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(57) ABSTRACT 
A heat exchanger is composed of vertical tubes of cus 
pate, symmetrical aerofoil section. The chords are 
parallel to the air flow. The tubes are in parallel rows 
that interpenetrate so that each tube forms parallel 
sided passages with two tubes leading it. The ratio of 
width to length of these passages is between 0.3 and 
1.0. The tubes are spaced apart at various levels by 
means of inclined spacers. At the top of the tubes 
water may be fed around them from a launder via a 
system of spacers. The spacers lower down serve to 
redistribute the water running down the flanks of the 
tubes. At the base there is an inclined platform on 
which the water is collected and fed to a launder. This 
water may be recirculated with additions to replace 
water lost by evaporation. 

13 Claims, 6 Drawing Figures 
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HEAT EXCHANGERS 

This invention relates to heat exchangers of the type 
comprising a multiplicity of tubes extending between 
tube sheets for a first fluid (usually a liquid such as wa 
ter) to flow in the tubes and a second fluid (usually a 
gas and mainly air) to flow in a direction normal to an 
aperture plane, the tubes being in a plurality of rows 
parallel to the aperture plane and parallel to one an 
other. The present invention is particularly concerned 
with heat exchangers that are suitable for use in natural 
draught cooling towers as are used in major power gen 
erating installations. 

In these latter installations so-called 'dry cooling" is 
being experimented with on a large scale. As far as the 
applicant is aware these experiments involve using heat 
exchangers of conventional type in which the tubes are 
provided with a type of extended surface composed of 
fins in a plane which is substantially normal to the axis 
of the tubes. It should be noted that various shapes 
have been proposed for these finned tubes including 
circular, oval, elliptical, and aerofoil section. 
Heat exchangers of the above described type have 

various disadvantages particularly when applied to nat 
ural draught cooling towers where the draught avail 
able to overcome resistances in the system is from the 
limited levitation effect of the heated air passing up the 
to Wer. 

Existing types of heat exchangers using finned tubes 
are expensive to manufacture. Furthermore they are 
difficult and expensive to assemble due to the presence 
of the fins. Apart from this it has been found that the 
presence of the fins adversely affects a factor known as 
the "pressure drop efficiency factor' for various rea 
sons among which are: 

a. the presence of any practical form of fin prevents 
optimum spaced relationship between the tubes 
themselves, and 

b. these fins lead to a temperature drop caused by the 
heat flow along the fins which may be worsened by 
the resistance of the joint between the fin and the 
tubes, this temperature drop reducing the overall 
heat transfer coefficient and thus the pressure drop 
efficiency factor. 

An object of the invention is to provide a heat ex 
changer with an improved pressure drop efficiency fac 
tor compared to that of existing types of heat ex 
changer. 
According to the invention a heat exchanger com 

prising a multiplicity of tubes extending between tube 
sheets for a first fluid to flow in the tubes and a second 
fluid to flow past the tubes in a direction normal to an 
aperture plane, the tubes being in a plurality of rows 
parallel to the aperture plane and parallel to one an 
other, is characterised in that each tube is of a symmet 
rical aerofoil section with a cuspate trailing edge and 
with its chord plane normal to the aperture plane and 
being formed within a continuous aerofoil shape from 
end to end so that there are no heat transfer surfaces 
extending into the path of the second fluid, and in that 
the tubes are shaped and rows of tubes are so posi 
tioned that the nose of a tube in a trailing row of tubes 
intercallates between the trailing edges of pairs of tubes 
in the leading row so that between adjacent trailing and 
leading tubes a passage of substantially constant width 
along their lengths in the direction of flow of the sec 
ond fluid are formed. 
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2 
The term "aerofoil section' when used in this specifi 

cation and in the claims means a streamlined body with 
a rounded nose and concave flanks converging to the 
cuspate trailing edge. In other words it is of elongated 
tear drop shape. 
The invention further provides that the tubes are so 

shaped and positioned that any passage formed where 
two adjacent tubes are at their closest to one another 
has a ratio of width between the tubes and length in the 
direction of flow of the second fluid of between 0.3 and 
O. 
The invention thus far outlined leads to an improved 

pressure drop efficiency factor and is concerned with 
the sensible heat transfer between the fluid in the tube 
and the gas flowing past. 

It has already been proposed to augment the sensible 
heat transfer with a proportion of latent heat or mass 
transfer. In these proposals water is sprayed into the air 
stream entering the heat exchanger or poured or 
sprayed into the heat exchanger. In the former case the 
water should be of boiler quality to avoid the risk of de 
positing scale on the heat exchange surfaces. Further 
more if water is sprayed or poured into the heat ex 
changer, the water tends to form a meniscus between 
closely spaced fins which interferes with the flow of air. 

In the heat exchanger of the invention such augment 
ing is achieved by arranging the planes of symmetry of 
the tubes to be substantially vertical and providing 
means for applying a liquid to the top of the exterior 
surfaces of the tubes for a continuous film of the liquid 
to form at least on the flanks of each tube. 
Further according to the invention the heat ex 

changer includes a series of spacers extending along 
rows of tubes, the spacers in plan forming a continuous 
surface but being stepped in elevation and inclined 
against the flow of the second fluid, and including a liq 
uid feeding device to feed liquid evenly on to the top 
of the top spacer. 

Preferably the spacers run parallel to the aperture 
plane and the top spacer is at the rear of the heat ex 
changer. 
The heat exchanger further includes a channel paral 

lel to the top spacer, an overflow weir along one edge 
of the channel and an apron from the weir to the top 
spacer. Series of these spacers are also positioned at 
suitable intervals down the lengths of the tubes to effect 
redistribution of liquid running down the tubes. 
Since there is a continuous film the purity of the 

water used is not of any great concern. In addition the 
film of water does not interfere with the overall per 
formance of the heat exchanger to any significant ex 
tent. But the latent heat of evaporation is used to a con 
siderable extent to cool the fluid flowing in the tubes. 
The invention is further discussed with reference to 

the accompanying drawings, in which: 
FIG. 1 is a vertical section through the top of a heat 

exchanger according to the invention, 
FIG. 2 is a similar view further down the heat ex 

changer, 
FIG. 3 is again a similar view of the heat exchanger 

just above the bottom tube sheet, 
FIG. 4 is a plan view on the line 4-4 of FIG. 1, 
FIG. 5 is an enlarged view of an alternative to FIG. 

4 with components left out, and 
FIG. 6 is a fragmentary view of a form of heat ex 

changer tube. 
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FIG. 1 is a section through the top tube sheet of a 
heat exchanger and should be read in conjunction with 
FIG. 4. First there are a plurality of tubes 7 of which a 
large number are shown in FIG. 4 while for the sake of 
clarity only two appear in FIGS. 1 to 3. 
The tubes 7 are of symmetrical aerofoil section with 

cuspate trailing edges, i.e. the trailing edges are as close 
to knife edges as is practicable. More will be said later 
on with reference to FIG. 5 about the tubes 7 and their 
arrangement. For the moment it is to be noted that they 
are placed in a number of rows and that in the illus 
trated example there are six Tows. Depending on the 
circumstances there could be a larger or a lesser num 
ber of rows. - 

Each tube is positioned with its plane of symmetry or 
the chord plane of its aerofoil section in the direction 
of air flow. The plane of symmetry is thus at right an 
gles to the aperture plane of the heat exchanger. The 
arrow A indicates the direction of air flow. 
The tubes 7 extend between tube sheets at the top 

and the bottom. Each tube sheet is the inverse of the 
other except for a difference to be pointed out later on. 
The top tube sheet is illustrated in FIGS. 1 and 4 while 
part of the lower tube sheet is illustrated in FIG. 3. 
The ends of the tubes 7 are assembled with the aid of 

strips cut from stiff extruded sheets of plastics. As can 
he seen from FIG. 4 there are three kinds of strips 8, 
9 and 10. The strips are extruded in a direction normal 
to the paper in FIG. 4 and cut to provide strips as 
shown in F.G. 1. The strips 8 are formed to accommo 
date the noses of leading tubes, the strips 9 accommo 
date at one side the tails of the tubes and at the other 
side the noses of the tubes, while the strips 10 accom 
modate the cusps of the trailing row of tubes. 
There are two layers of these strips in each tube sheet 

and the layers are spaced apart to provide a space that 
accommodates tie bolts 12 and reinforcing rods 13 
(FIG. 4). After assembly the space is filled with a suit 
able self-setting grout or mortar 14 such as an epoxy 
concrete (FIG. 1). 
The top layer of strips is covered with a neoprene seal 

15 (FIG. 1). 
The tube sheet is covered with a water box 16 having 

a suitable fluid connection. 
Just below the top tube sheet there are a series of 

spacer strips similar to those in the tube sheet, but with 
inclined top surfaces. The spacer strips 20-26 are 
placed at suitably stepped vertical intervals. A feed 
trough 17 with an apron 18 leads water on to the top 
strip 20. The water cascades down until the strip 26 is 
reached. The latter has a slope opposite to the other 
strips. The strips 20-26 are spaced vertically so as to 
allow water to escape between them in the direction of 
the air current. Thus films of water are caused to gravi 
tate down the flanks of the tubes 7. Secondary tie rode 
19 between strong backs 27 and an angle iron 28 serve 
to clamp the assembly together. 

It is contemplated that a heat exchanger of the inven 
tion will in practice be as tall as 15 metres. In order to 
effect redistribution of water that gravitates down and 
is forced to the right in FIG. 1 by the air flow, addi 
tional spacers 30 are provided at intervals of 1.75 me 
tres or so down the heat exchanger. At the same time 
further secondary tie rods 19 and strong backs 27 are 
provided in the zone of these redistribution spacers 30. 
Such a zone is illustrated in FIG. 2. 
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4. 
In the bottom tube plate (which is the inverse of the 

top one) the top row of strips are cut to form an in 
clined surface as shown in FIG. 3. In this Figure the in 
clined strips have been marked 31. At the rear the in 
clined surface leads to the lip 32 of a gutter 33. 
The heat exchanger thus far described can be used 

for sensible heat transfer when required and when this 
has to be augmented by latent heat of evaporation, 
water is fed into the trough 17 and to such an extent 
that water is continuously flowing down all the tubes 7 
and collected in the gutter 33. The water thus collected 
can be recirculated after making up losses due to evap 
oration. 
The configuration and arrangement of the tubes 7 is 

shown in greater detail in FIG. 5 which is approxi 
mately full scale, the chord length of the tubes being 
about 37.5 mm. In practice this chord length can vary 
between 25 mm and 75 mm. The fineness ratio of the 
tubes as illustrated is at the optimum of about 4:1. A 
greater fineness ratio of up to 6:1 will work, but then 
the liquid capacity of the system may suffer. Smaller 
ratios up to 2:1 can be used, but then the resistance to 
air flow becomes bigger. 
A convenient arrangement of the tubes 7 to stagger 

them in rows so that the chord planes of one row is mid 
way between the chord planes in another row as shown 
in FIG. 4. However, for a given population density of 
tubes 7 the cusps and noses of tubes that are in line will 
in many practical cases be so close together that the 
boundary layer from the one will slip on to the other 
behind it without mixing with the balance of the air 
Strean. 
The preferred arrangement is elucidated in FIG. S. 

As a spacing module x half the maximum tube thick 
ness has been chosen. In a row the tubes are spaced lat 
erally apart by three modules or their chord planes by 
five modules. The next row partly penetrates the row 
leading it and is staggered so that each tube chord 
plane is two modules from the chord plane leading it on 
the right and three chord planes from the chord plane 
of the tube leading it on the left. In the result every 
sixth row is a repeat of another row. 

In this embodiment the cold air stream entering be 
tween a pair of leading tubes can be considered as com 
posed of three layers as illustrated in the top part of 
FIG. 5. The three layers are shown separated by dotted 
lines and have been marked 41, 42 and 43. A point at 
the interface between any pair of layers moves more 
than a row spacing before it comes on to the surface of 
a trailing tube. Thus there is a considerable chance of 
mixing between the two air streams and particularly 
that heat taken up by a boundary layer coming off a 
tube will be dissipated into the two air streams to either 
side of it before it again becomes a boundary layer. In 
the embodiment of FIG. 4 a boundary layer slips across 
a small gap behind a cusp before it again becomes a 
boundary layer. 

In the direction of air flow each tube penetrates be 
tween pairs of tubes leading it to such an extent that the 
passages formed have ratios of width to length of 0.3 to 
1.0. In FIG. 5 the dimensions “d 'l' are given. The 
ratio d. 1 is about 0.3 in the case of the narrower pas 
sages and less than 1.0 in the case of the wider pas 
sages. In FIG. 4 the passages are all of the same width 
and the ratio of d. 1 is about 1.0. 
Furthermore the aerofoil sections are so chosen that 

these passages are of substantially constant width along 
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their lengths. In the example of FIG. 5 this means a 
spacing in the direction of air flow of 25 mm from 
chord centre to chord centre when the chord length is 
37.5 mm. 
The wide passages in FIG. 5 are all in line but 

obliquely to the direction of air flow. In the tubes sheets 
they provide accommodation for the reinforcing rods 
13. 
The tubes illustrated in FIGS. 1 to 5 all have smooth 

sides so that sections taken at any horizontal plane will 
be the same. If certain thin gauges of sheet metal are 
used in making them, they may not be strong enough. 
In such a case the expedient shown in FIG. 6 may be 
used. Here the flanks of a tube 7 are formed with a se 
ries of indentations 40 along its length. The indenta 
tions all lie, within the original aerofoil section and 
there are no air side protrusions beyond that section. 

It will be seen that the heat exchanger of the inven 
tion is simple to manufacture and easy to assemble. It 
is expected to be considerably cheaper than conven 
tional heat exchangers of comparable size for the same 
duty. 
The absence of any form of fin allows for the attain 

ment of an optimum spaced relationship between the 
tubes. There is no temperature drop of the kind associ 
ated with fins. The form drag of the whole system has 
been made as low as practicable. The heat exchanger 
has an improved overall pressure drop efficiency factor 
compared to finned types of heat exchangers. The heat 
exchange tubes may be made from relatively inexpen 
sive material of high strength and low thermal conduc 
tivity such as corrosion resistant alloy steel. 

I claim: 
1. A heat exchanger comprising a multiplicity of 

tubes extending between tube sheets for a first fluid to 
flow in the tubes and a second fluid to flow past the 
tubes in a direction normal to an aperture plane, and 
in which: 

a. the tubes are in a plurality of rows parallel to the 
aperture plane and parallel to one another; 

b. each tube is of a symmetrical aerofoil section with 
a cuspate trailing edge, with its chord plane normal 
to the aperture plane, is formed within a continu 
ous aerofoil shape from end to end so that there are 
no heat transfer surfaces extending into the path of 
the second fluid, and has a fineness ratio between 
6:1 and 2: ; 

c. the tubes are so shaped and rows of tubes are so 
positioned that the nose of a tube in a trailing row 
of tubes intercallates between the trailing edges of 
pairs of tubes in the leading row so that between 
adjacent trailing and leading tubes passages of Sub 
stantially constant width along their lengths in the 
direction of flow of the second fluid are formed: 
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6 
d. each row is off-set with respect to the row leading 

it to such an extent that the constant width passage 
to one side of a tube is substantially twice the width 
of the constant width passage to the other side of 
t 

2. The heat exchanger claimed in claim 1 in which 
the tubes are so shaped and positioned that any passage 
formed where two adjacent tubes are at their closest to 
one another has a ratio of width between the tubes and 
length in the direction of flow of the second fluid of be 
tween 0.3 and l.0. 

3. The heat exchanger claimed in claim 1 in which 
the fineness ratio is of the order of 4:1. 
4. The heat exchanger claimed in claim 1 in which 

the chord length of the aerofoil section is between 25 
and 75 mm. 

5. The heat exchanger claimed in claim 1 in which 
each tube is made of sheet metal bent to form the aero 
foil shape. 

6. The heat exchanger claimed in claim 1 in which 
each tube sheet is composed of a series of parallel slats 
parallel to the tube rows and formed with cut-outs to 
fit around the tubes and a layer of concrete surround 
ing the tube ends passing through the slats, 

7. The heat exchanger claimed in claim 6 in which 
there are two layers of slats with the layer of concrete 
between them. 

8. The heat exchanger claimed in claim 1 in which 
the tube flanks are indented in the direction of flow of 
the second fluid to strengthen them. 

9. The heat exchanger claimed in claim 1 in which 
the planes of symmetry of the tubes are vertical and the 
second fluid is a gas, including means for applying a liq 
uid to the top of the exterior surfaces of the tubes for 
a continuous film of the liquid to form at least on the 
flanks of each tube. 

10. The heat exchanger claimed in claim 9 including 
a series of spacers extending along rows of tubes, the 
spacers in plan forming a continuous surface but being 
stepped in elevation and inclined against the flow of the 
second fluid, and including a liquid feeding device to 
feed liquid evenly on to the top of the top spacer. 

11. The heat exchanger claimed in claim 10 in which 
the spacers run parallel to the aperture plane and the 
top spacer is at the rear of the heat exchanger. 

12. The heat exchanger claimed in claim 11 including 
a channel parallel to the top spacer, an overflow weir 
along one edge of the channel and an apron from the 
weir to the top spacer. 

13. The heat exchanger claimed in claim 12 including 
series of spacers positioned at suitable intervals down 
the lengths of the tubes to effect redistribution of liquid 
running down the tubes. 
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