the relatively narrow, deep  grooves of this
if it is desired to make the element out of  invention. In Fig. 2, the
dotted outline EFGH  35  the same material as before, i.e. keep the
indicated a typical cross-section of the wall 100             factor c
unchanged, the element of width a/p  structure disclosed in British patent
No.             and depth b/p would be too conductive to  706209. The
diffences in operation between             ensure the desired gradient
stabilization, and  the two types of structures will be explained
its thermal resistance should therefore be in- with reference to Fig 3, the
left-hand side        40  creased by further reducing its width by the  of
which is a secion through the longitudinal   105             same factor
1/p, i.e. imparting to it the   midplane of a groove according to the
earlier             width a/p[err]. From a consideration of both the
construction, e.g. having a cross-sectional             transformations
just mentioned, it becomes  shape as at EFGH ine Fig 2 which the right-
clear that the relationship between the factors  hand side is a similar
longitudinal section        45  b, a and c, required for maintaining the
through a groove according to the present 110            desired stabilized
temperature gradient, should  invention, such as that shown in full lines
in            be of such form as to hold true, both when  Fig. 2.
Corresponding elements in the two            each of the three variables b,
a and c is  structures shown in Fig. 3 are designated by            divided
(or multiplied) by a common factor p, the same numerals, followed  by
suffix a for 50  and when variable b is divided by p and  the structure
according to our earlier patents.           variable a simultaneously
divided by p[err]. It is  In each case the structure comprises a heat
immediately verified that a relationship of the   In each case the
structure comprises a heat           form (2) is the simples that can
satisfy these  2a or 2 exposed to an intense source of heat
conditions. The truth of the relation has been  as by electron bombardment
in a high-power       55  confirmed by extensive tests.
electron tube, and an outer side exposed to a 120             The above
specified relations (1) and (2), cooling liquid such as boiling water.
Numeral          the result of extensive theoretical and experi-  3a or 3
designates a solid wall portion or          mental  investigations
conducted  by  the  ribs between adjacent grooves. The arrows 9a
Applicants, ensure when verified that the  or 9 indicate the flow of the
cooling water.      60  desired steady temperature  gradients will  The
body of steam that forms on contact of          become established
throughout the depth b the water with the heat-dissipating elements
of the heat-conductive wall portions 3 even  3a, 3, is indicated at 10a, 10
respectively. In          at extremely high rates of heat transfer. It the
case of the earlier structure, it is found          should be noted that
owing to the non-linear  as earlier described that this body of steam
65  form  of the relation between the dimensions  collects predominatly
along the bottoms of 130         6
1,027,803      the grooves, substantially throughout the full region C from
point M  to point N, while     length thereof, and that the outer regions
of beyond this again there may be a short     the ribs 3a are in contact
with liquid water  extent, down to the base of the groove, in     as at
l1a, except towards the outlet end of which skin vaporzation obtains. This
inner- 5  the channels where the sheet of steam  10a  most region and
partly also the transitional 70     billows outward as indicated. With this
con-  region MN, are therefore coated with a thin     figuration of the
liquid and vapour phases, the  film of vapour 16 which does not impede the
continuous temperature gradient earlier men-  smooth flow  of liquid water
through the     tinoed as responsible for the effectiveness of groove at
17. 10  the cooling structure, is established externally    The flow
configuration of the two-phase  75     of the conical sheet of steam, and
is liable  water-steam system thus obtained is, as already     to some
instability of the water-steam inter-  stated, extremely stable. Therefore
the full     face, nor does it generally extend the full extent of
Nukiyama's curve, including the     length of the structure as far as its
output end  allegedly unstable transitional region MN, can 15  (the upper
end in the drawing). With the  be utilized at increased rates of heat
dissipa- 80     cooling structure constructed in accordance  tion without
any danger of hot points and     with the present invention, a
significantly  burn-out.     different liquid-vapour configuration is found
It will further be noted from Fig. 3 that     to prevail, as is shown at
the right of Fig. 3. due to the fact that virtually the entire 20  Here the
grooves, due to the dimensioning  capacity of the grooves according to the
in- 85     used, act as steam generators and ejectors to  vention is filled
with liquid, instead of being     expel the steam from their bottom
outwards  partly filled with steam  as in the earlier     in directions
generally normal to the wall sur-  structures described, the invention
achieves     face As a result the grooves are substantially  increased heat
dissipating efficiency for a given 25  completely filled with liquid water
and the  volume.                                       90     sheet of
water may even extend some distance    Fig. 5 illustrates in perspective a
generally     outward beyond the outer tips 11 of the ribs  flat heat
dissipating wall according to what     3. The inner surface of the conical
sheet of  is the simplest form of embodiment of the     steam  10 thus lies
along a surface spaced  invention. It is noted from  this figure that 30
from said outer ends of the ribs and provides  the length dimension of the
rib and groove  95     a positive boundary confining the liquid in
formations, designated e, should preferably be     the grooves throughout
their length. Whereas  substantially greater than the width dimes-
liquid water is supplied to the grooves in the  sion a. In cases where the
dimension e is     earlier structure through their outer sides, as
relatively short with respect to dimension a, 35 indicated by arrows 9a, in
the structure of the relations of the invention still remain 100     the
invention the grooves are generally fed  applicable, provided the numerical
coefficient     with liquid water exclusively from the inlet m is somewhat
decreased correspondingly.     end (preferably the lower end in the case of
Fig. 6 illustrates a heat dissipating wall     vertical grooves) as shown
by arrow 9. The  according to the invention which differs from 40
resulting conditions within a groove accord-  the preceding one firstly in
that its general 105     ing to the invention are better illustrated in
shape is arcuate, e.g. cylindrical. The side     the cross-sectional view
of Fig. 4. The groove  walls of the grooves are shown radial, and     is
completely filled with a turbulent flow of hence somewhat diverging. The
groove width     liquid outwardly confined by the water-steam   dimension d
should in this case be measured 45  interface 13 of the external sheet of
steam  as the average width of the groove over its 110      14, which
prevents the ingress of liquid  depth. The same applies to all cases where
laterally into the groove. The side walls of the grooves are not uniform in
width over      the groove are thus subjected to temperature  their depth,
it being understood that the in-      gradients of remarkably high
stability. The  vention is applicable to such embodiments. 50  temperature
decreases steadily from the bottom  An additional difference embodied in
Fig. 6 115     of the groove outwards. In other words, the  is that there
are provided in this case two     thermal conditions characterising the
four  sets of spaced grooes, intersecting at right     regions A, B, C and
D of Nukiyama's curve  angles, and shown at 4 and 8 respectively.     are
distributed over the cross-sectional depth  The equations of the invention
may apply to 55  of the groove in the manner indicated by the  both sets of
grooves and corresponding rib  120      letters A, B, C and D in Fig. 4,
with the  dimensions. In this respect it should be noted
lowest-temperature regions A (heat transmis-  that in the case of a
two-dimensional array      sion by convection) and B (normal ebullition)
of grooves as in Fig. 6, the length dimension e      being outermost. The
peak point M  repre-  may or may not be large with respect to the 60
senting the higher limit of the normal boiling  width dimension a, and
accordingly in the 125     range occurs somewhat beyond mid-depth of
latter case the coefficient m in equation (2)     the groove, as indicated,
so that the inter-  should be somewhat decreased as earlier men-
mediate area of the groove is filled with  tioned.     boiling water.
Beyond this area (looking into   Where the grooves of the invention have 65
the bottom of the groove) is the transitional considerable length, and in
view of the fact 130
1,027,803                  that as previously indicated the liquid water
remaining at about 100[err]C. This remarkable is prevented from entering
the grooves from  result can be further enhanced by the use of
their outwardly opening sides due to the  such conventional expedients as
pressurizing                  surrounding sheet of vapour, means may ad-
the cooling fluid, forced circulation, external              5
vantageously be provided for facilitating the  cooling of the water to a
temperature below  70                  entry of the liquid into the
innermost areas  its boiling point, and use of cooling liquids
of the grooves such as 17 (Fig. 4). For this  other than water, such as
fluorine compounds.                  purpose inlet recesses such as 18
(Fig. 7) may    The invention is susceptible to a great                  be
provided at spaced points in the side walls variety of applications. In
addition to its use 10  of the grooves, extending from the outer sur-  in
high-power electron tubes already men-  75                  faces 20
thereof down to a depth correspond-  tioned, it can be used in thermal
machines,                  ing substantially to the boundary of the boil-
such as internal combustion engines, and in        ing zone (as previously
described) and there-  chemical or nuclear apparatus producing.
beyond tapering in section down to the bottom  strongly exothermic
reactions.              15 of the groove. The cross-sectional width f of
such inlet recesses should be large enough to    WHAT WE CLAIM  IS:-
80        enable the liquid to flow in against the out-   1. Evaporative
cooling system  comprising                  ward flow of steam 10; the
general flow path  a wall of heat-conductive material having one
of the incoming liquid is indicated by the  side exposed to a source of
heat to be dis-              20  arrows.
sipated and its opposite side exposed to a                    In the
modification of Fig. 8, the grooves  vaporizable liquid wherein said
opposite side  85                  are formed with enlargements 19 defining
of the wall is formed with a series of ribs                  cylindrical
ducts extending the length of the  defining therebetween  spaced grooves
and                  grooves and facilitating the intake of liquid  wherein
said ribs and grooves are so dimen-              25  as earlier indicated.
The ducts 19 may, as  sioned as to verify substantially the relations
shown, be alternately offset as between adja-                  cent grooves
to avoid weakening the inter-             [err]                  vening
ridges excessively; however, they are                  preferably
positioned so as to communicate              30 generally with the boiling
region in each of wherein [err] represents the average transverse
the grooves.                                width of a groove, b represents
the depth of                    According  to  the  further modification  a
groove, a the average transverse width of a                  shown in Fig.
9, the inter-groove ribs 3 are  solid rib defined between adjacent grooves,
c                  in turn capped with heat-dissipating struc- the heat
conductivity of the wall material 95              35  tures of generally
similar character to the  and m a numerical coefficient within the range
main structures, including secondary grooves  from 0.7 to 1.8 when a,b and
d are expressed                  4b defined between secondary ridges 3b. In
centimetres and c in watts transmitted heat                  Desirably, the
dimensioning of the secondary  per centimetre and per degree centigrade.
grooves and ribs is in accordance with the 2. System according to claim 1,
wherein l00              40 same mathematical relations described herein
the groove dimensions further verify the rela-                  in
connection with the primary structures 3  tions                  and 4. The
provision of the secondary struc-        [err]                  tures
increases the surface contact area with                  the fluid and
improves the local cooling of              45  the tips 20 of the main ribs
3, thereby further    3. System  according to claim  1 or 2,
increasing the stability of the temperature  wherein the numerical
coefficient m is within 105                   gradients, as described per
se in British patent the range of from  1 to 1.5.                   No.
940984. With this arrangement the liquid-    4. System according to any one
of the pre-                   vapour pattern of the system  is somewhat
ceding claims, wherein the groove depth b is              50  altered from
that shown in Figs. 3 and 4  greater than one half of the total wall thick-
earlier described, in that some local boiling  ness.
110                   of the liquid will usually occur at the tips  5.
System according to any one of the pre-                   20 of the main
ribs. It is found that with  ceding claims, wherein said opposite face of
this arrangement the overall performance of said wall is formed with
additional spaced              55  the heat-dissipating system can be
further in-  grooves arranged at an angle of substantially
creased without danger of burn-out.         90[err], to said first grooves.
115                     Evaporative  cooling  systems  employing    6.
System as claimed in claim 5, in which                   heat-dissipating
structures  constructed  in  said  additional grooves  have  dimensions
accordance with the present invention have  according to the relations of
claim 1 or 2.               60  made it possible to use rates of heat
dissipa-    7. System according to any one of the pre-
tion of the order of one kilowatt per square  ceding claims, including
inlets spaced along 120                   centimetre of heat surface in a
continuous  the length of the grooves for feeding liquid
manner, using as the cooling liquid water at into the grooves near the
bottom wall thereof.                   atmospheric pressure without forced
circula-    8. System according to any one of the pre-               65
tion, the general temperature of the water ceding claims, wherein the
grooves are formed    [err]           8     1,027,803        with
longitudinally extending enlargements in  claim wherein the grooves are
parallel to each       an area near the bottom wall thereof.       other.
9. System according to any one of the pre-    12. Evaporative cooling
system substantially  15       ceding claims, wherein the ribs defined be-
as described in the specification with reference   5  tween the grooves are
provided along their to, and as illustrated in Figure 2, Figure 5,
outer surfaces with extensions defining second-  Figure 6, Figure 7, Figure
8 or Figure 9 of       ary spaced grooves essentially parallel to said  the
accompanying drawings.       first mentioned grooves.         10. System as
claimed in claim 9, in which          BARON & WARREN,   10  the secondary
grooves have dimensions accord-         16, Kensington Square,       ing to
the relations of claim 1 or 2.                      London, W.8.,
11. System  according to any preceding             Chartered Patent Agents.
Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier
Press.-1966. Published at The Patent Office. 25, Southampton Buildings,
London, W-C.2. from which copies may be obtained.    


