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This invention relates to improvements in heat 
exchangers which are particularly well adapted 
for the drying and cooling of compressed air. . 
Compressed air is used in various industrial 

applications Such as Sand blasting, painting, 
pneumatic tool operation and the like, and it is 
important that the compressed air so used be 
substantially free of moisture. To this end dry 
ers have been heretofore developed which Sep 
arate excess moisture from the air by means of 
an air. cooling apparatus. The dryers hereto 
fore developed have comprised intricate casings 
Which are not only difficult and expensive to 
manufacture buit; in addition, are difficult to dis 
aSSemble and clean. 

It is therefore a general object of the present 
invention to provide a heat exchanger adapted to 
utilize a fluid coolant. and having the heat trans 
fer elements thereof made of relatively thin sheet 
metal. 
A further object of the invention is to provide 

an improved heat exchanger of the type having 
a plurality of spaced concentric tubular heat 
transfer elements having annular fluid chambers 
therebetween. - . .. 

A further object of the invention is to provide 
an improved apparatus of the class described 
wherein the relatively thin tubular heat transfer 
elements are formed with corresponding hori 
Zontally extending corrugations which give the 3 
annular chambers between said members a zig 
Zag cross-sectional shape whereby a medium may 
flow in the form of a ribbon to exchange heat 
by impingement against the corrugations. 
A further object of the invention is to provide 

a construction wherein, because of the corruga 
tions, expansion and contraction of the heat 
transfer elements may take place without detri 
mental results. 
A further object of the invention is to provide 

an apparatus of the class described wherein the 
smallest diameter portion of each of the tubular 
heat transfer elements is at least slightly greater 
than the largest diameter portion of the next 
adjacent element inwardly thereof, thereby facil 
itating assembly or disassembly of the apparatus 
for cleaning or repair. -- 
A further object of the invention is to provide 

an apparatus of the class described which may 
have a trap or baffle associated in a novel man- 5 
ner with the air outlet to prevent entrained mois 
ture from being carried out of said outlet. 
A further object of the invention is to provide 

an apparatus of the class described which is 
compact, strong and durable, which is inexpen 
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sive to manufacture, which is efficient in opera 
tion, and which is otherwise well adapted for 
the purposes described. 
With the above and other objects in view, the 

invention consists of the improved heat ex 
changer, and all of its parts and combinations, as 
set forth in the claims, and all equivalents 
thereof. 

In the drawings accompanying and forming a 
part of this Specification, Wherein are shown two 
embodiments of the invention, and wherein the 
same reference characters indicate the same parts 
in all of the views: 

Fig. 1 is a fragmentary vertical sectional view 
of the preferred form of the invention; 

Fig. 2 is a transverse sectional view taken along 
the line 2-2 of Fig. 1; and 

Fig. 3 is a fragmentary vertical sectional view 
of a modified forin of the invention. 

Referring more particularly to Fig. 1 of the 
drawing, the numeral. 5 indicates a cylindrical 
Outer Shell fixed at its upper end to a top ring 
6, and fixed at its lower end to a similar bottom 
ring . The major portions of the top and bot 
tom rings 6 and 7 project outwardly from the 
shell 5 and form attaching flanges. Fixed to the 
inner surfaces of the top and bottom rings 6 and 
and spaced inwardly from the inner surface of 

the shell 5 is a tubular heat transfer element 
8 which is preferably concentric with the shell 5 
and which is preferably formed with horizontal 
annular corrugations 9. Positioned concentric 
With the element 8 are tubular heat transfer ele 
ments 0, f f and 2. The heat transfer elements 
0, Í í and 2 are formed with annular horizontal 

corrugations which preferably correspond with 
the corrugations 9 of the element 8, as shown in 
Fig. 1. At their upper ends the inner surface 
of the element () and the outer surface of the 
element d i are fixed to a head ring í 3. Simi 
larly associated with the lower ends of the ele 
ments 0 and is a bottom head ring 4. Fixed 
to the inner surface of the element 2 at its 
upper end is a circular headplate 5, and simi 
larly associated With the lower end of the elle 
ment 2 is a circular bottom plate - 6. 
Fixed to the upper surface of the upper ring 

6, as by bolts and nuts , is an upper head 8 
having the shape of an inverted bowl and being 
formed with an attaching flange 9. The head 
8 is also formed with an air inlet connection 
into which is adapted to be threaded an air supply 
conduit 20. Projecting vertically through a cen 
tral portion of the head 8 and through the cir 
cular plate 5 is a conduit 2. The conduit 2 
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lower head 32 may be easily and quickly removed 
by unbolting it from the lower plate . . . . . 
5. Fig. 3 shows a modified form of the invention 
and is of the double pass type. The parts of the 
modified form of the invention which are analo 
gous to like parts in the preferred form of the 
invention are designated by the same reference 
characters primed. In the modified form of the 
invention there is an outer cylindrical shell or 
casing 5 having an open upper end and having 
its botton end closed as shown. There is an end 
ring 6' fixed to the upper end of the shell 5", and 
fixed to the end ring 6' is an upper head 8 
which is formed with an air inlet connection 9'. 
Positioned within and concentric, with the casing 
5', and having its upper end fixed to the inner 
surface of the end ring 6', is a heat transfer ele 
ment 8 which has its lower end closed by a bottom 
Wall, as shown. Projecting upwardly from a cen 
tral portion of the bottom wall of the element 8, 
and opening through said wall, is a conduit 65. 

Positioned concentrically within the tubular 
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heat transfer element 8, and preferably in sub 
stantially equally spaced relationship, are tubular 
heat transfer elements fo', ' and 2'. The heat 
transfer elements 8, 10, and 2' are prefer 
ably formed with corresponding horizontally ex 
tending annular corrugations which impart to 
the annular chambers 60', 6' and 62' a zigzag 
shape in vertical section, as in the preferred form 
of the invention. The upper and lower ends of 
the element 2 are sealed respectively with a 
circular upper plate 5' and with a circular lower 
plate 6. A headring 3 sealingly connects the 
inner surface of the upper end of the element f', . 
and the outer surface of the upper end of the 
element - f'. A ring 66 is sealingly connected to 
the inner surface of the upper end of the element 
f', and sealingly connected to the inner surface 

of the ring 66 is an upwardly projecting air outlet 
conduit 67 which extends through the head 8'. 
The head & is provided with a suitable stuffing 
box 68 and with a gland 69 sealingly surrounding 
the air outlet conduit 67. x. . . . - 

Extending downwardly through the head 8 
and through the ring 13', and communicating 
with the annular chamber 6 f' is a cold water 
inlet conduit 70. Threaded into the casing 5 
and communicating with the chamber 63' is a 
water outlet conduit 55'. Communicating be 
tween the lower end of the chambers 6 f' and 64 
is a conduit 7 . Extending upwardly through the 
bottom Wall of the casing 5' and opening through 
the botton wall of the element 8' is a condensate 
drain pipe 72 which may have its lower end 
closed with a cap 73. Extending upwardly 
through the bottom Wall of the casing 5', through 
the bottom wall of the element 8 and through 
the circular plate 6' is a drain pipe 74 which 
may have its bottom end closed with a cap 75. 
The botton wall of the casing 5' may be provided 
with suitable stuffing boxes 76 and with glands 
77 sealingly. Surrounding the pipes 72 and 74. 
In operation, cold water enters the apparatus 

through the conduit 70 and flows downwardly 
into and through the annular chamber 6'. This 
Water flows from the bottom of the chamber 
6 through the conduit 7 and into the chamber 
64', through which it then flows upwardly to 
enter the upper end of the conduit 65. The 
Water then flows downwardly through the con 
duit 65 and enters that portion of the chamber 
63' between the bottom walls of the casing 5' and 
the element 8'. The water then flows outwardly 
and upwardly in the chamber 63 and passes 
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out the conduit. 55'. Hot compressed air which 
enters the apparatus through the air inlet con 
duit 20’’ and through the connection 9" i flows 
into the head if 8'. The air then flows down 
Wardly through the chamber 60', and, upon pass 
ing out of the bottom end of the chamber 65, 
Said air flows in Wardly and upwardly, as indicated 
by the acroWs, into the lower end of the chamber 
62. The air, upon flowing out of the upper end 
of the chamber 62, enters.the air outlet conduit 
67 through which it leaves, the apparatus. 
AS in the preferred form of the invention, the 

Cooling effect of the Water causes moisture to be 
condensed from the air flowing through the 
apparatus. This moisture will flow downwardly 
and will collect on the inner Surface of the bots 
tom wall of the element 8, from which it may be 
drained through condensate drain conduit::2. 
The drain conduit 74 provides means for empty 
ing the chambers 6 and 64 when necessary. 
As is also true in the preferred form of the 

invention, the smallest inner diameter portion of 
each of the tubular heat transfer elements of 
the modified form is slightly larger... than the 
largest Outer diameter. portion of the tubular heat 
transfer next adjacent element inwardly, thereof. 
It is apparent, therefore, that during assembly 
or disassembly of the modified form of the ap 
paratus, the heat transfer elements thereof may 
be readily placed in position within or removed 
from one another as desired. The improved ap 
paratus is relatively inexpensive to manufacture 
because of the fact that sheet metal is employed 
in the heat transfer elements rather than ex 
pensive castings which have been common here 
tofore. The improved apparatus is efficient in 
operation and is particularly easy to disassemble 
and clean, the latter feature materially reducing 
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the cost of maintenance of the improved ap 
paratus. - 

Due to the corrugations, heat exchange takes 
place very efficiently because of impingement 
against the corrugations of the medium flowing 
in the exchanger. 

It is obvious that the apparatus is suitable for 
use with any gases or liquids, and is suitable for 
a variety of uses such as in an air dryer, still 
or water heater. . . . . 

Various changes and modifications may be 
made without departing from the Spirit of the 
invention, and all of such changes are contem 
plated, as may come within the Scope of the 
claims. 
What I claim is: 
1. In an air drier, a Substantially cylindrical 

Outer Shell having an open upper end and a 
closed lower end, a first tubular heat transfer 
element within said casing having a closed lower 
end and having an open upper end, the upper 
margins of Said element and said casing being 
Sealingly connected, said element having its side 
and end Walls Spaced from and adjacent the side 
and end Walls of the casing to form a cup-shaped 
first fluid chamber therebetween; a second tubu 
lar heat transfer element spaced concentrically 
Within Said first element and having open ends; 
a third tubular heat transfer element spaced 
concentrically within said second element and 
having open ends, said second and third ele 
ments being Sealingly connected at their upper 
and lower margins to form a second fluid cham 
ber therebetween; a fourth tubular heat trans 
fer element spaced concentrically within Said 
third element and having its upper and lower 
ends closed to form a third fluid chamber there 
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in, there being a first annular air chamber be 
tween said first and second elements and a second 
annular air chamber between said third and 
fourth elements; a head for closing the upper 
end of said casing; an air inlet communicating 
with the upper end of said first air chamber, 
said first and second air chambers having Com 
munication at their lower ends; an air outlet 
leading from the upper end of said third ele 
ment and communicating with the upper end 
of said second air chamber; a fluid connection 
between the lower ends of Said second and third 
fluid chambers; a conduit projecting upwardly 
from the end Wall of said first element and 
through the lower end of said third fluid cham 
ber to adjacent the upper end thereof to provide 
communication between said first and third fluid 
chambers; a fluid inlet communicating With 
the upper end of said second fluid chamber; and 
a fluid outlet communicating with the upper end 
of Said first chamber, Said tubular heat transfer 
elements having Sidewall portions formed With 
corrugations which impart to said air chambers 
and said second fluid chamber a Serpentine shape 
in vertical section, and said elements being of 
such diametrical dimensions that each may be 
removed from the adjacent elements by coaxial 
relative movement. 

2. In an air drier, a substantially cylindrical 
outer shell haying an Open upper end and a 
closed lower end, a first tubular heat transfer 
element within Said Casing having an open upper 
end, the margins of which are Sealed to the upper 
margins of said casing, and having a closed lower 
end, said element having its side Wall and end 
wall spaced from and adjacent the side and end 
Walls of the casing to form a cup-shaped first 
fluid chamber therebetween; a second tubular 
heat transfer element spaced concentrically 
within said first element and having open ends; 
a third tubular heat transfer element spaced 
concentrically within Said Second element and 
having open ends, said Second and third ele 
ments being joined at their upper and lower 
margins to form a second fluid chamber there 
between; a fourth tubular heat transfer element 
spaced concentrically within Said third element 
and having its upper and lower ends closed to 
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form a third fluid chamber therein, there being 
a first annular air chamber between said first 
and second elements and a second annular air 
chamber between said third and fourth elements; 
a head for closing the upper end of Said Casing 
an air inlet in Said upper lead and communis 
cating With the upper end of Said first air cham 
ber, said first and Second air chambers having 
communication at their lower ends; an air out 
let projecting through said upper head and con 
nected to the upper end of Said third element 
and communicating With the upper end of Said 
second air chamber; a fluid connection between 
the lower ends of said second and third fluid 
chambers; a conduit projecting upwardly from 
the end Wall of Said first element and through 
the lower end of Said third fluid chamber to ad 
jacent the upper end thereof... to provide come 
munication between said first and third fluid 
chambers; a fluid inlet communicating, with the 
upper end of Said Second fluid chamber; and a 
fluid outlet communicating with the upper end 
of Said first chamber, said tubular heat trans 
fer elements having sidewall portions formed 

P with corrugations which impart to said air cham 
bers and Said Second fluid chamber a serpentine 
shape in vertical section, and said elements being 
of such diametrical dimensions that each may 
be removed from the adjacent elements by co 
axial relative movement. 

RICHARD RUEMELN. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 

342,871 - Hocking ---------------- June 1, 1886 
983,913 Lovekin ------------ Feb. 14, 1911 

1,005,442 Lovekin ------------ Oct. 10, 1911 
1899,988 Ruemelin ----------- Mar. 7, 1933 

FOREIGN PATENTS 
Number Country Date 

19,332 Denmark ---------- Sept. 25, 1914 
158,483 Great Britain ------- Feb. 10, 1921 


