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ABSTRACT: Compressed gases are dried by heat exchanging 
them with a refrigerating fluid in a closed refrigeration circuit. 
The chilled gases are then reheated to use temperature by 
being heat exchanged with condensing refrigerating fluid. The 
refrigerating fluid is also heat exchanged with ambient air in a 
condenser connected in parallel or in series with the com 
pressed gas reheater. Color indicating means may be used in 
conjunction with the reheater for indicating product gas hu 
midity and dryer performance. 
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METHOD AND APPARATUS FORDERYING COMPRESSED 
GASES 

This invention relates to compressed gas dryers, particu 
larly compressed gas dryers of the refrigerated type. It is con 
cerned with improvements, both method and apparatus, in 
dryers of this type, which result in novel dryer systems of 
greater efficiency, compactness of structure, convenience of 
construction, and flexibility of operation. 
Compressed gases, particularly compressed air, are often, in 

fact even normally, heavily moisture laden after compression. 
The high moisture content of the gases interferes in varying 
degrees with various intended uses of the gases and for this 
reason it has become an accepted practice to dry, or dehu 
midify, the gases before they are used. Among the broad 
general types of drying apparatus, is that of refrigerated air 
dryers. Such dryers remove the water from the compressed 
gas by dropping its temperature to a selected level below the 
dew point, thus causing the water vapor in the gas to condense 
into liquid water and fall out of the gas. The product gas is al 
ways saturated with water vapor at the lowest operating tem 
perature of the dryer, but is far below saturation, and hence 
sufficiently dry, at higher temperatures where it is normally 
used. 

It is known in the art that the cooling of the compressed gas 
can be accomplished by heat exchanging it with a refrigerating 
fluid such as the common Freons, the refrigerating fluid being 
confined in a normal refrigeration circuit usually including a 
compressor, condenser, expansion valve or the like, receiver, 
and, of course, the evaporator-chiller itself. 

In such a simple system, the product gas is cold, which is of 
no advantage in many instances, and can even be disad 
vantageous. The most common forms of using equipment for 
compressed gas do not require that it be cold, and since 
moisture tends to condense from the atmosphere on cold sur 
faces, the gas carrying lines will "sweat' and drip, which can 
interfere with, and corrode, or eventually destroy operating 
equipment. 
The foregoing circumstances, combined with the fact that 

the heat absorbing capacity of the cold product gases is itself 
of utility, have led prior workers to suggest various systems for 
either increasing the efficiency of the refrigerated gas dryer or 
for otherwise making use of the coldness of the dried gas, be 
fore it is used for its principal intended purpose. One use that 
has been made of the cold product gases is to precool the in 
coming product gases, through a heat exchanger. This ap 
proach, if carefully applied, enables one to increase the effi 
ciency of utilization of energy which is put into the dryer at the 
compressor and to minimize the size of the compressor. 
However, the second approach has several serious disad 

vantages. For one thing, it necessarily involves a gas-to-gas 
heat exchanger. Such exchangers are inherently bulky and 
thermally inefficient, because of the large heat exchange areas 
required to transfer a given amount of heat per unit time. This 
result flows from the low heat capacities of gases and from the 
poor coefficients of heat transfer for gases, as compared to 
liquids, or condensing or evaporating liquids. 
Another difficulty with using the cold product gas to 

precool the incoming gas is that such an arrangement 
produces a rather inflexible drying system. Somewhat 
paradoxically, the loss of flexibility occurs on the side of less 
strenuous drying requirements. For example, if one desired to 
use a unit with a gas-to-gas precooling stage designed to 
produce a gas with a 35 F. dew point to produce a somewhat 
wetter gas, such as one with a 60°F. dew point, in the hope of 
obtaining a commensurately larger volume of product gas, it 
would be found that the increase in capacity is disappointingly 
low, because the comparatively warmer dry gas from the dry 
ing stage is a relatively poorer heat transfer agent in the gas-to 
gas precooling stage. 

I have found that the foregoing disadvantages, and others, 
can be overcome, avoided, and eliminated by utilizing the 
cooled product gas which has been heat exchanged with the 
refrigerating fluid, not to precool incoming gas, but to cool 
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pansion and evaporation in the dryer stage unit. Since the cool 
gas issuing from the dryer stage of the unit is, in accordance 
with my invention, heat exchanged with a condensing liquid, 
namely, the refrigerating fluid, the heat exchanger's structure 
for accomplishing this can be much smaller and simpler in 
construction than the bulky and inefficient gas-to-gas heat 
exchangers used heretofore to exploit the heat absorbing 
capacity of the cold dried gas. Furthermore by using the cold 
dried gas to condense part of the refrigerating fluid, in parallel 
with a conventional condenser using ambient air on the cold 
side to condense the rest of the refrigerating fluid in the cir 
cuit, I obtain not only the foregoing advantages but increased 
gas drying capacity, for a given size refrigeration system, in 
creased freedom from the effects of ambient temperature on 
the system capacity, and increased system flexibility in that by 
accepting wetter product gas from a particular system I can 
obtain a commensurately higher volume of product gas. 
By abandoning the prior art convention of utilizing product 

gas to precool input gas several other material advantages are 
obtained. First, the condensation of water from the incoming 
gas, which is the object of the whole operation, is carried out 
in a single exchanger, thus simplifying its collection and 
disposal. In addition, the overall size of the equipment, for a 
given capacity and product dew point, is much reduced. 

In accordance with other aspects of the invention several 
important equipment design advantages are obtained. One 
such improvement is in the provision of coupled heat exchan 
gers within a single enclosure, one of them being a gas-drying 
unit and the other being a condenser for the refrigerating fluid 
using the dried cool product gas as the coolant. Another such 
improvement is the provision of a specially structured heat 
exchanger for evaporating refrigerating fluid which minimizes 
objectionable accumulation of refrigerating fluid lubricant 
therein. 

In accordance with still further aspects of the invention I 
have found that by placing an indicator of the kind which 
changes color at a selected relative humidity in the gas stream 
as it is being reheated following moisture removal, I obtain a 
useful control indicator for assessing the performance of the 
dryer stage. 

It is an object of this invention to provide a method and ap 
paratus for drying compressed gas by refrigeration, which 
method and apparatus have improved flexibility in capacity, 
increased drying capacity, and decreased sensitivity to am 
bient temperature, compared to prior systems. 
A further object of this invention is to provide an apparatus 

for drying compressed gas by refrigerating it and separating 
the condensed water, which apparatus is smaller, simpler, and 
more efficient than those employed heretofore. 
Another object of the invention is to provide an improved 

refrigerating fluid evaporator, especially useful in a com 
pressed air-drying system, in which objectionable accumula 
tion of refrigerating fluid lubricant is overcome. 

Still another object of the invention is to provide a com 
pressed gas-drying system having a simple and effective in 
dicating means therein for measuring the performance of the 
dryer. 
The above objects and purposes, together with other objects 

and purposes can best be understood by considering the foll 
lowing detailed description, together with the accompanying 
drawings in which: 

FIG. 1 is an isometric view, somewhat simplified, of a 
preferred form of drying apparatus constructed in accordance 
with the invention; 

FIG. 2 is a flow diagram for the dryer of FIG. 1; 
FIG. 3 is a vertical sectional view, partly diagrammatic, of 

an alternate embodiment constructed in accordance with the 
invention, which embodiment is particularly useful for dryers 
having relatively small compressed gas flow rates; and 

FIG. 4 is a fragmentary elevational view of a portion of the 
dryer of FIG. 3, illustrating additional features of the inven 

and condense compressed refrigerating fluid, prior to its ex- 75 tion. 
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The general operation of the method and equipment of the 
invention can best be understood by considering first the flow 
diagram of FIG. 2. The equipment shown in FIG. 2 includes a 
first heat exchanger or chiller it, and a second heat exchanger 
or reheater R1. These are the principal pieces of equipment 
through which the gas to be dried is flowed, and in accordance 
with the invention it passes first through the chiller and then 
through the reheater. The gas handling portion of the equip 
ment also includes a water separator 20 and trap 12. 
The refrigeration circuit of the equipment includes com 

pressor 33, condenser 14, condenser fan S, receiver 6, and 
expansion valve 7. The various pieces of refrigerating equip 
ment are interconnected with one another, and with the 
chiller 10 and reheater A, by conduits to provide a sealed 
refrigeration system. Within the refrigeration system is a suita 
be refrigerant such as one of the common Freons. 
As can be seen from F.G. 2, wet compressed gas is in 

troduced to the unit through conduit 18, which conducts it to 
chiller 10. Here it is placed in heat exchange contact with the 
refrigerating fluid. Chiller () is preferably a heat exchanger of 
the tube and shell type, with the compressed gas being on the 
shell side, and the refrigerating fluid on the tube side. In chiller 
10 the wet compressed gas gives up heat to the refrigerating 
fluid, and in doing so vaporizes it. The wet gas thus fails in 
temperature below its dew point, and to a preseiected, or 
design temperature well below the dew point of the incoming 
gas. As it does so, the water vapor in the gas condenses and 
falls out of the gas as liquid water. Since the compressed gas is 
in contact with liquid condensed water in the heat exchanger 
10, it is substantially saturated throughout the exchanger at 
the temperatures prevailing at various points along the 
exchanger, but as the gas becomes cooler in its passage 
through the exchanger, it holds a smaller absolute amount of 
water (pounds per cubic foot). The cooled gas having a 
reduced moisture content then passes through conduit 19 into 
reheater 11. The condensed water also passes through conduit 
19 and separator 20 into trap 12. Water separator 20 and trap 
2 may be any one of several well known types which are 
capable of collecting water in a pressurized system and 
discharging it intermittently or continuously from the system 
without permitting any substantial loss of gas from the system. 

Reheater A1 is also preferably a heat exchanger of the shell 
and tube type, and the congressed gas is conveniently passed 
through it on the shell side while the refrigerating fluid passes 
through it on the tube side. In this manner, the cooled con 
pressed gas is brought into heat exchange contact with con 
pressed hot refrigerating fluid. The refrigerating fluid gives up 
heat to the compressed gas, thus warming it and raising it to a 
temperature preferably well above its dew point. The corn 
pressed gas thus has a low absolute water content, and a low 
relative humidity at its outlet temperature. The reheated dry 
compressed gas leaves the unit through conduit 22 and is con 
ducted to its point of use. 
The flow and utilization of the refrigerating fluid in the 

method and equipment of FIG. 2 can best be understood by 
tracing the flow from receiver 16, through the unit, and back 
to receiver 16. Liquid refrigerating fluid under pressure leaves 
receiver 26 through conduit 22 which conveys it to expansion 
valve i7. The expansion valve may be of any well-known type, 
including the capillary tube equivalent form. It is expanded 
through the valve and into the tube side of chiller () through 
conduit 23. In chiller 10 the refrigerating fluid is heated by the 
compressed gas on the shell side and is vaporized. It passes out 
of chiller 0 as a gas through conduit 24 which conveys it to 
compressor 3. Compressor 3 may conveniently be an in 
tegral motor-compressor in a hermetically sealed housing. The 
compressor increases the pressure on the refrigerating fluid 
gas, and the pressurized refrigerating fluid leaves the compres 
sor through line 25. 
Conduit 25 terminates at a distribution point 26. Part of the 

refrigerating fluid flows from the distribution point 26 into a 
conduit 27 which conveys it to the tube side of reheater a 1. 
Here the refrigerating fluid gives up heat to the cool air on the 

10 

5 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
shell side of reheater A and thus condenses. The condensed 
refrigerating fluid leaves reheater 11 through conduit 23 
which delivers it to receiver 16. The portion of the refrigerat 
ing fluid which did not pass through reheater 11 passes from 
distribution point 26 through conduit 29 to condenser A4. 
Condenser 14 may conveniently be a radiator type heat 
exchanger having finned tubes. Fan is forces ambient air past 
the finned tubes, and the refrigerating fluid in the tubes gives 
up heat to the air flowing over the tubes. The refrigerating 
fluid condenses and leaves condenser 4 through conduit 36 
which delivers it to receiver 6. 
With the foregoing description of the flow systems of FIG. 2 

completed, certain observations can be made concerning the 
operating advantages obtained. The compressed refrigerating 
fluid arriving at distribution point 26 will divide itself into two 
streams through parallel heat exchangers 11 and 14 on its way 
to receiver 16. The quantities of refrigerating fluid flowing in 
each of the two streams will depend upon and vary with the 
relative condensing capacity of the two heat exchangers 1 
and 4 at any given time. The condensing capacity of each 
exchanger is in turn a function of its heat flux at any given 
time, and as operating conditions, such as input gas tempera 
ture and humidity and ambient air temperature, vary, the heat 
fiux in the heat exchangers will also vary. As the heat flux in 
one heat exchanger increases, relative to the heat flux in the 
other exchanger, the pressure in the first exchanger, on the 
refrigerating fluid side, will tend to drop. This will increase the 
pressure differential between the interior of the first heat 
exchanger and the distribution point 26 upstream. In response 
to this increase in pressure differential, there will be an in 
crease in flow of refrigerating fluid from point 26 into the first 
heat exchanger, and a reduction in flow into the second. The 
flow into the first heat exchanger will increase until the pres 
sure in that heat exchanger is equal to that in the second heat 
exchanger. When this condition is reached, the relative flow 
rates in the two parallel streams will be stabilized until there is 
another relative change in the heat fluxes of the two heat 
exchangers. In summary, the flow rates in the two streams will 
continuously adjust to maintain equal pressures in the two 
heat exchangers. In this manner the condensing load is auto 
matically and continuously divided between the two heat 
exchangers in proportion to their relative ability to handle it. 
This self-division of the refrigerating fiuid condensing load 
between heat exchangers Ali and 14 contributes greatly to 
making it possible to increase the capacity of the unit by ac 
cepting a somewhat wetter compressed gas product stream, if 
conditions make this desirable. Thus, if the flow rate of yet 
gas into chiller 9 is increased, the gas leaving chiller 0 and 
entering reheater 1 will be warmer, and thus have less 
capacity to cool refrigerating fluid in reheater ail. The corn 
pressed gas entering reheater it could even be above ambient 
temperature. But such a condition will not materially reduce 
the amount of liquid refrigerating fluid supplied to receiver 
26, since condenser 14 will make up the deficiency. 
The parallel heat exchanger arrangement also improves the 

system's flexibility in handling input compressed gases of vary 
ing temperatures. Thus, assume that it is desired to dry the 
input compressed gas to a dew point a stated number of 
degrees below its input temperature. Assume further that the 
input temperature of the compressed gas rises so high that 
even after being chilled to the desired dew point, the gas in 
conduit 19 is above ambient temperature. Again, the com 
pressed gas in reheater 12 will be relatively disabled as a coo 
lant for a refrigerating fluid, but once again, the ambient air 
operated condenser 14 will pick up the load and provide suffi 
cient liquid refrigerant to the receiver to maintain the cycle. 

Despite the increased flexibilities just explained, the system 
illustrated in FEG. 2 has a reduced dependence on variations in 
ambient temperatures as compared with prior systems. If the 
ambient temperature rises, for example, and the condenser 14 
thus loses part of its capacity to liquify refrigerating fluid, the 
reheater it will tend to pick up more of the liquification load 
and assure a continuing supply of liquid to receiver 16. 
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Some variations in the invention can also be understood 
from a consideration of FIG. 2. Taking the compressed gas 
side of the system first, it should be noted that as a matter of 
flow path, separator 20 is positioned between chiller 10 and 
reheater 11. This is in fact a convenient location, but the 
separator can be located in other positions adjacent (in a flow 
path sense) chiller 10, and it may be desirable to so relocate it 
in order to take advantage of gravity flow to convey water to 
the separator. FIG. 2 shows a single chiller stage and shows it 
arranged for counter current flow of heat exchange fluids, but 
in accordance with heat exchange technology multiple chiller 
stages and/or concurrent flow may also be used. Similar com 
ments apply with respect to reheater 11. 
Turning to the refrigerating fluid side of the system it should 

be noted that FIG. 2 shows the use of a receiver 16, which pro 
vides a convenient "inertia" to reduce the sensitivity of the 
refrigeration circuit "inertia'minor operating variations in 
various parts, such as the compressor. However, a separate 
receiver is not especially and liquid refrigerant can be passed 
directly from its point of liquification to the expansion valve. 
FIG. 2 shows a forced air condenser 4, but in small units for 
the sake of economy reliance can be placed on a convective 
ambient air-type condenser. 
While it is preferred, especially in larger capacity units, to 

have the two heat exchangers which condense refrigerating 
fluid arranged in parallel, as they are in FIG. 2, many of the 
advantages of the invention are retained if they are placed in 
series. The series arrangement means that all of the refrigerat 
ing fluid will pass through both of the heat exchangers, but the 
division of the liquifying load between the two exchangers will 
still be accomplished, at least to a large degree. An arrange 
ment of the type just described is discussed in more detail in 
connection with FIG. 3. 

Certain of the structural features of the invention are shown 
in FIG. , where reference characters corresponding to those 
used in FIG. 2 are employed insofar as possible. The apparatus 
shown in FIG. includes a frame 35 with the tube heat 
exchangers mounted on the top thereof, and the refrigerating 
equipment, including the forced air condenser mounted on a 
tray 36 in the lower part thereof. Thus, chiller 10 appears 
toward the rear at the top of the unit, and it is provided with 
inlet conduit 18. Mounted beside it is reheater 11, also a cylin 
drical heat exchanger, equipped with outlet conduit 21. 
Chiller 10 and reheater 1 are connected by conduit 19 which 
extends from the bottom of chiller 10 hear one end to the bot 
tom of reheater 11 at one end thereof. Separator 20 depends 
from conduit 19. This arrangement has the advantage that 
separator 20 is positioned below both chiller 10 and reheater 
11 and can gather not only the bulk of the water, which con 
denses in chiller 10, but also any water which condenses in 
conduit 19 connecting them. 
As mentioned before, compressor 13, receiver 16, fan 15, 

and condenser 14 are mounted on tray 36. It is preferred that 
receiver 6 be mounted beneath the outlet of both reheater 11 
and condenser 14, to exploit gravity in gathering condensed 
refrigerating fluid into it. Expansion valve 17 appears at the 
upper left-hand side of FIG. 1 adjacent the refrigerating fluid 
input to chiller 10. The various conduits completing the 
refrigeration circuit are numbered just as they are in FIG. 2, 
and small arrows are used to indicate flow direction. 
While the chiller 10 illustrated in FIG. 1 is one having only a 

single tube serving as the tube side of the exchanger, it should 
be understood that the same basic construction can be used 
when the tube side is of the multiple tube type. Furthermore, 
in both single and multiple tube types the individual tubes may 
be formed into coils or trombone loops inside the chiller. 
Similarly, reheater 11 is shown as a single tube heat 
exchanger, but it may be built as a multitube type, with or 
without coiling or tromboning of the tubes within the shell. 
Turning now to the alternate embodiment of FIG. 3, it can 

be seen that it too has a chiller 10a, a reheater 11a, a gas inlet 
18a, a water trap 12a, and a gas outlet 21a, all being part of 
the compressed gas side of the system. On the refrigerating 
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6 
fluid side of the system, the unit of FIG. 3 has a compressor 
13a, an ambient air condenser 14a, and expansion means 17a, 
which are in the form of a coiled capillary tube. The unit 
shown in FIG. 3 has a number of constructional features which 
make it an advantageous system for use in situations where the 
flow of compressed gas is relatively low. 
While chiller 10a and reheater 11a are functionally separate 

heat exchangers, they are contained within a single heat 
exchanger shell 45. Shell 45 is closed at its upper end by head 
piece 46. The head piece 46 has gas outlet fitting 21a threaded 
to it. Refrigerating fluid conduit 47 is passed through the hole 
48 in the end of head 46 and is sealed in gastight manner by 
bulkhead fitting 49. 
The other end of shell 45 is similarly closed by head piece 

50 which has gas inlet 18a threaded into it. Head 50 also has a 
refrigerating fluid line 51 passing through it, and sealed in a 
gastight manner by bulkhead fitting 52. Conduit 53 is also 
threaded into head 50, and is attached at its other end to trap 
12a. 
As FIG. 3 shows, chiller 10a is positioned inside shell 45 

beneath reheater 11a, or, stated differently, shell 45 is 
oriented more or less vertically so that chiller 10a is below re 
heater 11a. This arrangement, combined with the placement 
of the water trap below chiller 10a insures that water con 
densing in chiller 10a, is effectively separated by gravity flow 
and gathered in trap 12a. Chiller 10a and reheater 11a are 
separated from one another within shell 45 by a piece of steel 
wool 53a or the like, which serves to deentrain mist which may 
be carried upwardly from chiller 10a, and thus functions as a 
water separator. 

Reheater 11a comprises a tube 54 through which refrigerat 
ing fluid to be condensed passes in heat transfer contact with 
cooled dry gas flowing upwardly through shell 45. The tube is 
fitted with fins 55 extending into the shell space to increase 
the available heat transfer area. Expansion capillary 17a is at 
tached to the bottom of tube 54 and condensed refrigerating 
fluid leaves tube 54 through the capillary. M 
The expansion capillary 17a is coiled in the shell space of 

chiller 10a, among other things, to conserve space while still 
obtaining the required length of capillary to enable it to func 
tion as a effective expansion means. It should be noted that an 
expansion valve may be employed in place of the capillary. 
The capillary 17a is connected to the bottom of tube 56 which 
forms the tube side of chiller 10a.Refrigerating fluid expands 
through the capillary and enters the bottom of tube 56 where 
it is presented in heat exchange contact with warm, humid gas 
flowing upwardly through chiller 10a. Tube 51 extends into 
heat exchange tube 56, as shown in FIG. 3, but terminates 
short of the upper end of tube S6. Refrigerating fluid which 
vaporizes in tube 56 passes into tube 51 which delivers it to 
compressor 13.a. Chiller tube 56, like reheater tube 54, is 
preferably equipped with fins 57 to increase the available heat 
transfer surface. 
The construction of tube 56 just described prevents un 

desirable accumulation of refrigerating fluid lubricant therein. 
The lubricants commonly mixed with refrigerating fluid are 
normally least soluble in the fluid at the point of lowest tem 
perature. It is here that they will tend to accumulate, and to 
the extent they collect at such a point in the system, they are 
unable to perform lubricating functions at other points, as in 
the compressor. 
The coldest point on the refrigeration side of FIG. 3 is near 

the bottom of tube 56, and thus lubricant will tend to separate 
from the refrigerating fluid, and form a liquid phase separate 
from the liquid phase of refrigerating fluid in the bottom of 
tube 56. However, as the refrigerating fluid vaporizes within 
tube 56, it passes upwardly to enter tube 51. In doing so, the 
upwardly moving vapors sweep a film of lubricant up the out 
side surface of tube 51, and ultimately into the interior of tube 
51. In this manner, the separated lubricant at the bottom of 
tube 56 is continuously reintroduced into the refrigerating 
fluid flow stream, and thus does not objectionably accumu 
late. 
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in the embodiment of FIG. 3 the condenser 14a is a simple 
finned tube, depending upon convection to move ambient air 
past it. However, if desired, other forms of condenser, includ 
ing fan driven condenser can be used. A refrigerating fluid 
bypass line 58 is connected between tubes 47 and SE and is 
equipped with valve 59. It serves as a means to shunt 
refrigerating fluid around the heat exchangers, thus varying 
the capacity of the system. An alternative means for the same 
purpose is a compressor capacity varying device, such as an 
on-off control. 
The flow paths through the unit of FIG. 3 can now be briefly 

outlined, and attention is directed to the small arrows on F.G. 
3 indicating flow directions. Compressed gas enters the trait 
through inlet 18a and passes through head S2 into the shell 
side of chiller 10a. It passes upwardly through chiller 10a, 
cooling and losing water as it does so. The cool gas passes 
through mist separating means 53a and into the shell side of 
reheater 1 a. It passes upwardly through reheater 1 a, 
becoming warmer in passage, and leaves the unit through head 
46 and outlet 21a. Water separating from the gas falls 
downwardly through the shell side of unit into head 56), and 
thence through conduit 53 to trap 12a. 

Refrigerating fluid is compressed in compressor 13a and 
delivered to condenser 14a where it gives up heat to ambient 
air. Little or even none of the refrigerating fluid may condense 
in heat exchanger 14a, but by losing heat it approaches the 
condensation point. The refrigeration fluid then passes 
through line 47 into the top of reheater a and condenses 
within tube S4 of the reheater. The liquified refrigerating fluid 
passes out of tube S4 and into capillary 17a, where it is ex 
panded and delivered to tube S6 of chiller (ba. Here the 
refrigerating fluid vaporizes and leaves tube S6 through tube 
51 which delivers it to compressor 13.a. From the foregoing it 
can be seen that the unit of FIG. 3 is one in which the two heat 
exchangers Rila and 4a are connected in series on the 
refrigerating fluid side, rather than in parallel, as the cor 
responding heat exchangers of FIGS. and 2 are. 

F.G. 4 shows in elevation the upper portion of the unit of 
F.G. 3. As can be seen in FIG. 4, the shell 4S is formed of 
transparent material. While the transparency of the shell is im 
portant for the purposes of the invention only in the region of 
reheater Rila, it is convenient to make it of transparent materi 
all throughout its length. Positioned inside shell 45, and 
running along the length of reheater a la is a strip of indicator 
material 60. Indicator 60 may conveniently be formed of a 
strip of paper impregnated with a chemical which changes 
color within a narrow humidity range, such as cobalt chloride 
or cobalt bromide. The particular indicator employed is a 
matter of choice, and the form of the indicator material may 
also be varied, as by distributing granules of indicator material 
along the fins of reheater Alia throughout most or all of its 
length. 
From the foregoing, it can be seen that the indicator extends 

along a substantial portion of the length of the reheater Raa on 
the compressed gas side thereof. Cool compressed gas enters 
the reheater with a relative humidity of substantially 100 per 
cent. As it warms during its flow through the reheater its rela 
tive humidity falls progressively, reaching its lowest level at 
the outlet end of the reheater, where it is warmest. In ac 
cordance with the invention an indicator is used which 
changes color at a relative humidity lower than 100 percent 
and higher than the designed output gas humidity. With an in 
dicator so selected, there will be a point somewhere along the 
length of the reheater where the gas will have a relative hu 
midity equal to that at which the indicator changes color. At 
such point a line of color demarcation will form on the strip of 
indicator material. Such a line is indicated at 6i on strip 60 in 
F.G. 4. 
This line of color demarcation I have found to be a useful 

control and monitoring means for the dryer. As the product 
gas becomes wetter, the line will move upwardly toward the 
output end of the reheater. As the product gas becomes drier, 
the line will move toward the input end of the reheater. For a 
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8 
particular unit the position of the line can be correlated with 
the relative humidity of the product gas, and after such 
calibration, separate measurements of relative humidity are 
unnecessary, since the operator can read the humidity directly 
from the color indicator. When the operator notes that the 
position of the color demarcation line has changed, he is in 
formed that the relative humidity has changed, and can deter 
mine, again by reference to a calibration scale, what the new 
relative humidity is. If the change is in an undesired direction, 
the operator can take steps, such as changing the flow rate, to 
return the relative humidity to the desired level. 

I claim: 
1. Dryer apparatus for compressed gas of the refrigerated 

type comprising a first heat exchanger adapted to present 
compressed gas to be died and refrigerating fluid to be 
evaporated in heat transfer relationship, water separator 
means mounted adjacent said first heat exchanger adapted to 
collect water condensing from said compressed gas in said first 
heat exchanger and to discharge said water from contact with 
the gas while preventing substantial loss of gas, a second heat 
exchanger adapted to present relatively dry cool compressed 
gas and refrigerating fluid to be condensed in heat transfer 
relationship, a third heat exchanger adapted to present am 
bient air and refrigerating fluid to be condensed in heat 
transfer relationship, compressor means for said refrigerating 
fluid, receiver means for said refrigerating fluid, expansion 
means for said refrigerating fluid, gas conducting means 
establishing a flow path for compressed gas from an inlet point 
through said first heat exchanger and then through said 
second heat exchanger, to an outlet point, and conduit means 
for said refrigerating fluid connecting said receiver, expansion 
means, first heat exchanger and compressor in series, and 
further connecting said second and third heat exchangers in 
parallel between said compressor and said receiver, said con 
duit means including distribution means providing for simul 
taneous delivery of said refrigerating fluid to said second and 
third heat exchangers. 

2. Dryer apparatus for compressed gas of the refrigerated 
type comprising a first heat exchanger adapted to present 
compressed gas to be died and refrigerating fluid to be 
evaporated in heat transfer relationship, water separator 
means mounted adjacent said first heat exchanger adapted to 
collect water condensing from said compressed gas in said first 
heat exchanger and to discharge said water from contact with 
the gas while preventing substantial loss of gas, a second heat 
exchanger adapted to present relatively dry cool compressed 
gas and refrigerating fluid to be condensed in heat transfer 
relationship, a third heat exchanger adapted to present am 
bient air and refrigerating fluid to be condensed in heat 
transfer relationship, compressor means for said refrigerating 
fluid, expansion means for said refrigerating fluid, gas con 
ducting means establishing a flow path for compressed gas 
from an inlet point through said first heat exchanger, and then 
through said second heat exchanger, to an outlet point, and 
conduit means for said refrigerating fluid connecting said ex 
pansion means, first heat exchanger and compressor in series, 
and further connecting said second and third heat exchangers 
between said compressor and said expansion means. 

3. Dryer apparatus for compressed gas of the refrigerated 
type comprising a first heat exchanger adapted to present 
compressed gas to be dried and refrigerating fluid to be 
evaporated in heat transfer relationship, water separator 
means mounted adjacent said first heat exchanger adapted to 
collect water condensing from said compressed gas in said first 
heat exchanger and to discharge said water from contact with 
the gas while preventing substantial loss of gas, a second heat 
exchanger adapted to present relatively dry cool compressed 
gas and refrigerating fluid to be condensed in heat transfer 
relationship, a third heat exchanger adapted to present am 
bient air and refrigerating fluid to be condensed in heat 
transfer relationship, gas conducting means establishing a flow 
path for compressed gas from an inlet point through said first 
heat exchanger and then said second heat exchanger, to an 
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outlet point, and a closed circuit compression-condensation 
expansion-vaporization refrigeration fluid system including 
conduit means delivering refrigerating fluid to be evaporated 
to said first heat exchanger and refrigerating fluid to be con 
densed to said second and third heat exchangers. 

4. Apparatus according to claim 3 in which said conduit 
means deliver refrigerating fluid to be condensed in parallel 
flow paths to said second and third heat exchangers, said con 
duit means including distribution means providing for simul 
taneous delivery of said refrigerating fluid to said second and 
third heat exchangers. 

5. Apparatus according to claim 3 in which said conduit 
means deliver refrigerating fluid to be condensed first to said 
third heat exchanger and then to said second heat exchanger. 

6. Apparatus according to claim 3 further comprising a 
transparent wall for said second heat exchanger rendering the 
gas side thereof visible to an external observer for a substantial 
portion of the gas flow path through said second heat 
exchanger, and indicating means changing color at a selected 
relative humidity positioned in said second heat exchanger on 
the gas side thereof in a location visible through said trans 
parent wall, said indicating means extending along a substan 
tial portion of the gas flow path through said second heat 
exchanger. 

7. Apparatus according to claim 3 in which said first and 
second heat exchangers are of the tube and shell type, and in 
which the compressed gas flows therethrough on the shell 
side, and further comprising a common generally cylindrical 
shell for said first and second heat exchangers, said shell being 
oriented to position said first heat exchanger at a level lower 
than the second, said water separator means including trap 
means mounted below said first heat exchanger, and said 
refrigeration system including refrigerating fluid expansion 
means positioned within said shell and connecting said second 
and first heat exchangers. 

8. A method for drying compressed gas by refrigerating it 
through the use of a closed circuit compression-condensation 
expansion-vaporization refrigeration fluid system comprising 
heat exchanging gas to be dried against liquid refrigerating 
fluid, thereby cooling the gas and condensing water from it, 
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10 
and evaporating refrigerating fluid, separating the condensed 
water from contact with the gas, collecting and compressing 
the evaporated refrigerating fluid, heat exchanging cooled gas 
with at least part of the compressed refrigerating fluid, thereby 
warming the gas and reducing its relative humidity, and con 
densing compressed refrigerating fluid, concurrently heat 
exchanging ambient air with at least part of the compressed 
refrigerating fluid, and removing warmed and dried gas to a 
point of use. 

9. A method according to claim 8 in which said compressed 
refrigerating fluid is heat exchanged with cooled gas and with 
ambient air in parallel streams, and in which at least part of 
said compressed refrigerating fluid is condensed by heat 
exchange with ambient air. 

10. A method for drying compressed gas by refrigerating it 
through the use of a closed circuit compression-condensation 
expansion-vaporization refrigeration fluid system comprising 
heat exchanging gas to be dried against liquid refrigerating 
fluid, thereby cooling the gas and condensing water from it, 
and evaporating refrigerating fluid, separating the condensed 
water from contact with the gas, collecting and compressing 
the evaporated refrigerating fluid, heat exchanging cooled gas 
with at least part of the compressed refrigerating fluid, thereby 
warming the gas and reducing its relative humidity, and con 
densing compressed refrigerating fluid, heat exchanging am 
bient air with at least part of the compressed refrigerating 
fluid, removing warmed and dried gas to a point of use and ex 
posing said gas during the warming thereof to an indicator 
changing color at a selected relative humidity extending along 
the path of flow of the gas being warmed, thereby obtaining a 
measure of the relative humidity of the warmed and dried gas. 

11. In the method of drying compressed gas by cooling it to 
a temperature below its dew point and reheating it along a 
flow path to a use temperature, the improvement which com 
prises exposing said gas during the reheating thereof to an in 
dicator changing color at a selected relative humidity dis 
tributed along said flow path thereby establishing a line of 
color demarcation in said indicator the position of which 
along said flow path is a function of the relative humidity of 
said gas at its use temperature. 


