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This invention relates to heat exchangers, and 
particularly to heat exchangers of the type hav 
ing a plurality of plates therein over which liquid 
?ows and a forced draft of air or other gas is 
directed between the plates for cooling the liquid. 
An object of the invention is to provide a heat 

exchanger wherein the plates are formed and so 
arranged to increase the ef?ciency of operation of 
the heat exchanger. - 

Still another object of the invention is to pro 
vide a heat exchanger of the type referred to 
wherein the e?iciency of the heat exchanger is 
increased without causing any increase in the re 
sistance to the movement of gas under forced 
draft through the heat exchanger, and in fact 
reduce the horsepower consumed over known 
types of heat exchangers or cooling towers. 
Another object of the invention is to provide a 

' heat exchanger, or cooling tower, wherein a plu 
rality of sinuous plates are positioned that alter 
nate restricted and unrestricted vertical spatial 
volumes are provided by the spacing of the plates 
and alternate plates are o?set in a horizontal 
plane so that the undulations form alternate hori 
zontal chambers of increasing and decreasing 
area, to disturb or prevent any straight line ?ow 
of gas through the heat exchanger. 
Further objects and advantages will become ap 

parent from the drawings and the following de 
scription. 
In the drawings: 
Figure 1 is an end elevational view of a heat 

exchanger or cooling tower constructed in ac 
cordance with this invention, having an end wall 
plate removed to show the interior construction. 

Figure 2 is a cross-sectional view taken substan 
tially along line 2-2 of Figure 1. 

Figure 3 is a fragmentary view illustrating 
the contour and spacing arrangement of the sinu 
ous sheets used in the heat exchanger. 
The heat exchanger or cooling tower of this in 

vention is adapted to secure a high ratio of con 
tact between liquid and gas moving in counter 
?ow direction to obtain a, high e?iciency of heat 
transfer between the liquid and the gas. The 
cooling tower, or the heat exchanger, is adapted 
to secure this high ratio of contact while holding 
the resistance to ?ow of gas through the tower to 
a minimum amount, and reducing this resistance 
over that obtained in current practice. It is 

2 
therefore possible to increase the e?iciency of the 
cooling tower because the horsepower required to 
move the air through the tower is reduced, the 
amount of liquid cooled through a predetermined 
differential remaining the'sam'e as can be ob-' 
tained in current practice, or if the horsepower 
used is increased, the amount of liquid cooled can 
be increased over that obtained in current prac 
tice. 
This is accomplished by providing a large num 

ber of closely spaced corrugated sheets over which 
the liquid to be cooled flows in thin ?lms in coun 
ter-?ow direction to the movement of a draft of 
cooling air or gas between the sheets. The cor 
rugated sheets are provided with horizontally 
disposed undulations therein that form substan-' 
tially identical reversely curved surfaces on oppo 
site sides of a plane extending through the sheet 
substantially midway between the ridges formed 
by the undulations. The spaces between the 
sinuous sheets cause the gas ?owing therethrough 

' to ?ow in a sinuous path following the contour 
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of the undulations and also allow a free ?ow of 
gas between the same to reduce the resistance to 
?ow of the gas. Also, each alternate sheet is 
displaced vertically relative to the other sheets 
so that the ridges formed by the undulations in 
the alternate sheets are out of registry in a hori 
zontal plane with the other sheets, but the ridges 
of all of the alternate sheets are in common 
planar relationship as are the ridges of the other 
sheets. 
The arrangement of the sinuous sheets having 

uniformly undulated surfaces therefore provides 
chambers between the sheets that alternately in 
crease and decrease in area to produce a turbu 
lence in the gas ?owing between the sheets with 
out increasing the resistance to ?ow of the‘gas 
and for intimately contacting the liquid ?lm on 
the surface of the sheets and thereby increase 
the e?iciency of operation of the heat exchanger. 

Also, the turbulence or movement of the air 
between the sheets is su?icient to maintain free 
falling drops of moisture between the sheets for 
further surface contact with the moisture and 
increasing the ef?ciency of operation of the heat 
exchanger. 
The heat exchanger or cooling tower illustrated 

in the drawings consists of a tower or enclosure 
I!) having an air inlet H and an air outlet l2. 
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The air is moved through the tower to under 
forced draft" by any suitable circulating means 
such as a fan or blower, not shown. The liquid 
to be cooled is delivered into the tower it through 
a plurality of distributing pipes l3 each having 
a plurality of spray heads l4 connected thereto. 
A sump I5 is provided in the bottom of the tower 
III for receiving the liquid passing downwardly 
through the tower, and the liquid is withdrawn ‘ 
through the pipe IS. 
A plurality of sinuous sheets 20 are suspended 

within the tower Ill beneath the spray heads l4, 
and may ‘be supported therein in any suitable 
manner. The sheets 20 are in the form of con 
tinuous reverse curves, which are best shown in 
Figure 3. Each of the sheets '20 is formed with 
a plurality of undulations that are of substan 

' tially identical curvature, and somewhat take the 
form of a sine wave. The undulations in each 
sheet are/arranged in parallel relationship and 
are adapted to extend horizontally when the 
sheets 20 are placed within the .tower in. The 
pitch A—B of the undulations is substantially the 
same for all of the sheets and the curvature of 
the undulation is substantially uniform and reg 
ular within the pitch of each undulation so that 
ridges of like curvature are positioned alternate 
ly on ‘opposite sides of a plane through the center 
of the sheet between opposite faces thereof. _ 
The sinuous sheets 20 are spaced relative to 

one another that the space occupied between op 
posite faces of the sheets as produced by the un 
dulations therein is substantially equal to the 
space unoccupied thereby. Thus, a sinuous path 
is provided between adjacent sheets that breaks 
up any tendency toward a straight line flow of 
gas between the sheets, forcing the gas to ?ow in 
the sinuous path. 

Also, each‘ alternate sheet 20a of the series of 
sheets 20' within the tower I0 is displaced ver 
tically with respect [to a plane extending through 
the ridges of the sheets 20, thus placing the 
ridges of the sheets 20a out of- horizontal planar 
alignment with the ridges of the sheets 20. The 
amount of displacement is illustrated in the 
drawings by the distance C—B. This displace 
ment of the sheets produces alternate horizon 
tal chambers of increasing and decreasing vol 
ume, causing the gas ?owing between the sheets 
to constantly vary its speed of flow alternately in 
opposite directions causing turbulence and ‘a 
scrubbing action on the surface of the sheets 20 
and 20a. 

It has been found through carefully conducted 
tests that the resistance to ?ow of gas under 
forced draft between a series of sheets arranged 
in the manner referred to herein is less than 
through a series of sheets arranged with all of 
the ridges in planar alignment, and that the re 
duction in resistance to flow of gas will vary from 
10% to as much as 50%, depending to some ex 
tent upon the shape of the curves provided by 
the undulations in the sheets. The smooth 
?owing curves, such as illustrated in this inven 
tion, produce the minimum resistance to flow of 
,air under forced draft passing between the sheets. 
Therefore, the horsepower consumed in driving 
a fan for moving the air between the plates under 
forced draft is reduced over that required by 
other arrangements of the sheets of the heat 
exchanger. 
As for example, I have found that the most 

beneficial arrangement of the sheets 20 and 20a 
is one wherein the sheets 20a are displaced in a 
horizontal plane relative to the sheets 20 by ap 
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4 
proximately 10% to 20% of the pitch A—B of 
the undulations. In a specific example, the pitch 
of the undulations A—B is approximately 2%" 
and the sheets 20a are offset relative to the sheets 
20 approximately 1A" to %”. The height of the 
undulations from the apex of one ridge to the 
apex of an adjacent ridge is 1/2", the spacing 
of the sheets being 1%" thereby establishing a 
vertical spatial volume D—E occupied by the 
sinuous sheets offering resistance .to flow of gas 
between the sheets that is approximately equal 
to the unrestricted spatial volume E—F between 
adjacent sheets, which arrangement is effective 
in reducing the total resistance to flow of gas be 
tween the sheets while maintaining a sinuous 
movement of the body of gas ?owing there 
through. The offset arrangement of the sheets 
is to create alternate chambers of small and large 
volume to cause the air .to move at different rates 
alternately in alternate portions of the path of 
travel between the sheets, thus causing su?lcient 
turbulence to the flow of gas to obtain a positive 
scrubbing of the surface of the sheets by the gas 
in contact with the liquid ?lm passing over the 
same. This effect is obtained without increasing 
the resistance .to the flow of gas between the 
sheets. Also, I have found that the scrubbing 
action of the gas on the liquid ?lm on the sheets 
is sufficient to maintain free drops of liquid be 
tween the sheets which fall by gravity, and these 
free drops of liquid add to the liquid surface con 
tactecl by the air moving between the sheets. 
Both foregoing factors have a direct relationship 
upon the efliciency of operation of the heat ex 
changer. - 

In the invention as illustrated, the liquid is 
delivered .to the upper edges of the sheets 20 and 
20a by means of the spray heads I4, thereby 
causing liquid to be delivered simultaneously to 
both sides of each of the sheets so that both 
surfaces of the sheets are at work in conducting 
liquid through the cooling tower. An eliminator 
30 is provided above the spray heads M ‘to avoid 
any carry-over of liquid from the heat exchanger 
or cooling tower. 
In a cooling tower constructed in accordance 

with the invention wherein the sinuous sheets 
are approximately 48" in height, with the sheets 
spaced approximately 11/8” from center to cen 
ter, I have determined that four gallons of water 
per minute per square foot of face area can be 
cooled from 100° F. to 85° F. using air having a 
78° F. wet bulb temperature with .0164 air horse 
power per square foot of face area of the tower. 
This a greater e?iciency than I have been able 
to obtain for other arrangements of sinuous 
sheets. ' 

While the apparatus disclosed herein consti 
tutes a preferred form of the invention, yet 
it will be understood that the device is capable of 
alteration without departing from the spirit of 
the invention, and that all modi?cations that 
fall within the scope of the appended claims are 
intended to be included herein. 
Having thus fully described my invention, what 

I claim as new and desire to secure by Letters 
Patent is: 

1. In a heat exchanger, a series of sinuous 
sheets each having each of the undulations 
thereof of like, curvature producing regularly 
spaced ridges positioned alternately on oppo 
site sides of a plane through the center of the 
sheet between the faces thereof and positioned 
with the spaces between the sheets of sufficient 
width to obtain an appreciable vertical unre 
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stricted spatial volume therebetween, means for 
delivering liquid to the surface of each sheet 
near the upper edge thereof, and means for in 
ducing a forced draft of‘ gas upwardly between 
the sheets, each alternate sheet of said series of 
sheets being displaced vertically relative to the 
other sheets to position the ridges of said alter 
nate sheets out of horizontal planar alignment 
with the ridges of the said other sheets, the dis 
placement between each ridge of one sheet and 
the ridge of the next adjacnt sheet being a dis 
tance which is less than that necessary to bring 
the said ridges opposite to each other to provide 
va path of alternately enlarged and constricted 
sections. 

2. In a heat exchanger, a series of sinuous 
sheets each having each of the undulations 
thereof of like curvature producing regularly 
spaced ridges positioned alternately on opposite 
sides of a plane through the center of the sheet 
between the faces thereof and positioned with 
the spaces between the sheets of sufficient width 
to obtain an appreciable vertical unrestricted 
spatial volume therebetween, means for deliver 
ing liquid to the surface of each sheet near the 
upper edge thereof, and means for inducing a 
forced draft of gas upwardly between the sheets, 
each alternate sheet of said series of sheets being 
displaced vertically relative to the other sheets 
to position the ridges of said alternate sheets out 

6 
stantially like curvature positioned alternately 

. on opposite sides of a plane through the center 
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30 
of horizontal planar alignment with the ridges - 
of the said other sheets, the displacement be 
tween each ridge of one sheet and the ridge of 
the next adjacent sheet being approximately 
10% to 20% of the pitch of said ridges to pro 
vide a path of alternately enlarged and‘ con 
stricted sections. 

3. In a heat exchanger, a series of sinuous 
sheets each having each of the undulations 
thereof of like curvature producing regularly 
spaced ridges positioned alternately on opposite 
sides of a plane through the center of the sheet 
between the faces thereof and positioned with 
the spaces between the sheets of suiiicient width 
to obtain an appreciable vertical unrestricted 
spatial volume therebetween, means for deliver 
ing liquid to the surface of ‘each sheet near the 
upper edge thereof, and means for inducing a 
forced draft of gas upwardly between the sheets, 
each alternate sheet of said series of sheets be 
ing displaced vertically relative to the other 
sheets to position the ridges of said alternate 
sheets out of horizontal planar alignment with 
the ridges of the said other sheets, the displace 
ment between each ridge of one sheet and the 
ridge of the next adjacent sheet being approxi 
mately 10% to 20% of the pitch of said ridges 
toprovide a path of alternately 
constricted ‘sections. 
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.4. In ,a heat exchanger, a series of sinuous 60 
sheets having uniformly formed- undulations 
therein substantially in the form of a sine 
wave forming regularly spaced. ridges of sub 

of the sheet between the faces thereof and posi 
tioned with the spaces between the sheets of sum 
cient width to obtain an appreciable vertical 
unrestricted spatial volume therebetween, means 
for delivering liquid to the surface of each sheet 
near the upper edge thereof, and means for in 
ducing a forced draft of gas upwardly between 
the sheets, each alternate sheet of said series of 
sheets being displaced vertically relative to the 
other sheets to position the ridges of said alter 
nate sheets out of horizontal planar alignment 
with the ridges of the said other sheets, the dis 
placement between each ridge of one sheet and 
the ridge of the next adjacent sheet being a dis 
tance which is less than that necessary to bring 
the said ridges opposite to each other to pro 
vide a path of alternately‘ enlarged and con 
stricted sections. ' 

5. In a heat exchanger, a series of sinuous 
sheets each having each of the undulations 
thereof of like curvature producing regularly 
spaced ridges positioned alternately on opposite 
sides of a plane through the center of the sheet 
between the faces thereof and positioned with 
the spaces between the sheets of sufficient width 
to obtain an appreciable vertical unrestricted 
spatial volume therebetween substantially equal 
to the vertical restricted spatial volume occupied 
by a sinuous sheet, means for delivering liquid 
to the surface of each sheet near the upper edge 
thereof, and means for inducing a forced draft 
of gas upwardly between the sheets, each alter 
nate sheet'of said series of sheets being displaced 
vertically relative to the other sheets to position 
the ridges of said alternate sheets out of hori 
zontal planar alignment with the ridges of the 
said other sheets, the displacement between each 
ridge of one sheet and the ridge of the next ad 
jacent sheet being a distance which is less than 
that necessary to bring the said ridges opposite 
to each other to provide a path of alternately 
enlarged and constricted sections, and an elimi 
nator located above said means for delivering 
'liquid whereby to avoid carry-over of liquid from 
said sheets. _ 

LANCE L. SIMMONS. 
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