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Compressed Air is usually conceded to mean air under a gage 
pressure of from 30 pounds per square inch up ; 3,000 pounds per 
square inch being the usual limit, and pressures of from 60 to 100 
pounds being the usual practice. Before going into the subject of 
Air Compression, however, it might be advisable to state briefly 
the chief characteristics of free air in order that its actions under 
pressure may be the more easily understood. 

The most important characteristic of free air and the one 
which bears most directly upon its efficiency when compressed is 
the fact that it expands when heated and absorbs moisture. The 
following table (Table 1) shows the effect of heat upon a given 

TABLE 1. 
Of the volume and weight of dry air at different temperatures under a con-

stant atmospheric pressure of 29.92 inches of mercury in the barometer 
(one atmosphere), the volume at 32° Fahrenheit being 1. 

10 5 
66 
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volume of air, and it will be seen that if this air is not allowed to 
expand and is confined in a given space the effect of heating 
is to raise the pressure. Conversely, therefore, when air is com-
pressed, its temperature is raised as shown in Table 2. 

TABLE 2. 
Heat Produced by Compression of Air. 

Pressure. 

Pou nds per 
Pounds per Sq. Inch ! 11

!  is 
;31 

Sq, Inch above the 
above  a At rn'ph're 

Vacuum ;  (Gauge 
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These tables apply to dry air only. The effect of moisture 
will vary the figures of temperature and to some extent will effect 
the pressures, but many useful deductions may be drawn from the 
tables. It is seen, for instance, by studying Table 1, that a volume 
of dry air will be doubled if its temperature is increased about 500 
degrees, and conversely, of course, if the volume remains constant 
an increase of about 500 degrees in temperature will double the 
pressure. The addition of moisture serves to increase these figures, 
because moisture increases both the specific heat and the heat-con-
ducting capacity of the air. 

The thermal results of air compression and expansion are 
shown by the accompanying diagram (Fig. 1). Both the temper-
ature of the air and its volume are shown at different stages of 
compression. The simplest application of this diagram is that 
which gives the gage pressure; represented at different points of the 
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stroke. This is shown in the vertical lines. But in compressing 
air we produce heat, and it is important to know the temperature 
at any given pressure, also the relative volume. All of these are 
shown in the diagram. The initial volume of air equal to 1 is 
taken and divided into ten equal parts, each division between two 
horizontal lines, shown by the figures at the right, representing 
one-tenth of the original volume. 

The vertical and horizontal lines are the measures of volumes, 
pressures and temperatures. The figures at the top indicate pres-
sures in atmosphere above a vacuum; the corresponding figures at 
the bottom denote pressures by the gage. At the right are volumes 
from one-tenth to one. At the left are degrees of temperatures 
from zero to 1000 0  F. The two curves which begin at the left-
hand corner and extend to the lower right are the lines of com-
pression; the upper one being the "Adiabatic" curve, or that which 
represents the pressure at any point on the stroke with the heat 
developed by compression remaining in the air. The lower is the 
"Isothermal," or the pressure curve at constant temperature. The 
three curves, which begin at the lower left-hand corner and rise to 
the right, are heat curves, and represent the increase in temperature 
corresponding with different pressures and volumes, assuming in 
one case that the temperature of the air before admission to the 
compressor is zero, in another 60 degrees, and in another 100 
degrees. 

Beginning with the adiabatic curve, we find that for one vol-
ume of air, when compressed without cooling, the curve intersects 
the first vertical line at a point between 0.6 and 0.7 volume, the 
gage pressure being 14.7 pounds. 

If we assume that this air was admitted to the compressor at 
a temperature of zero, it will reach about 100 degrees when the 
gage pressure is 14.7 pounds. We find this by following down the 
first line intersected by the adiabatic curve to the point where the 
zero heat curve intersects this same line, the reading being given 
in figures to the left immediately opposite. If the air had been 
admitted to the compressor at 60 degrees, it would register about 
176 degrees at 14.7 pounds gage pressure. If the air were 100 
degrees before compression, it would rise to about 130 degrees at 
this pressure. 

Following this adiabatic curve until it intersects line No. 5, 
representing a pressure of five atmospheres above a vacuum (58.8 
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pounds gage pressure), we see that the total increase of tempera-
ture on the zero heat curve is about 270 degrees; for the 60 degree 
curve it is about 370 degrees, and for the 100 degree curve it is 
about 435 degrees. The diagram shows that when a volume of air 
is compressed adiabatically to 21 atmospheres (294 pounds gage 
pressure) it will occupy a volume a little more than one-tenth; the 
total increase of temperature with an initial temperature of zero 
is about 650 degrees; with 60 degrees initial temperature it is 800 
degrees, and with 100 degrees initial it is 900 degrees. 

It will be observed that the zero heat curve is flatter than the 
others, indicating that when free air is admitted to a compressor 
cold the relative increase of temperature is less than when the air 
is hot. This points to the importance of low initial temperature. 
It is plain that a high initial temperature means a higher tempera-
ture throughout the stroke. The diagram gives the rise of tem-
perature during compresssion from initial temperatures of 0, 60 
and 100 degrees. If we compare the compression line from zero 
with the compression line from 100 degrees we observe that in 
compressing the air from, say, 1 atmosphere to 10 atmospheres, the 
original difference, which at the start was only 100 degrees, has 
now been about doubled ; that is, it has reached 200 degrees, and 
in carrying the compression to 20 atmospheres the difference 
becomes about 250 degrees. Each horizontal division represented 
by the figures at the left is equal to 100 degrees, and the space 
between any two adjacent horizontal lines may be subdivided into 
100 equal parts representing 1 degree each. 

Where there is a system of cooling the air during compression, 
the lines on the indicator cards can be traced between the adiabatic 
and isothermal curves on the diagram. In practice the best com-
pressors show a line about midway between these two curves. 
Compressors using a spray of water for cooling show a pressure line 
a little nearer the isothermal. 

For all practical purposes in using this diagram it is best to 
follow the adiabatic curve in all determinations, except where the 
exact pressure line is known. This diagram will be found con-
venient for those who are called upon to figure the pressures at 
different points in the stroke of an air compressor, and it points 
out the common error of neglecting to take into consideration in 
one's figures the fact that, at the beginning of the stroke, one atmos-
phere in volume already exists. Beginning at the upper left-hand 
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corner, the adiabatic pressure curve intersects the first vertical line 
at that point in the stroke when the pressure on the gage will regis-
ter 14.7 pounds. 

The next vertical line shows where the gage reaches 29.4 
pounds, and it is evident here that the piston of an air compressor 
travels much farther in reaching 14.7 pounds than in doubling 
that pressure or in reaching 29.4 pounds; thus an air compressor is 
an engine of unevenly distributed resistance. During the early 
stages of the stroke it has a slowly accumulating load to carry, 
while later on this load is increased very rapidly. This is one of 
the reasons for heavy fly wheels on air compressors. 

The loss due to the heat of compression is the greatest loss in 
the production of compressed air, and to prevent this a cooling 
medium is supplied that will abstract the heat of compression. 
Water is usually employed, and it has been used in various ways, 
calling into existence two distinct classes of compressors:— 

1. Wet Compressors, 
2. Dry Compressors. 

WET COMPRESSION. 

In the first class, water is introduced directly into the cylin-
der during the compression process, and in the second case no water 
is admitted to the air during compression. 
Wet compressors may be subdivided into two classes :- 

(a.) Compressors in which water is sprayed into the cylinder 
during compression, and 

(b.) Those which use a water piston for compressing. The 
first class of wet compressors has shown the highest degree of 
efficiency for single-stage (or simple) compressors, because the 
water is thoroughly mixed with the heated air and takes up the 
beat readily (due to the difference in the specific heats of water 
and air). The injected water must not be excessive, or damage will 
result to the compressor. An increased capacity also results from 
using water in the cylinder to fill the clearance spaces. 

The spray-injection compressor has been used mostly in 
France. It will show a higher thermodynamic efficiency than the 
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dry or jacketed compressor; its commercial efficiency, however, is 
not so high, owing to the fact that it must operate at a very low 
speed, the water preventing proper cylinder lubrication and im-
purities in the water attacking the walls of the cylinder. On this 
account, at the present time, there is probably not a single com-
pressor builder who follows the wet process. 

DRY COMPRESSORS. 

In the dry compressor the external walls of the cylinder are 
flooded with water. This has scarcely any cooling effect upon the 
air being compressed, however, as only a thin film of air is in 
contact with the cylinder walls, and that for a very short time. 
Jacketing is therefore effective only for cooling the cylinder walls 
sufficiently to prevent the lubricant from carbonizing. Efficient 

Fig. 2 

cooling can only be effected in compressors of the dry type by what 
is known as " stage compression," that is, compressing in two or 
more cylinders connected in series and passing the air through 
an intercooler, or nest of pipes through which cold water is cir-
culated, between each two stages. 
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It should be stated here that when air is compressed in a cylinder with-
out the removal or escape of any of the heat produced, the compression is 
known as " adiabatic." When compression is carried on in such a way that 
heat is removed is fast as it is produced, the compression is isothermal." 
In the first case the air delivered under pressure will be at the high terminal 
temperature corresponding to that pressure. In the second, the compressed 
air will have the same temperature at which it entered the cylinder. Adia-
batic compression is the kind which all pneumatic engineers seek to avoid, 
while isothermal compression is the impossible ideal. The actual results se-
cured in the best compressors are intermediate between these, but nearer to 
the adiabatic. With intercooliug the compression obtained is nearer the 
isothermal than is possible with any other form of dry compressor. 

The process is the same as though, supposing the compression 
to be carried on in a single cylinder, the piston were stopped for a 
moment at different points in the stroke, and the air, already par-
tially compressed and heated, withdrawn long enough to be cooled 
by some external means to its initial temperature and then re-
turned to the cylinder to be further compressed. It is evident that 
a fairly uniform temperature could be maintained in the air vol-
ume throughout the range of pressures from initial to terminal. 
The result would be in effect nearly that of isothermal compression. 
This is essentially what takes place in a stage compressor, and the 
practical results are made evident by a study of the combined indi-
cator diagrams shown in Fig. 2. In this case the air was com-
pressed in the low-pressure cylinder to 23 pounds per square inch 
absolute. Here it was passed through an intercooler and reduced 
in volume to such an extent that the compression line was brought 
very near to the isothermal line. The subsequent compression in 
the high-pressure cylinder carried the pressure to 85 pounds per 
square inch, at which point the compression line was still much 
nearer the isothermal line than the adiabatic, although the com-
pression in this cylinder was practically adiabatic. 

After much experimenting the manufacturers of air com-
pressors have fixed upon 80 pounds gage pressure as the maximum 
terminal pressure which can be most economically obtained in a 
single cylinder, and for pressures from 85 pounds up they have 
adopted compound compression in two, three and four stages, the 
number of stages increasing with the pressure, as follows:- 

Either single or two stage for pressures of 80 to 100 pounds. 

Two stage for pressures of 100 to 600 pounds. Either three or 
four stage for pressures above 600 pounds. 

The accompanying table (Table 3) shows the loss due to heat 
by adiabatic compression as compared with isothermal compres-
sion, or compression without gain or loss of heat. Any beneficial 
effect due to jacket cooling is not considered, but in the figures for 
stage compression the air is supposed to be cooled to atmospheric 
temperature (60° F.) by the intercoolers. 

Tables 4 and 5 show respectively the horse power developed 
in compressing a cubic foot of free air front atmospheric pressure 
(14.7 lbs.) to various gage pressures, and the per cent of work 
saved by compound compression compared with simple compres-
sion. 

TABLE 3. 

Showing the Maximum Loss of Work Due to Heat in Compressing Air from 
Atmospheric Pressure (14.7 Pounds) to Various Gage Pressures by 
Simple and Compound Compression.-" Copyrighted by F. M. Hitchcock." 

Initial Temperature of the Air in Each Cylinder Taken as 60° F 
( Jacket Cooling Not Considered) 

. - 
Maximum or Theoretical Per Cent. of Work Lost 

by Adiabatic Compression Compared 
Gage Number of 
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TABLE 4. 

Horse Power Developed in Compressing a Cubic Foot of Free Air from At-
mospheric Pressure (14.7 Pounds) to Various Gage Pressures.-" Copy-
righted by F. M. Hitchcock." 

Initial Temperature of the Air in Each Cylinder Taken as 60 0  F 
;Jacket Cooling Not Considered) 

Adiabatic Compression  

Isothermal -  

One Two. Three Our Compression 

Stage 	 , Stage Stage Stage 
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INTERCOOLERS. 

Intercoolers are of various designs, some being constructed 
to cool the air by passing it through coils of pipe, or nests of tubes, 
contained in tanks kept filled with cool running water, and in 
others the water is passed through the coils or tubes, and the air 
made to circulate about them, being split into thin streams and 
forced back and forth over the pipes by means of baffle plates, 
Fig. 3. In any design, however, the object is to remove all the 
heat produced by one compression before the next is begun. The 

TABLE 5. 

Showing the Per Cent of Work Saved in Compressing Air from Atmospheric 
Pressure (14.7) to Various Gage Pressures by Compound Compression 
Compared with Simple Compression." Copyrighted by F. .31.Hitcheock." 

Initial Temperature of the Air in Each Cylinder Taken  as  60a P. 
(Jacket Cooling Not Considered) 
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Pressure Two Stage Three Stage Pour Stage 
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Fig. 3 
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best intercoolers are provided with a sufficient amount of cooling 
surface to accomplish this, so that the air is taken into each com-
pression cylinder at practically initial temperature. 

The amount of cooling surface that intercoolers should have 
depends upon the capacity of the compressor and the number of 
compressions in each cylinder, together with the initial tempera-
ture of the air and of the cooling water ; but in ordinary two-stage 
compressors, working under average conditions, about one square 
foot of cooling surface should be provided for every 10 cubic feet 
of free air per minute. If the intercooler has an exceptionally 
generous allowance of cooling surface, and the cooling water is 
sufficiently cold, it is quite possible to cool the air passed through 
it to a temperature considerably lower than it had as free air when 
taken into the low-pressure cylinder. It is usual to figure on 
supplying a compressor with about one gallon of cooling water for 
every 50 cubic feet of free air it compresses. 

Receiver intercoolers should always be used, as they are 
much more efficient than intercoolers of small capacity, because 
they allow the air more time for cooling between stages, and also 
decrease the losses due to wire-drawing. If the intercoolers do 
not have good efficiency, there is no economy derived from using 
stage compressors. 

ALTITUDE COMPRESSION. 

When compressors are operated at altitudes considerably 
above sea level it is necessary to make radically different calcu-
lations as to the volume of air required, owing to the difference 
in the density of the atmosphere or free air. The barometric pres-
sure of air, usually taken at 30 inches at sea level, and which 
corresponds to an atmospheric pressure of 14.75 pounds per square 
inch, absolute, decreases with the increase in height above sea 
level. 

When stating the amount of air required to operate pneu-
matic tools and machinery, the amount at sea level is always 
meant, unless otherwise specified. As free air, however, varies in 
its weight at different heights, the amount of compressed air 
delivered by a compressor at a given terminal pressure varies at 
different altitudes. The volume of air displacd by the compressor 
piston is, of course, the same under all conditions, but the effi-
ciency of an air compressor of a given capacity, measured in 
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delivered compressed air, decreases rapidly with the increase in 
altitude. 

As a matter of fact, however, this difference is partially com-
pensated for by the fact that the compressed air motor discharges 
against a lower pressure, thus securing practically the same ratio 
of expansion in both cases, provided the air could be used expan-
sively. Usually it is not advisable to permit of much expansion, 
owing to the freezing at the exhaust. If reheaters are used, how-
ever, considerable expansion may be effected. 

Mr. F. M. Hitchcock has written authoritatively upon air 
compression at altitudes, and the tables shown herewith were cal-
culated by him and are reproduced by his permission. The first 
table (Table 6) is derived from the following formula, which 
represents the relation of the volume of air at an altitude to that 
at sea level when compressed to a given pressure. 

P 	P 
■ 	: : 	1--b= 

2 
in which 

vi=volume of free air at sea level. 
CC 	it 	 ii 

V2= 	 altitude. 
Pt  =atmospheric pressure at sea level. 
P2 

CC it  altitude. 
P---gage pressure at which air is delivered. 

Table 7 gives the horse power required to compress one cubic 
foot of free air at various altitudes from atmospheric pressures to 
gage pressures in one and two stages. At sea level it is advanta-
geous to compress air to 85 pounds or over in two or more stages. 
Owing to the fact, however, that air is of less density at high 
a]titudes, the number of compressions that are necessary for the 
required gage pressure are increased, and there is, therefore, far 
more economy in compounding at high altitudes than at sea level. 
For the same reason it pays to compound at altitudes for lower 
pressures than at sea level. 

As an illustration of the use of the tables, consider that 1000 
cubic feet of free air is compressed to 80 pounds at sea level by 
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simple compression. The horse power developed is 1000x.158 
(Table 7)=158. Considering the compression to be at an alti-
tude of 10,000 feet, from Table 6 it is seen that the volume must 
be increased 39.4 per cent in order that the compressed air at the 
altitude may be equivalent in effect to that at sea level. In other 
words, a volume of 1394 cubic feet of free air is required. The 
horse power factor for simple compression to 80 pounds at 10,000 
feet altitude is seen to be 0.134 (Table 7), so that 1394 feet x 
0.134=186 horse power is required for the same effect. This 
may also be obtained by multiplying the horse power required at 
sea level (158) by the percentage of increase given in the right-
hand column of Table 8 (0.18). 

The figures for horse power given in Table 7 do not include 
friction losses, for which 10 to 15 per cent should be added, de-
pending upon the efficiency of the compressor used. In connec-
tion with the air end, it should be borne in mind that steam-
actuated compressors exhaust into lower atmospheric pressure at 
altitudes, so that the back pressure is less; therefore, for the same 
steam pressure as at sea level there is a gain in the net mean effee• 
tive pressure obtainable from the steam, which should be consid-
ered in designing steam -actuated compressors for use in high 
altitudes. 

THE COMPRESSED AIR POWER PLANT. 

Concentration and centralization in the generation of power 
are now the standard practice in all industries, and the central 
compressed air power plant is, therefore, of considerable interest, 
as it is a comparatively recent departure in compressed air work, 
and is receiving widespread attention. For, while compressed 
air as a means for transmission of power is by no means new, it 
is only within the last few years that the central air compressing 
plant for general power purposes has become a recognized feature 
of industrial economy. 

Central compressed air power plants may be classed under 
two headings:— 

Temporary Plants. 
Permanent Plants. 

The former are made up largely of compressed air installa-
tions for contractors, and comprise only such apparatus as may be 
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easily transported and erected. In selecting a compressor for 
such a plant it is first necessary to know the number of cubic feet 
of free air per minute required. 

The reader has probably noticed the extensive number of 
tables contained in this article, and in the section devoted to for-
mulas and tables he will find a great many more. The authors 
believe that too much emphasis cannot be ]aid upon the value of 
tabulated data in connection with compressed air work, and it has 
been their desire to present a sufficient array of tables to enable 
anyone to figure out his own requirements. 

Fig. .4 

After ascertaining from tables, therefore, the amount of air 
required, it is advisable to select a compressor of considerably 
larger capacity ; first, because practically all air compressors are 
rated at higher speeds than it is advisable to operate them; and, 
secondly, because all builders of air compressors rate their ma-
chines by " piston displacement" In other words, if a machine 
is rated to deliver 300 cubic feet of free air per minute, it means 
that this is the volume which the piston displaces per minute at 
rated speed and not the actual quantity of air delivered. An 

allowance of at least 10 per cent should be made for the volu- 

metric inefficiency of the compressor, and it is usually advisable 
to purchase a machine of 50 per cent greater capacity than the 
work in hand requires in order that proper provision may be made 
for future growth in the plant. 

Practically the only type of air compressors adapted for use 
in temporary plants is the straight-line type. This class of com-
pressor, as may be seen from the illustration, is self-contained, 
supported on a single frame, easily transportable, does not require 
a special foundation, and may be quickly lined up and erected. 
Furthermore, machines of this class are strong, durable and simple 
in construction, are adapted to rough usage, and do not require 
the services of a skilled mechanic in the engine room. 

In installing a temporary plant care should be taken to 
obtain cool air for the compressor, for every five degrees' reduc-
tion in temperature of the intake air means a gain of about 1 per 
cent in the volumetric efficiency of the compressor. Circulating 
water should be provided for the cylinder jackets, and, if it is 
desired to economize in the use of water, water heated in the com-
pressor may be used to feed the boiler after leaving the compressor 
jacket. 

Before leaving the subject of the straight-line air .:ompressor, 
it might be well to say a few words regarding the valve gears in 
use on these machines. As a general rule the steam cylinders, 
especially on the larger machines, are fitted with Meyer cut-off 
valves, smaller machines being fitted with plain slide valves. 
The air end of the compressor, however, presents a variety of 
valve types, a common one being horizontal poppet valves for both 
inlet and outlet. Some makes of straight-line compressors are 
fitted with Corliss air inlet valves and poppet outlet valves. 

Straight-line air compressors are sometimes constructed with 
two-stage air cylinders, arranged in tandem and with Corliss steam 
valve gear. There is but little demand for such machines, how-
ever, and they are not to be commended, for, if the requirements 
of the plant point to the installation of a two-stage machine, the 
duplex type is much more efficient than the straight-line, owing 
to the fact that the load is more evenly distributed, thereby giving 
higher economy in compression, better equalizing of the strains in 
the machine and better regulation. Furthermore, if one is to pay 
the higher price for a two-stage straight-line machine fitted with 
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Corliss valves, it would be as well to spend a little more and obtain 
a duplex compressor.. 

PERMANENT PLANTS. 

Permanent compressed air power plants should represent all 
that is best in compressed air practice. As a matter of fact, very 
few of them do, especially the plants in coal mines, where fuel is 

Fig. 5 

cheap. This condition is to be regretted, as it acts as a handicap 
to compressed air and creates a false impression of its economy 
and efficiency. The permanent compressed air power plant should 
be fitted with only the latest and most economical compressors and 
operated condensing. The two-stage compressor is, therefore, the 
best machine for this service and should be fitted with compound 
steam cylinders, if the steam pressure is high enough to warrant 
it Such a machine will be very economical of steam and will 
require but slight attention, the air regulator governing the speed 
to conform to variations in load. 

Compressors for use in permanent plants are constructed in 
a variety of styles and types and may be classed as follows:— 

CORLISS VALVE GEAR ON STEAM CYLINDERS. 

STYLI OF COMFELIMOIL 

Approximate 
Water Rate 

per 
1. H. P. Per Hour 

Condengiug 

Approximate 
Water  Rada 

Per 
I. H. P. Per Hour 
Non-Condensiog 

Two-Stage Air with Compound Steam Cylinders 13-18 22-25 

a 	" 	" 	" 	Duplex 	if 	 if 22-25 25-30 

Duplex 	" 	" 	Compound 	" 	f i 13-18 22-25 

.o 	" 	" 	Duplex 	f f 	 tr  22-25 25-30 

MEYER CUT-OFF VALVE GEAR ON STEAM CYLINDERS. 

STFOI OF COMPRE9.9011 
itgl:rxta.th 

per 
1. H. P. Per Hour 

Condensing 

Approximate 

per 
1. H. P. Per Hour 
Non-Condensing 

Two-Stage Air with Compound Steam Cylinders 22-25 25-25 

if 

" 	 " 	 " 	 " 	 Duplex 	 f f 26-30 32-35 

Duplex 	" 	" 	Compound. 	" 	f f 22-25 25-28 

.,., 	a 	" 	Duplex 	o 	If  26-30 32-35 

Small machine shops are generally fitted with belt-driven 
compressors, or either electric-motor or gas engine-driven ma-
chines. The water rates given above are approximate only, and 
are the average of a great many tests. In some individual cases 
differences of from two to four pounds occurred, but the authors 
believe that they are close enough for all practical purposes and 
that they represent performances under ordinary conditions. It 
will be noted that the Corliss compressors are rated at a lower 
steam consumption than the Meyer valve machines. 

CARE OF COMPRESSORS. 

Lubrication. The Droner lubrication of air compressors is 
most important, as air cylinders do not require oil either in quality 
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or quantity as do steam cylinders. What is good for one is bad for 
the other. A steam cylinder needs oil of low flash point and in 
large quantities, as the tendency of wet steam is to wash the oil 
out of the cylinder. Not so with air; there is no washing tendency 
and very little oil will last a long time. This oil should be of the 
best quality obtainable and of a high flash point. It should be a 
non-coking oil, that is, when evaporated on a piece of hot metal it 
should not leave a deposit of carbon. This is a point which has 
been very much neglected, and this neglect is responsible for much 
waste of money and, what is worse, for explosions, which destroy 
property and threaten lives. 

The actual amount of oil which should be used in an air 
cylinder is one-quarter of that which should be used in a steam 
cylinder of the same size. This might be considered a maximum, 
as very much less will often suffice, especially where the oil is of 
the best quality. Too much oil, where there is a coking tendency, 
results in the choking and gumming of valves and ports. A dis-
charge valve may stick through coking, in which case it will 
admit some of the hot compressed air into the cylinder against 
the receding piston, which upon the return stroke is compressed 
and carried to a temperature beyond the flashing point. 

Cleaning Valves. Sometimes when discharge valves give 
trouble they are cleaned by injecting kerosene; this is a fatal error. 
Kerosene should never be used in the air cylinder, but, instead, 
the oil-cups should be filled with soap-suds, made preferably of 
soft soap, which should be fed into the cylinder ; the compressor 
should be run on soap-suds instead of oil for a day each week, 
care being taken to feed oil for a half hour before shutting down, 
so that the parts may not be subject to rust, which is the only 
danger from soap-suds. 

It is very good practice to keep an extra set of discharge valves 
on hand, as this enables the engineer at any time to replace those 
on the compressor with clean ones. The change may be accom-
plished in a very few minutes and the dirty valves may be thor-
oughly cleaned by the engineer at his leisure. 

RECEIVERS. 

Every compressed air power plant should be fitted with an 
adequate receiver, or, sometimes, several receivers, to take care of  

the fluctuations in the air line and of the pulsations of the com-
pressor. A receiver also gives the air a chance to deposit part of 
the moisture expelled through compression and prevents this water 
from being carried over into the air mains. 

The proper size of receiver to handle a given quantity of 
compressed air may be ascertained by consulting the trade cata-
logs. In case, however, it is desired to determine this factor theo-
retically, it may be easily accomplished by the following method :-  

1st. Determine the maximum capacity of the compressor per 
minute in free air (piston displacement per minute will do). 

2d. Calculate what volume this air will occupy at the work-
ing pressure, and this will be the required volume of the receiver. 

This is a very easy calculation to make, as the following 
example will illustrate: 

Suppose the maximum piston displacement of compressor 
per minute is 65 cubic feet. 

Working pressure=80 pounds (gage). 
To determine the volume of 65 cubic feet of free air when 

compressed to 80 pounds' pressure, the following formula may be 
used: 

14.7 V, 

In which V,=maximum piston displacement in cubic feet per 
minute= 65. 

P2 =working pressure (gage) =80 pounds. 
V2 =volume of the air at the higher pressure. 

Substituting in this formula we have: 

14.7x65 
V2 = 80+14.7  —10 cubic feet. 

This would be the volume of a receiver 18 inches in diameter 
and 6 feet long. It is therefore possible, by using the above for-
mula, to determine approximately the minimum sized receiver 
necessary, but in making selection a larger one is preferable. 
There is no drawback in having the receiver too large; in fact, most 
troubles are caused by the receiver being too small to overcome 
fluctuations in pressure and by not allowing the air to remain 
stationary long enough to cool and to deposit part of its moisture. 

V - 
2  P2 +14.7 



COMPRESSED AIR. 

AFTERCOOLERS. 

It is often necessary to obtain -dry" air from the compressor 
plant. This is notably the case in railway yards where compressed 
air is used for operating switches and signals. In this work the 
pipes are laid horizontally under the ground, and there is usually 
no point at which entrained moisture may be allowed to accumu-
late and be drained off. Furthermore, the pipes are small and the 
switch mechanisms so delicate that any water carried into them 
would be liable to cause trouble. " Dry" air is secured by means 
of an aftercooler, or a receiver fitted with pipes through which cold 
water is circulated in the same manner as in an intercooler. Some-
times, however, aftercoolers consist simply of a nest of pipes 
exposed to the atmosphere, and the compressed air is led through 
them on its way to the receiver. 

Aftercoolers may be installed at slight expense and form a 
very valuable addition to a compressed air plant where the air is 
used in operating pneumatic tools and other delicate appliances. 

REHEATERS. 

It has already been shown that air when heated expands. It 
is, therefore, evident that if compressed air be heated just before 
it enters a motor cylinder its volume will be increased and more 
work may be obtained from it. By reheating air, therefore, some 
of the work which was lost in compression, due to inefficient cool-
ing, may be regained and the efficiency of the cycle increased. It 
pays then to use a reheater. Just how much it pays is still a 
matter open to discussion; it depends, for one thing, on the cost 
of fuel. It is certain, however, that theoretically the cost in heat 
units of the volume of air produced by reheating is less than one-
eighth of the cost of the same volume produced by compression. 
As a general rule, a gain in efficiency of from 15 to 20 per cent 
may be counted upon as a result of reheating. In order, however, 
that reheating may be effective, the reheater should be placed very 
close to the motor cylinder, as air cools very rapidly when trans-
mitted through pipes exposed to the atmosphere. 

TRANSMISSION. 

There are numerous formulas for the flow of compressed air 
in pipes, of which D'Arcy's is the most generally used. In this 
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formula D=cubic feet of compressed air discharged per minute 
Under the terminal pressure from a pipe of any diameter and 
length; d=inside diameter of pipe in inches; p=allowable drop 
in pressure during transmission; w=density of the compressed air 
at the initial pressure; 2=length of pipe in feet; c=a coefficient 
found by experiment ; then 

D=c -  id5x 
p 

 N w 

The following tables give values for w, -Vw, and for 0/d5  
which will greatly facilitate the making of calculations with 
D'Arcy's formula: 

TABLE 9. 
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1 2 3 4 5 1 2 3 4 5 

1 1.048 0.8626 45.3 45.3 5 5.025 19.99 58.4 3298 

11 1.38 1.49 47.8 86.0 6 6.065 28.888 59.5 5273 

1} 1.61 2.03 50.3 138.3 7 7.023 38.738 60.1. 7817 

2 2.067 3.356 
_ 

52.7 297 8 7.98 50.04 60.7 10988 

14872 

19480 

30920 

2i 2.46 4.78 54.4 537 9 8.937 62.73 61.2 

3 3.026 7.388 56.1 876 10 10.019 78.839 61.8 

3} 3.56 9,83 56.9 1,304 12 12.00 113.098 62.1 

4 4.026 12.73 57.8 1,856 14 14.25 159.485 62.3 45699 

4i 4.5 15.93 58.1 2,492 16 16.4 211.24 62.6 64102 


