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The present invention relates to novel means for wetting 
surfaces with a liquid having wetting characteristics. 

In the illustrative embodiment of the invention, to be 
described in detail hereinbelow, the invention is shown 
as being applied to heat transfer apparatus, and more 
particularly to the wetting with refrigerant of the evapo 
rator tubes in an evaporator cooling unit used in con 
junction with a refrigeration apparatus. While the in 
vention is particularly suitable for this purpose it will 
be appreciated that it may be used for other purposes 
where it is important to obtain the complete wetting of 
tubular surfaces. 
As is well known, refrigerating apparatuses, as for ex 

ample an absorption refrigerator, serve to cool whatever 
place is desired by removing heat from a heat transfer 
medium which circulates through the place to be cooled. 
One means for removing heat from a heat transfer medi 
um, which may, for example, be water, is an evaporator 
cooling unit. Conventionally, such a cooling unit usually 
comprises a plurality of interconnected evaporator tubes 
horizontally disposed within the unit in vertical and hori 
zontal rows. Cooling ?uid or refrigerant often, but not 
necessarily, water, is allowed to ?ow or drip over the 
evaporator tubes, by means of drippers disposed above the 
uppermost tube in each vertical row, to cool the water 
or other suitable heat transfer medium being pumped 
through the tubes. Through the evaporation of the low 
temperature refrigerant or cooling liquid disposed on the 
outside surfaces of the tubes, heat is removed from the 
heat transfer medium Within the tubes in an amount pro 
portional to the total heat of vaporization absorbed by 
the cooling liquid as it is evaporated. 

In order to achieve the maximum cooling e?iciency of 
the evaporator cooling unit, it is necessary to keep the 
entire surface of the evaporator tubes wet with the cool 
ing liquid at all times. To date, one method of doing 
this is by ?rst distributing the cooling liquid evenly over 
the top rows of evaporator tubes, then providing drippers 
on each of the tubes so that an even distribution of water 
is maintained down the depth of the unit from each tube 
to the next tube therebe'neath, and then providing capillary 
grooves on the surfaces of all of the tubes so that the 
cooling liquid will spread about the circumference of the 
tubes. 

While this method has been found to be generally satis 
factory, the present invention greatly increases the effi 
ciency of it. The primary disadvantage of the normal 
capillary-grooved tube is that the cooling liquid does not 
spread out longitudinally along the tube from one groove 
to another, but simply spreads around the tube in the 
groove or grooves in which the drop of liquid was origi 
nally received. This, of course, means that a very large 
number of drippers are necessary if it is desired to wet 
the entire surface of the tube and all of the grooves. 
Furthermore, if in the conventional unit drippers are not 
provided on each tube, the dripping from each tube to 
the next tube below it will be random in nature and will 
not necessarily provide an even distribution of cooling 
liquid thereto.v 
The fact that conventional evaporator units to be effi 

cient must be provided with a very large number of drip 
pers, means that they necessarily must be quite compli 
cated, and consequently quite expensive. The large num 
ber of drippers is necessitated by the fact that the con 
ventional capillary-grooved evaporator tube cannot spread 
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the cooling liquid longitudinally along the tube to grooves 
not in the path of one of the drippers. Since most pres 
ently known drippers are in the form of special devices 
themselves, the providing of all the evaporator tubes with 
such devices, in order to wet lower tubes, represents a 
substantial cost and renders the unit quite complicated. 

1It is therefore a primary object of the present inven 
tion to provide a highly e?icient means for wetting sur 
faces, particularly adapted to application with respect to 
evaporator tubes for use within an evaporator cooling 
unit, wherein the entire surface of each of the tubes is 
completely wetted by the cooling liquid, even though it 
be supplied to a single point on the surface of each of the 
tubes. 

‘It is a further object of the present invention to provide 
a wetting means for evaporator tuba adapted for use in 
an evaporator cool-ing unit, wherein the entire surface of 
all the evaporator tubes in the unit may be wetted using 
a minimum number of drippers. 

It is yet another object of the present invention to pro 
vide wetting means for an evaporator tube wherein it is 
possible to completely wet the entire surface of the tube 
by supplying a cooling liquid at only one point on the 
surface thereof, and wherein there is provided extremely 
simple means for establishing drip points on the tube, 
if desired, without effecting the wetting efficiency thereof. 

It is a further object of the present invention to pro 
vide an evaporator tube having practical, economical and 
extremely simple means for forming drip points on the 
tube itself. 

It is yet a further object of the present invention to 
provide an evaporator tube having simple means for caus 
ing cooling liquid dropped on one end of the tube to ?ow 
the full length of the tube to thereby wet the entire surface 
of the tube. 
These and other objects of the present invention will 

become apparent from consideration of the following 
speci?cation taken in connection with the accompanying 
drawings in which I have shown two embodiments of my 
invention by way of example, and wherein: 
FIGURE 1 is a side elevational view of a portion of an 

evaporator tube embodying the principles of the present 
invention; 
FIGURE 2 is an enlarged transverse sectional view 

taken along line 2—2 of FIGURE 1; 
FIGURE 3 is an enlarged transverse sectional view 

taken along line 3—3 of FIGURE 1; . 
FIGURE 4 is an enlarged partial sectional view of part 

of the evaporator tube shown in FIGURE 1; and 
FIGURE 5 is a side elevational view partly in section 

of a second embodiment of an evaporator tube embody 
ing the principle of the present invention. 

Referring more particularly to the drawings, there is 
shown in FIGURES 1 through 4 a portion of an evapora 
tor tube, designated generally at 10, embodying the prin 
ciples of the present invention. The outer surface of 
evaporator tube It) is provided with a plurality of hel 
ically disposed ?ns 12. As will be understood, these 
?ns 12 are provided on the surface portion of the tube 
16* which is intended to be exposed to the cooling liquid. 
The ?ns 12 are very closely spaced and de?ne helically 
disposed capillary grooves 14 therebetween, as can be 
seen. 
As is well known in the art, it is desirable to provide 

the tube with as many capillary grooves as is possible, in 
order to maximize the cooling e?iciency of the evapora 
tor tube. This, of course, means that the grooves should 
be disposed as close to each other as is possible. In the 
preferred embodiment shown in FIGURES 1 through 4 
the ?ns 12 and capillary grooves 14 are disposed in a 
helical con?guration, however, it should be noted that 
there may be provided any number of continuous single 
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capillary grooves 14 as is desired, depending upon the 
pitch of the helix and the width of the grooves. 
The ?ns 12 may be formed integrally with the tube 

10, as is shown, or may be provided in the form of sep 
arate ?n members which are secured to the tube 10 in 
any conventional manner, as for example by soldering or 
welding. There are a number of ways in which the 
grooves 14 and ?ns 12 may ‘be integrally formed about 
the circumference of the tube 10. For example, they 
may be formed by means of rolling, wherein a rolling 
tool is forced against the side of the tube 10‘ as it is 
rotating to thus form the grooves 14 by actually dis 
placing the surface material of the tube 10 into ?n forma 
tions, having grooves de?ned therebetween. This roll 
ing technique as applied to forming capillary grooves in 
evaporator tubes is disclosed in US. Patent No. 2,645,954, 
issued July 21, 1953. Alternately, the capillary grooves 
14 and ?ns 12 may be formed by means of a cutting 
process, as by means of a lathe or other similar machine. 
The spacing between the ?ns 12 depends upon the 

diameter of the tube on which they are formed, but, in 
any case, it is important that they be close enough to 
gether that the spacing between any two adjacent ?ns 
can pull water by capillary action" from the bottom of 
the tube to the top of the tube, when the tube is dis 
posed in a horizontal position. As will be understood, 
the larger the tube the closer the ?n spacing must be in 
order to pull the cooling liquid the greater distance. Thus, 
any water or other cooling liquid which comes into the 
contact with the tube will, by means of grooves 14, be 
pulled around the entire circumference of the tube at 
that point. 

While the ?ns 12 of the preferred embodiment are 
disposed in a helical con?guration, this is not essential, 
and, if desired, they may be disposed in a circumferential 
plane perpendicular to the longitudinal axis of the tube, 
as is shown at 12’ in FIGURE 5. In addition, it is not 
essential that the grooves be V-shaped as illustrated in 
FIGURES 1 through 4, but they may be of a rectangular 
shape, as indicated at 114' in FIGURE 5. The operating 
characteristics of the present evaporator tube, as will be 
described hereinafter, will not be aifected in any way by 
manufacturing the evaporator tube in accordance with 
FIGURE 5, rather than in accordance with FIGURES 1 
through 4. As will be apparent, the modi?ed evaporator 
tube design shown in FIGURE 5 may be manufactured 
in the same manner as the embodiment shown in FIG 
URES 1 through 4, set forth above. 

In addition to grooves \14 and ?ns 12, the tube 10 is 
provided with a longitudinally disposed groove 16. The 
groove 16 is formed of a depth substantially equal to 
the depth of groove 14 and, as illustrated, is disposed on 
the lower edge of tube 10. 
The purpose of the longitudinal groove 16 is very im 

portant and is as follows. When water or other cooling 
liquid drips onto the upper surface of tube 10 is is pulled 
around the entire circumference of the tube by capillary 
grooves 14. In the absence of a longitudinal groove, 
if water is allowed to drip on a tube of this type it will 
?ll only the grooves into which it is allowed to drip. 
However, when a longitudinal groove is provided at 
the bottom of the tube it will serve to carry the water 
or cooling liquid from one capillary groove 14 to the 
next adjacent one ‘and so on the full length of the tube 
10. Therefore, water dripping onto the tube at any single 
point is carried around the tube at that point by the 
capillary grooves 14 and into longitudinal groove 16, at 
the bottom of the tube. The longitudinal groove 16 
carries the liquid the full length of the tube 110‘ and into 
all of the remaining circumferential grooves 14, where 
upon these remaining unwetted capillary grooves 14 pull 
the liquid from longitudinal groove 16 around the tube 
v10 to therefore wet it in its entirety. Once the tube has 
been completely wetted, excess cooling liquidv supplied 
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4 
to the surface thereof simply drips down to the next 
adjacent tube to wet and thereby cool it. Since with this 
longitudinal groove 16 the tube 16‘ can be completely 
wetted by applying refrigerant at only one dripping point, 
distribution of the cooling liquid or refrigerant at the 
top of the tube becomes less critical. Therefore, it is 
not essential that drippers be provided on the tube, since 
other lower tubes in the cooling unit will be wetted com 
pletely regardless of the point from which the excess 
liquid on the next upper tube drips. 
The longitudinal groove 16 is preferably located at 

the bottom of the tube 10, but it will function, as de 
scribed above, at other positions around the circumfer 
ence of the tube. The one consideration which is im 
portant if the groove 16 is to be moved from the bottom 
of tube 10, is that it be made narrower the closer it gets 
to the top of tube 10. Thus, if it is disposed at the very 
top of tube 10 it must be quite narrow, otherwise the 
weight of the water disposed therein would tend to cause 
it to flow out of the groove and around the tube to the 
bottom thereof. The groove 16 may be formed in any 
conventional manner, as by milling or broading. 

In the embodiment illustrated, the evaporator tube 10 
is also provided with a plurality of indentations 18 at the 
lower edge thereof, centered in longitudinal groove 16. 
The purpose of indentations 18 is to de?ne de?nite drip 
ping positions on the tube 10‘, whereby water, in excess 
of that needed to ?ll all grooves 14, dropped onto the 
tube will drip therefrom at predetermined points to the 
next evaporator tube disposed therebelow, to thereby 
cool it. The indentations 18 ‘also prevent excess water or 
liquid from ?owing longitudinally through groove 16 the 
full length of the tube 10 and out the end of the evapora 
tor unit if the tubes are not disposed in a level position. 

In the conventional type of evaporator unit in which 
evaporator tube 10 is to be used, there are usually pro 
vided within the unit a plurality of such tubes, all in com 
munication and disposed one above the other. The 
uppermost tube receives the refrigerant or cooling liquid 
from drippers located at the top of the unit which are 
supplied with the cooling liquid. The liquid received 
from the drippers, of which there need be very few with 
the present invention, then flows through grooves 14 and 
longitudinal groove 16 to cover the entire tube within the 
unit. Excess water from this uppermost tube then drips 
onto the next lower tube, from the indentations 18, if 
they are provided, and so on until all the tubes in the 
evaporator unit are fully wetted. It should be noted that 
the indentations 18 are not essential to the operation of 
the cooler unit since the tubes will be fully wetted even 
though dripped on from only one point. However, they 
do make possible a more even distribution of the liquid 
on each tube in a quicker manner, and also eliminate the 
necessity for making sure that all of the tubes are level. 
As can be seen in FIGURE 3, indentations 18 mash 

somewhat the longitudinal grooves 16 so as to restrict it, 
as indicated at 20. This restriction 20, as well as the 
fact that the liquid has an uphill path into the indenta 
tions, are instrumental in establishing the de?nite drip 
ping points. As shown in FIGURE 2, the indentations 
18 do not materially restrict the ?ow of ?uid through the 
interior 22 of the tube. It should be apparent that if 
the longitudinal groove 16 is disposed on the tube 10 at 
a position other than at the bottom thereof, indentations 
18 would probably not be ‘feasible. In any case, as men 
tioned above, they are not essential to the operation of 
the present evaporator tube. 

In one actual working model of the embodiment of the 
evaporator tube illustrated, the material used consisted 
of copper tubing, type DI-IP, B75 hard temper. The 
copper tubing was .585 inch in outside diameter, was .082 
inch thick, and was 33% inches long. The grooves pro 
vided thereon were of the V-type, having an included 
angle in- the range of 25° to 45°, and were provided 40 to 
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the inch the entire length of the tube. The grooves were 
.013 inch deep. The longitudinal groove 16 was located 
at the bottom of the tube and was .0625 inch wide and 
.013 inch deep. The indentations 18 were provided at 
the bottom of the tube, centrally disposed on longitu 
dinal groove 16, and each had a radius of 1%; inch, 
measured from a center disposed in the plane of the sur 
face of the tube. The indentations 18 were disposed 
equally spaced upon the tube and were located every 
35/16 inches along the tube starting '/e inch from the end 
thereof. 

These dimensions are disclosed as being exemplary of 
one possible embodiment of a practical device, here an 
evaporator tube, which embodys the principles of the 
present invention. 

While the exemplary embodiment described and illus 
trated relates to my novel wetting means in conjunction 
with an evaporator unit, it will be understood by those 
skilled in the art that it is ideally suited to use with many 
other types of apparatus. For example, it may be applied 
to the surfaces of the cooling tubes in a conventional ab 
sorber unit, such as the type forming a part of an absorp 
tion refrigerating apparatus. In such a unit it is desirable 
to spread out the absorbing ?uid as much as possible to 
present a maximum surface area of the absorbing ?uid to 
the surrounding substance to be absorbed. Since the 
absorption reaction is usually exothermic the absorbing 
?uid is usually disposed on the surface of tubes having a 
coolant ?owing therethrough; thus, the wetting means of 
the present invention is ideally suited to such an appli 
cation. 

Another apparatus in which the present wetting means 
may be used is a gas absorption apparatus, wherein a gas 
is to be absorbed by a liquid. Here, a member provided 
with the present wettting means is completely wetted with 
the liquid and then exposed to the gas to be absorbed. 
Since the wetting means serves to maximize the surface 
area of the absorbing liquid, maximum absorption effi 
ciency may be obtained. 

In any of the possible applications of the present in 
vention, it is not necessary that the outside .of a tubular 
surface be used. The invention is also ideally suited to 
the provision of wetting means on the inside of a tubular 
surface or member. In such an application the inside of 
a tube would be provided with a plurality of helical or 
circumferential capillary grooves, and a longitudinal 
groove substantially transverse thereto. Nor is it neces 
sary that the surface to be wetted even be tubular. For 
example, a ?at surface may be easily wetted in its en 
tirety from a single point supply of liquid by providing it 
with a plurality of substantially parallel grooves, and an 
other groove generally transverse thereto to distribute 
the liquid from the capillary grooves having liquid to all 
of the remaining ones. If the ?at surface is to be hori 
zontally disposed, a transverse groove may be provided 
at each end of the surface, or if to be inclined, near the 
lower end thereof with the capillary grooves disposed 
thereon in a generally vertical direction. In all such 
applications the principle of operation of the wetting 
means is the same as that of the exemplary embodiment 
shown and described. 

In any case, it will be understood by those skilled in 
the art that the speci?c details of construction and ar 
rangement of elements, as described, are by way of ex 
ample only and are not to be construed as limiting the 
scope of the invention. Since the invention relates to 
any of the numerous applications wherein it is desirable 
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to maximize the surface area of a liquid and/or com 
pletely wet the surface of a given member, I, therefore, 
do not wish to be limited to the precise details set forth 
and intend that the invention embody all such features 
and modi?cations as are Within the scope of the appended 
claims. 
Having thus described my invention, what I claim as 

new and desire to secure by Letters Patent is: 
1. Means for wetting a surface with a liquid, com 

prising: means de?ning a surface adapted to be wetted; a 
plurality of capillary grooves disposed on said surface, 
each of said capillary grooves extending in substantially _ 
the same direction thereon; and groove means disposed on 
said surface transverse to said capillary grooves, whereby 
liquid supplied to said surface will be carried by capillary 
action the length .of the capillary grooves into which it 
was supplied and into said transverse groove means, to be 
carried thereby to the remaining capillary grooves which 
will in turn carry the liquid by capillary action to wet the 
entire area of said surface provided with said grooves. 

2. Means for wetting as claimed in claim 1, wherein 
said transverse groove means and said capillary gropves 
are of substantially equal depth. 

3. Means for wetting as claimed in claim 1, wherein 
said surface de?ning means is a tubular member, said 
capillary grooves are disposed around said tubular mem 
ber, and said transverse groove means is disposed parallel 
to the longitudinal axis of said tubular member. 

4. Means for wetting a tubular surface with liquid 
comprising: tube means; ?n means disposed about the 
outer surface of said tube means to de?ne capillary groove 
means associated with said tube means for maintaining 
the entire outer surface of said tube means wetted by a 
liquid; and means forming a part of said tube means 
for distributing liquid from a portion of said capillary 
means which has liquid to a portion of said capillary 
means which has insufficient liquid, whereby the entire 
surface of said tube means may always be evenly wetted. 

5. Means for wetting the outside of a tubular surface, 
comprising: tube means; ?n means disposed about the 
outer surface of said tube means to de?ne capillary groove 
means around said tube means for maintaining and carry 
ing a liquid on said tube means; and means de?ning a 
longitudinally disposed groove on said tube means for 
distributing liquid from a portion of said capillary means 
which has liquid to a portion which has insu?icient liquid, 
whereby the entire surface of said tube means having 
said capillary groove means may be covered with said 
liquid. 

6. Means as claimed in claim 5, wherein said longi— 
tudinal groove is of the same depth as said capillary 
groove means. 

7. Means as claimed in claim 5, wherein said capillary 
groove means comprises at least one helical groove about 
said tube means. 

8. Means as claimed in claim 5, wherein said longitu 
dinal groove is disposed at the bottom of said tube means. 
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