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The present invention relates to a heat exchanger 
' method and apparatus and more particularly to such a 
system for use ‘with gas compressors and the like. 

It is an object of the present invention to eliminate 
the need for an intercooler between the ?rst and second 
stage of an air compressor system and to thereby eliminate 
the expense of the intercooler. 

It is another object of the present invention to increase 
the over-all performance of an air compressor system by 
using all of the effective heat from the discharge air of 
the low pressure cylinder of an air compressor to reheat 
the cooled air discharged from the high pressure stage of 
an air compressor. 

It is another object of the present invention to provide 
a heat exchanger system used in connection with an air 
compressor to provide an ultimate user with more actual 
physical volume of compressed air for useful work than 
ispossible from conventional systems now in use utilizing 
the standard aftercooler. 

It is another object of the present invention to provide 
a heat exchanger method and apparatus in which the ac 
tual pounds of air involved throughout the entire appara 
tus will remain the same, but the physical volume of air 
in its expanded state will do more useful work in all 
kinds of air using or consuming apparatus than is pos 
sible with cold air discharged from a standard aftercooler 
installation. 

Heretofore, it has been customary in a heat exchange 
system used with a two-stage air compressor apparatus, 
to provide an intercooler which reduces the temperature 
of the air discharged from the low pressure cylinder or 
?rst stage of the air compressor back tothe temperature 
of the intake airentering the low presure cylinder. The 
purpose of the intercooler disposed bewteen the two stages 
of the air compressor‘ is that of reducing the volume of 
the compressed air back to a point equivalent to or 
approaching the air intake temperature of the low pres 
sure stage of ‘the compressor so that the physical size 
of the high pressure cylinder of the compressor can be 
reduced or ‘properly vproportioned to receive this cooled 
air. It the air is not su?iciently cooled, it follows that the 
high pressure cylinder of they compressor must be phys 
ically larger in order to accommodate the increased phys 
ical volume of air which weighs the same amount but is 
in a greatly expanded condition or state due to the high 
or advanced temperature. . r 

" ‘In such a conventional two-stage system, the high pres 
sure stage discharges at a pressure of approximately 125 
.p.s.i.g. or more and. at a temperature of approximately 
250° F. This air contains the greater portion of the 
water vapor which was passed into the, low pressure 
stage of the compressor, as well as the greater‘ portion 
of the oil vapor introduced into the system from ‘the 
lubricating oil required in both cylinders or stages of the 
compressor. Of course, there is a certain minor percent 
age of condensed moisture which is removed from the 
first stage by the intercooler between the stages. How 

.‘ever, the volume of water vapor still remaining in the 
discharge air of a two-stage compressor is of sufficient 
quantity or magnitude that a heat exchanger, generally 
referred’ to as an aftercooler, is commonly used to reduce 
the temperature of the air discharged from the second stage 
cylinder from about 250° F. down to within a few degrees 
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higher than the available cooling water ?owing through 
the aftercooler which, depending upon the season, is gen 
erally between 50° to 70° F. Thus, the aftercooler serves 
to contract the physical volume of the air discharged from 
the second or high stage of the air compressor and such 
volume is in keeping with the temperature at which the 
compressed air leaves or is discharged from the after 
cooler. 

In accordance with the present invention, a novel heat 
exchanger method and apparatus is provided for use with 
a two-stage air compressor and the like to eliminate the 
use of the standard intercooler used heretofore in an air 
compressor system. As previously stated, the compressed 
air discharged from the low pressure cylinder of a two 
stage compressor emerges at a temperature of approxi 
mately 250° F. and contains a large quantity of water 
vapor present'in the intake air to the cylinder. This 
air discharged from the low pressure cylinder is passed 
through the tube bundle section of a heat exchanger in an» 
indirect heat exchange relationship with air from the 
second or high pressure stage or cylinder of the air com 
pressor. The air discharged from the ?rst stage. of the 
air compressor and exiting from the heat exchanger has 
its temperature lowered from 250° F. down to approxi 
mately 110° F. The cooled air from the ?rst stage of 
the compressor is then directed to a separator and into the 
intake of the high pressure cylinder where it is compressed 
to approximately 125 pounds or more p.s.i.g. This pres 
sure, of course, is by way of example only, but is in 
the‘ approximate or general range of a standard two 
stage compressor. 
The air is then compressed in the second stage or high 

pressure cylinder of the compressor and accumulates an 
additional temperature being discharged from the second . 2 
stage cylinder at approximately 250° F., corresponding to 
the developed compression ratio of the high pressure 
cylinder.‘ 

This high pressure and high temperature air then 
passes from the high pressure cylinder through the inside 
of the tube bundle or tubes of an aftercooler. The after— 
cooler is provided with cooling water ?owing around the 
outside of tube bundle or on the shell side of the after 
cooler between 50° and 70° F., depending upon the 
season. This air from the high pressure stage passes in 
indirect heat exchange relationship with the cooling water 
so that the air upon being discharged from the after 
cooler is reduced in temperature to within ?ve degrees 
or more of the available cooling water. This reduction 
in the temperature of the air being discharged from the 
second stage of the air compressor will cause the water 
vapor and any oil vapor therein to precipitate out. The 
cooled air is then discharged from the aftercooler into 
a cyclone separator wherein the condensed moisture and 
oil are removed by conventional cyclonic means. 
The cooled air is then passed from the cyclone separa 

tor into the shell side of a heat exchanger around the 
outside or” the tubes therein in indirect heat exchange 
relationship with the hot compressed air ?owing through 
or inside the tubular bundle of the heat exchanger from 
the ?rst low pressure stage or cylinder of the compressor _ 
at approximately'250° F. The passing of the cool air in 
indirect heat exchange relationship with the hot air here, 
reduces-the temperature of the hot air from approximately 
250° F. to‘l10° to 130° F‘. and increasing the tempera 
ture of the cooled air to approximately 225° F. The 
heated air passing through the tubepbundle is then dis 
charged to the secondstage of the air compressor. The 
air discharged from the outlet end of the heat exchanger 
around the tubes then emerges at a temperature of about 
225°, which represents about one-third more volume of . 
air in a physical state that is available for useful work. 
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Thus from the foregoing description and from the 
following detailed description, various other objects and 
advantages of the present invention will become apparent 
when considered in connection with the accompanying 
drawings forming a part thereof, and in which: I 
:FIG. 11 is a flow sheet diagram embodying the present 

invention, .and 
:FIG. 2 isaslight-ly modi?ed embodiment of 'the inven 

tion illustrated‘in .FIG. :1. 
Referring to SFIG. .l,'the reierence‘numeral It) generally 

designates a two-stage air compressor having ‘a low pres 
sure cylinder or ?rst stage 11 and a high pressure cylinder 
or second stage '12. Air to be compressed enters the in 
take or inlet :opening '13 of the low pressure cylinder at 
atmospheric pressureand is compressed to approximately 
31 psi-g. The compressed air ‘leaves the low pressure 
cylinder through outlet opening 15 at a temperature of 
approximately 250° and ‘thereafter flows through a con 
duit or pipe 16, connected to the outlet 15 at one end 
and to the inlet 17 of a'heat exchanger generally designated 
18. The compressed air entering the heat exchanger 18 
I?ows therein through the inside of a plurality of tubes 
1'9 generally forming a tube bundle 2t) and is discharged 
from the heat exchanger through outlet 21. 

In ‘passing through the heat exchanger, the low pres 
sure air passes in indirect iheat exchange relationship with 
cool air :?owing into heat exchanger 18 through an ‘inlet 
‘22 disposed therein, which cool air'i?ows through the shell 
side or portion 23 ‘of the heat exchanger surrounding 
or disposed ‘around ‘the tube bundle 2t} and its individual 
tubes 19. Staggered bafiie means v24 are provided in the 
shell section v23 for providing a tortuous path for the 
cool air to provide a more .e?icient heat transfer between 
thecool air and the air from vlow pressure stage passing 
through the inside of the tubes 19. The cool air enter 
ing inlet 22 is preferably at a temperature of approxi 
mately ‘80° more or iless, and is ‘the compressed air 
discharged :from the second stage or the ‘high pressure 
cylinder 1210f the compressor. The low pressure air 
t-from‘the ?rst stage ‘of the compressor is discharged from 
the tubes 19 through outlet 21 at approximately 110° to 
130° F. and I?ows'through conduit 26 connected between 
discharge Q21 and the intake of the high pressure or 
second stage cylinder 12 of the compressor. Any con 
densed water vapor in the cooled air ‘that is condensed in 
passing through heat exchanger '18 is removed and sepa 
rated by a standard separator 45; disposed in conduit 26 
on the downstream side of heat exchanger 18. Thus, the 
‘air in emerging from the heat exchanger 18 has its tem 
perature reduced "from approximately 250° down to 110° 
to 130° so that the volume of the compressed air’ dis 
charged from the low pressure cylinder 11 is reduced 
back to a point equavilent to or ‘approaching the air in 
take ‘volume ‘to the ‘low pressure cylinder 11 so that the 
size of the ‘second stage or high pressure cylinder 12 may 
‘be properly proportioned to receive this cooled air. If 
the air is not cooled after it is discharged from the low 
pressure cylinder, the high pressure cylinder 12 must be 
considerably larger to make'the increased physical volume 
represented by the ‘same weight of air that is in a greatly 
expanded condition due to the high temperature. 
The air in ‘passing into the high pressure cylinder 12 

of the compressor is ‘then compressed to aproximately 
125 p.s.i.g. and ‘is discharged ‘from this cylinder at a 
temperature ‘of approximately 250° F. This air being 
discharged from the high pressure cylinder contains all 
‘of the water vapor which was taken into the atmospheric 
intake of the low pressure cylinder 11 less the condensa 
tion which will take place in the ‘tubes of the heat ex 
changer 18 through the reduction of temperature from 
250° F. to approximately 110° F. Such condensation 
will be removed in the cyclone separator in the air stream 
26. In addition, there will be a quantity of oil vapor 
resulting from the lubricating oil fed to the air cylinders 
to provide lubrication for the compressors. This means 
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that there is a considerable amount of moisture and oil 
in the high pressure gas ?owing from ‘the high pressure 
cylinder 12 through the conducit 27 connected to the 
discharge or outlet of the high pressure cylinder 12. The 
opposite end of conduit 27 is connected to an inlet 28 
disposed in a second heat exchanger or aftercooler 29 
and passes through the inside of a plurality of individual 
tubes therein and is discharged therefrom through outlet 
30. 
The aftercooler or second heat exchanger 29 is pro 

vided with a cooling water inlet pipe 33 provided with 
a valve 34 therein and a cooling water discharge pipe 31 
provided with a valve 32 therein. ‘The cooling water 
in passing through pipe 33 ?ows around the outside of 
the tube bundle and the individual tubes through which 
the air flows in heat exchanger 29, so that the water is 
passed in indirect heat exchange relationship with the 
hot air ?owing through the tubes. The temperature 
of the water supplied to the heat exchanger 29 is in 
the range of 50° to 70° F, depending upon the season 
of the year, and cools the hot air ?owing through the 
tubes down to a temperature of approximately 80° F, 
or approximately 10° higher than the available cooling 
water ?owing through the aftercooler as it leaves the out 
let 30 of the aftercooler. In passing ‘through the after 
cooler 29, the hot air entering inlet 28 is cooled so that 
the reduction in temperature will precipitate out the 
water and oil vapor. The air emerging from the after 
cooler at this lower temperature thereafter ?ows through 
the conduit 35 connected to inlet 36 of a cyclone separa 
tor 37 and the condensed moisture and oil vapor are 
discharged into a trap 38, while the cooled air flows 
‘through the outlet 39 of ‘the separator into the inlet v22 
of the ?rst heat exchanger 18 to which the outlet 39 
is connected. 
The air from the second stage or high pressure cyl 

inder 12 thereafter ?ows through the ‘shell 23 of the 
heat exchanger 18 as described hereinbefore, and is dis 
charged from the outlet '40 in heat exchanger 18 at a 
temperature of approximately 225° R, which represents 
about one-third more volume ‘in a physical state than 
would have been possible from the use of a common 
aftercooler which is currently and regularly used for 
the purpose of condensing oil and ‘water in a two-stage 
air compressor system. 
Through the over-all performance in ‘the heat ex 

change system of the present invention, the e?iciency is 
increased since all of the effective heat in the discharged 
air from the low pressure cylinder 11 is used in the 
heat exchanger 18 to reheat the cooled air passing there 
through from the discharge outlet of the high pressure 
cylinder 12, and an ultimate user of the compressed air 
is provided with more actual physical volume of com 
pressed air for useful work than is possible from a 
standard system using the conventional aftercooler. 

It is also apparent that the actual pounds of air ?owing 
through the entire system remains the same, but the 
physical volume in its expanded state can do more useful 
work ‘than is possible ‘with the current air emerging 
from a conventional two-stage air compressor system 
with a conventional aftercooler. 
The embodiment of the invention shown in FIG. 2 

is substantially the same in structure as that shown in 
FIG. 1, except that a_ small heat exchanger unit 42 
having an inlet 43 and an outlet 44 is disposed in conduit 
26 between the discharge 21 of the heat exchanger 18 
and the inlet to ‘the high pressure cylinder 12, and ‘up 
stream of separator 48. The heat exchanger 42 is pro 
vided with a cooling water inlet pipe 45 and a cooling 
Water discharge pipe 46 for passing cooling water around 
the outside of a tube bundle disposed therein. 
The cooled gas being discharged from the discharge 

outlet 21 of the heat exchanger 18 passes'through inlet 
43 through the inside of the tubes disposed therein, 
while the cooling ‘water passes through the shell section 
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of the heat exchanger 42 around the outside of the tubes 
therein, to provide cooling water for passing in indirect 
heat exchange relationship with the air ?owing through 
the tubes. The air being discharged through outlet 44 
of the heat exchanger 42 has 'its temperature reduced 
from the intake temperature'of 110° to 130° back to 
within 15° of the cooling Water so that the temperature 
of the air leaving the discharge outlet 44 is approximately 
90 to 100° F., so that this air Will be in a more com 
pressed state and enter in physical volume into the 
controlled volume of the highpressure cylinder 12. The 
separator 48, similar to separator .37, is disposed down 
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stream of heat exchanger 42 in conduit 26 in the em- ' 
bodiment of FIG. 2, to remove moisture that may be 
condensed in heat exchanger 18 together with the addi 
tional moisture Which Will be condensed in heat ex 
changer 42. 

This embodiment of the invention is a simple heat 
exchange problem that may develop where the tempera 
ture of the air coming out of the tubes of the heat ex 
changer 13 and discharged to the intake connection of 
the secondrstage cylinder 12 may be at a temperature 
to make the same cylinder in present practice completely 
usable where a standard air compressor system has al-v 
ready been installed. Thus, this embodiment of the in 
vention makes it readily adaptable to installations in the 
?eld. ' 

Inasmuch as changes may be made in the form, loca 
tion and relative arrangement of the several parts of 
the invention and in the sequence of the various method 
steps Without departing from the principles of the inven 
tion, it Will be understood that the invention is not to 
be limited excepting by the scope of the appended claims. 

I claim: ' 

1. An apparatus including an air compressor having 
a high and low pressure stage, a ?rst heat exchanger 
comprising hot air conducting means through which air 
to be ‘cooled flows, and cool air conducting means 
through which cooling air flows, ?rst conduit means 
communicating with said low and high pressure stages 
and said hot air conducting means, a second heat ex 
changer comprising a hot air flow path and a cooling 
liquid ?ow path, means for supplying cooling liquid ?ow 
"path, and second conduit means communicating with 
said high pressure stage and air flow path of said second 
heat exchanger and said cool air conducting means of 
said ?rst heat exchanger. 

2. An apparatus including an air compressor having a 
high and low pressure stage, a ?rst heat exchanger with 
hot air conducting means through which air to be cooled 
?ows and other air. conducting means disposed in in 
direct heat exchange relationshipwith said hot air con 
ducting means, ?rst conduit means in communication 
with the discharge side of said low pressure stage, the in 
take side of said high pressure stage and said hot air 

. conducting means for cooling air from said low pres 
sure stage before it enters said high pressure stage, a 
second heat exchanger ‘comprising a hot air ?ow path 
means and cooling water ?ow path means therein dis 
posed in indirect heat exchange relationship with said 
hot air ?ow path means, cooling water supply means in 
communication with said cooling water ?ow path, and 
second conduit means communicating with the discharge 
side of said high pressure stage and hot air ?ow path 
means and said other 'air conducting means of said ?rst 
exchanger. ' 

3. Anrapparatus including an air compressor with a 
high and'low pressure cylinder, a heat exchanger compris 
ing a tube bundle and shell section, a ?rst conduit com 
municating with the discharge side of said lowpressure 
cylinder and one end of the tube bundle for passing hot 
air therethrough to be cooled, a second conduit in com 
munication'withthe opposite end of said tube bundle and 
the intake side of said high pressure cylinder for ?owing 
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cooled air thereto, another heat exchanger having a cool~ 
ing water side and a hot air flow path side, cooling water 
supply means in communication with said water side for 
cooling air ?owed through the hot air side, a third con 
duit connected to the discharge of said high pressure cylin 
der and one end of said hot air flow path, and a fourth 
conduit connected to the other end of said hot air ?ow 
path and the shell side of said heat exchanger whereby 
air from said high pressure cylinder is cooled to condense 
moisture therein and thereafter is reheated to cool air 
passing between the cylinders of said compressor. 

4. The apparatus of claim 3 wherein said another heat 
exchanger comprises a shell with a tube bundle therein, 
and cooling water flows around said tubes. 

'5. The apparatus of claim 1 wherein a third heat ex 
changer is disposed in said second conduit means between 
said high pressure stage and said second heat exchanger, 
and means are provided for supplying cooling water to 
said third heat exchanger and cool air flow path means 
therein are disposed therein in communication with said 
second conduit means. ' 

6. The method of cooling air ?owing from the low 
pressure stage of an air compressor to the high pressure 
stage to decrease its physical volume and utilizing the heat 
of said air to reheat cooled air from the high pressure 
stage comprising the steps of ?owing air from the high 
pressure stage through an aitercooler, thereafter ?owing 
said cooled air in heat exchange relationship with hot air 
discharged from the low pressure stage, and thereafter 
flowing said air from the low pressure stage to the highv 
pressure stage. 

7. The method of claim 6 wherein said cooled air ?ow 
ing from said low pressure stage is cooled a second time, 
after it is passed in heat exchange relationship with cooled 
air from said high pressure stage. 

8. An apparatus including an air compressor having a 
high and a low pressure cylinder, each of said cylinders 
including an inlet and an outlet, a heat exchanger having 
?rst and second flow paths de?ned therewithin, each of 
said ?ow paths having an inlet and anoutlet, ?rst conduit 
means providing communication between the outlet of 
said low pressure cylinder andthe inlet of the ?rst ?ow 
path through said‘ heat exchanger, second conduit means 
providing communication between the outlet of said ?rst 
flow path through said heat exchanger and the inlet of 
said high pressure cylinder, a second heat exchanger, said 
second heat exchanger having ?rst and second ?ow paths 
de?ned therewithin, each of said flow paths de?ned with 
said second heat exchanger having an inlet and an outlet, 
third conduit means providing communication between the 
outlet of said high pressure cylinder and the inlet of the 
?rst flow path through said second heat exchanger, fourth 
conduit means providing communication between the out 
let of said ?rst ?ow path through said second heat ex 
changer and the inlet of the second flow path of said ?rst 
heat exchanger, means connected with the inlet and out 
let of the second ?ow path through said heat exchanger 
for circulating a cooling medium therethrough, the inlet 
to said low pressure cylinder comprising the inlet of the 
apparatus and the outlet of the second ?ow'path through 
said ?rst heat exchanger comprising the outlet from the 
apparatus, and means for removing condensed liquid which 
is condensed in each of said heat exchangers. ‘ 
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