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This invention relates to reciprocating compressors. 
In one aspect it relates to bottle-type clearance apparatus 
for such compressors. 
The natural gas and gasoline industries use large num 

bers of reciprocating or piston compressors. The com 
pressors are used, among other purposes, for compressing 
hydrocarbon gases prior to extraction of condensible or 
gasoline boiling range hydrocarbons, for pumping gas 
in gas gathering pipe lines, in transmission pipe lines and 
for many other and varied purposes. 

Power units for operating many gas compressors are 
frequently selected to operate at or very near capacity 
for maximum operating efficiency and for savings in 
capital investment. And further, these power units are 
selected to operate at capacity for compressing gas from 
an available known intake pressure to a desired outlet 
pressure. For example, a compressor installation may 
be designed for compressing gas from a field, from which 
a small amout of gas may be available for compression 
at a relatively low pressure. After the field is fully 
developed or the gas-oil ratio increases, the pressure of the 
gas frequently starts to increase. This increase in field 
pressure often effects an increase in pressure in the suc 
tion manifold of the compressor system. Such a pres 
sure rise means that the compressor cylinders will receive 
an increased quantity of gas on each suction stroke. 
Since the compressors are discharging against a constant 
pressure, the compression of this increased quantity of 
gas will increase the horsepower demand on the power 
unit which was originally operating at its full rated power 
output. This increased power demand will then overload 
the power unit. Another compressor installation may be 
designed for compressing a gas from a field which is in its 
flush period of production. During this flush period the 
gas pressure available in the suction manifold of the 
compressor installation is relatively high. However, it 
is known that this gas pressure will decline and that the 
field will subsequently produce at lower pressures and 
over a long period of time. 

In either type of production, compressor cylinders are 
usually selected so that the power units will be fully 
loaded when the compressors are operating at the ex 
pected lower suction pressure. The compressor cylin 
ders so selected will overload the power units during the 
higher pressure production period because of the higher 
inlet pressure. Thus it is necessary to adjust the volu 
metric efficiency of the compressor cylinders so as to 
load fully, but not overload, the power units during these 
higher pressure production periods. 

Several methods have heretofore been available for 
solving such an engine-overload problem; 1st, installa 
tion of a larger power engine; 2nd replacement of the com 
pressor unit with one having a smaller cylinder; 3rd, re 
placement of the original compressor cylinder and piston 
with a smaller cylinder and piston which procedure may 
sometimes be followed since many compressors are adapt 
ed for such alteration; and 4th, installation of external 
clearance pockets, a clearance pocket being defined as an 
attached gas receiving space in direct communication 
with the compressor cylinder such that there is an in 
crease in residual gas voiume at the end of compression 
stroke. The first two of these methods involves con 
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siderable investment, while the third involves less, yet 
appreciable expense. The last method requires the 
least expenditure but its range of application is some 
what limited. 
The installation of external clearance pockets on the 

side of a compressor near the head end is possible only 
when connections or passageways were provided by the 
manufacturer in the original castings. Frequently a 
compressor cylinder head has suitable connections and 
if not they may be provided later in many instances. 
However, the installation of external clearance pockets 
on the head end only is an undersirable means of decreas 
ing the volumetric efficiency of a double acting compres 
sor cylinder. When it becomes necessary to reduce the 
volumetric efficiency of such a cylinder by installation 
of external pockets on the head end only of the cylinder, 
approximately twice as much clearance must be installed 
on the head end when no connection is available on the 
rod or crank end of a double acting cylinder. When 
more than one pocket is installed on a compressor cylin 
der the clearance is regulated stepwise that is, by open 
ing one pocket, two pockets or more. Likewise, removal 
of clearance is stepwise. 
The third method mentioned above for solving such 

an engine overload problem, that is, changing to a smaller 
cylinder, may involve changing cylinders on compressors 
having, for example, a 17 inch diameter cylinder and 
piston to a 16, 15 or even 14 inch cylinder and piston. 
Thus a supply of cylinders and pistons would nedd to be 
available. Warehouse stock of this type runs into con 
siderable expense. 

I have found that the disadvantages in the stepwise use 
of conventional external clearance pockets are overcome 
by using the adjustable clearance bottle of this invention. 
An object of this invention is to provide an inexpensive 

apparatus for adjusting the volumetric efficiency of gas 
compressors. Another object of this invention is to pro 
vide an inexpensive apparatus for adjusting the volu 
metric efficiency of gas compressors to keep the compres 
sion load within the rated horsepower of the power cylin 
ders driving the compressors. Still another object of 
the invention is to provide apparatus for regulating the 
volumetric efficiency of gas compressors gradually so 
that any desired degree of adjustment is obtained. Still 
another object of this invention is to provide an inexpen 
sive apparatus for the gradual adjustment of the volu 
metric efficiencies of gas compressors without need for 
shutting down the compressors to make the adjustment. 
Yet another object of this invention is to provide means 
for the gradual adjustment of the volumetric efficiency 
of gas compressors, with the apparatus therefor being ex 
terior of the compressor and of such size and construc 
tion that only a single piece of equipment is required. 
Many other objects and advantages of my invention will 
be apparent to those skilled in the art from a careful 
study of the following disclosure and attached drawing 
which respectively describes and illustrates a preferred 
embodiment of my invention. 

in the drawing, FIGURE 1 illustrates, in diagram 
matic form, a longitudinal view, partly in section, of a 
clearance bottle of this invention. 
FIGURE 2 is a longitudinal view, in section, of ap 

paratus parts of FIGURE 1. 
FEGURES 3, 4, 5 and 6 are views of auxiliary ap 

paratus required for installing the clearance bottle on a 
compressor. FIGURES 7 and 8 show the bottle as in 
stalled. 

In FIGURE 1 of the drawing, reference numeral 1. 
identifies a cylinder of the clearance bottle. To one end 
of this cylinder Eli is attached a swage 12, one end of 
which conforms with the diameter of cylinder 11 and is 
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attached thereto by weld 13. The other end of the swage 
is of such size as to be suited for attachment to the com 
pressor cylinder. The other end of the cylinder 11 is 
closed by a cap 14. This cap is constructed of a half 
coupling 15 having one end closed by a steel plate 16 
attached thereto by weld 19. Handles 7 are attached 
to the plate 16 by welds 18 as illustrated. Between the 
steel plate 16 of the cap and the end of the cylinder 11 
is provided a gasket 41. This gasket is ordinarily an as 
bestos gasket. 

For the adjustment of the clearance volume there is pro 
vided a movable piston 23 provided with rings 29. An 
axial opening thru piston 23 provides a passageway for 
a fully threaded piston rod 27. A nut 24 is welded at 
28 to rod 27 near its end within cylinder 11 and a lock 
nut 25 fixes piston 23 firmly against fixed nut 24. This 
lock-nut is prevented from becoming unthreaded by a 
cotter key 26. This cotter key is inserted through an 
opening in nut 25 and through an opening in the piston 
rod 27. However, if desired nut 25 can be a castle type 
nut. - 

On the side of the cap plate 6 facing the piston is po 
sitioned a threaded nut 20 held rigidly in place by weld 
22. This weld 22 as well as weld 28 may or may not 
be a gas tight weld. 
On the upper surface of the cap plate 16 is provided 

a threaded nut assembly 2. This threaded nut and an 
important auxiliary piece of apparatus are illustrated in 
detail in FIGURE 2, 

In FIGURE 2, the nut assembly 21 is shown as being 
composed of a threaded nut 30 having its lower end 
beveled as illustrated. The bevel surface 33 is so po 
sitioned that the bevel surface faces the threaded piston 
rod 27 when installed threadably inside this nut. While 
this nut 30 can be either a hexagon or a square nut the 
bevel surface 33 terminates at its downward edge sub 
stantially as a circular edge 39. The conventional 
threads in nut 30 are identified by reference numeral 32. 

In the lowermost portion of FIGURE 2 is illustrated 
athermoplastic washer 31 the uppermost portion of which 
is also frusto-conical in shape to conform to surface 33. 
This bevel or frusto-conical surface of the washer 31 
is identified by reference numeral 36. The lower por 
tion of washer 31 is actually a short cylindrical section 
35. This cylindrical section of the washer 31 extends 
outward beyond the edge 39 of nut 30. This outward 
extension is provided so that upon threading the nut 30 
tightly toward the surface or element to be sealed the nut 
compresses the washer 31 in sealing relation. The Wash 
er 31 is provided with threads 34 of the same pitch and 
type as threads 32 of nut 30. 
A handle 37 is inserted through an opening 38 in the 

upper end of the threaded piston rod 27. 
The small threaded end 12a, of swage 12 of the bottle 

can be threaded directly into the cylinder head or can, 
if desired, be attached thereto by a flange 49 which in 
turn is bolted to the exterior of the cylinder head. 

Since compressors ordinarily vibrate somewhat means 
are herein provided for maintaining the clearance bottle 
assembly rigidly attached to the compressor. 
The means for holding tightly this clearance bottle 16 

in its proper installed position includes a clamp or brace 
band 42. This band comprises semi-circular clamp Sec 
tions 43 provided with ears 44 welded to the clamp sec 
tions 43 by welds 48. Each of these ears is drilled for 
an opening 45 for accommodation of a bolt. The ends 
of the semi-circular clamp sections 46 are bent in the 
directions illustrated and provided with bolt holes for 
accommodation of bolts 47 as illustrated. FIGURE 3 
is a top view looking downward or a bottom view looking 
upward on the clamp assembly while FIGURE 4 is an 
elevational view thereof. 

In order to hold the bottle actually in position the 
clamp assembly is positioned around the cylinder 11 of 
the bottle at a point fairly close to the cap end thereof. 
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4. 
Braces 49 are provided as illustrated in FIGURES 5 
and 6. 
FIGURES 7 and 8 illustrate the clearance bottle of 

this invention as installed on the low pressure stage cylin 
der of a two stage compressor. In these figures the low 
stage compression cylinder 50 is provided with an open 
ing matching the opening in swage 2. The Small di 
ameter end 22a of the bottle is threaded into flange 40 
which in turn is bolted to the cylinder head 50a. These 
diagrammatic illustrations of the compressor include 
piston 52, piston rod 53, source of motive power 54, 
valve 56, exhaust passageway 57, and passageway 55 
communicating the interior of the clearance bottle 68 
with the interior of the cylinder. This compressor rests 
on a foundation 51 positioned on ground level 58. Ref 
erence numeral 59 identifies the high pressure stage cylin 
der of the two stage compressor. 

in an actual installation of this adjustable clearance 
bottle of this invention the bottle cylinder i? was 16 inches 
in length and was actually a piece of 6 inch schedule 40 
seamless pipe. This pipe had an I.D. of 6.1 inches. The 
swage 2 was a 6 inch X 2 inch extra heavy swage, butt 
welded at 13 as mentioned hereinbefore to one end of 
the pipe cylinder. E.g. The end of pipe i opposite the 
swage was threaded to accommodate the half coupling 15 
of the cap. The piston 23 was 2 inches in length and was 
provided with two cast iron piston rings. The threaded 
piston rod 27 was a 1 inch diameter cold rolled steel rod. 
This rod was threaded with /8 inch V threads. The rod 
was threaded throughout its entire length as illustrated 
in FGURE 1. The nuts 23, 2, 24 and 25 were also 
threaded with % inch W threads to fit the exterior threads 
of the piston rod 27. Based on an I.D. of 6.1 inches and 
a 14 inch (16 inch cylinder minus 2 inch piston length) 
piston stroke there is a volume of approximately 408.8 
cubic inches for clearance adjustment purposes. 
The clearance bottle of this invention was installed on 

a joy low stage cylinder of a 2 stage compressor and 
provided proper and effective clearance adjustment. The 
low stage compressor cylinder of this compressor had a 
15% inch diameter cylinder and the high pressure stage 
had a 10% inch cylinder with piston strokes of 7-inches. 
After use for some time on this compressor the clearance 
bottle was removed therefrom and permanently installed 
on one cylinder of an ingersoll-Rand compressor. This 
latter compressor comprised one low pressure cylinder 
and one high pressure cylinder. The low pressure cyl 
inder was 18 inches in diameter and the high pressure 
cylinder 11 inches in diameter, both with a stroke of 5 
inches. 
The thermoplastic washer 35 was made of Teflon 

thermoplastic material. This washer when constructed of 
the shape and form illustrated in FIGURE 2 fit tightly 
into the frusto-conical space and against the surface 33 
illustrated in this figuure. The washer was also threaded 
with % inch V threads to conform to the threads on rod 
27. Upon tightening somewhat nut 39 the Teflon washer 
Sealed tightly against the threaded piston rod 27, against 
the beveled or frusto-conical surface 33 of nut 30 and 
against the upper surface of the cap plate 6 of the 
bottle. Thus when the compressor was compressing an 
inflammable gas, such as natural gas, there was not any 
leakage of the gas through the seal just described. 
Whether there is a slight leakage at the piston rings is 

In other words, it is immaterial what the 
pressure is in the space within cylinder a between piston 
23 and cap 4. The main point is to provide additional 
Space in free communication with the space between 
piston 23 and the cylinder head for clearance purposes. 
Also, another very important point is that leakage of in 
flammable gas not be permitted around the threaded. 
piston rod 27 where it passes through the cap 6 and seal 
assembly 21. 
The strap metal of which the brace band 42 was con 

structed was %6 inch thick and 1/2 inches wide. The 
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bolt holes through the ears 44 and ears 46 are of such 
size to accommodate bolts suitable for the intended pur 
pose. The brace arms 49 were made of about 4 inch 
strap steel of 1% inches in width. One end of each brace 
49 was attached to the brace bands while the other ends 
were attached to the compressor at suitable points on the 
cylinder head. 
The slant distance or slant length of the beveled Sur 

face 33 was approximately 3/8 of an inch while the verti 
cal distance or length of the vertical section of the Teflon 
washer was approximately /8 inch. The raximina 
thickness of the wall of this Teflon washer was about the 
same as the thickness of the wall of nut 33. 

Ali that is necessary for making a clearance adjustment 
when using the clearance bottle of this invention is to 
loosen the nut assembly 2E and manually rotate the 
threaded piston rod 27 by use of the handie 37 and when 
the proper adjustment has been made then again tighten 
the nut assembly 2. Thus, it is seen that the clearance 
adjustment can be easily made without closing down the 
compressor. 
While I have described in detail a clearance bottle 

positioned on the head end of a low stage cylinder of a 
2 stage compressor, a clearance bottle is in Some in 
stances also employed on the crank end of the cylinder. 
By use of clearance adjustment on both ends of a cylinder 
the power requirements on each stroke of the piston will 
be equal. 

Also, clearance bottles such as described herein can 
be used on the head end or on both ends of a 2nd stage 
or high pressure cylinder of a 2 stage compressor. Clear 
anace bottles employed on high pressure cylinders ordi 
narily are not as large as the bottles employed on low 
pressure cylinders. However, the ratios of the effective 
volumes of the bottles to the piston displacements are the 
same with respect to the low pressure and high pressure 
cylinders. 
Whie I have disclosed use of a Teflon thermoplastic 

washer 35 as the sealing washer, other suitable thermo 
plastic material or other suitable washer material can be 
used. I employed the Teflon material because it was 
inexpensive, available and quite suitable. 
While certain embodiments of the invention have been 

described for illustrative purposes, the invention obviously 
is not limited thereto. 

I claim: 
1. A variable clearance bottle for a reciprocating com 

pressor having a compression chamber comprising in 
combination: 

(1) a cylinder of smooth bore having a longitudinal 
axis and means at one end for attaching said cylinder 
to said compression chamber of said compressor; 

(2) a closure member sealed directly to the opposite 
end of said cylinder having an axial opening there 
?thru for a piston rod; 

(3) a piston rod coaxial with said cylinder extending 
loosely thru said opening and being threaded from 
its inner end toward its outer end a distance sub 
stantially the length of said cylinder; 
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(4) a piston on the inner end of said rod firmly fixed 
thereon by threaded elements on each side of the 
piston and sildably engaging said bore; and 

(5) threaded holding means threaded to said rod on 
each side of said closure member and in engage 
ment therewith for releasably and adjustably hold 
ing said rod in a selected fixed position, said holding 
means including Sealing means for sealing the joint 
between said rod and said closure member. 

2. The variable clearance bottle of claim 1 wherein 
the attaching means of (1) comprises a tapered mem 
ber providing an opening at the end remote from said 
cylinder of reduced bore having external threads and 
including an attaching plate threaded onto said member, 
said plate having bolt holes radially outside of said 
member for attaching to said compressor. 

3. The variable clearance bottie of claim 1 wherein 
the holding means of (5) comprises: 

(1) a first nut on said rod welded to the piston side 
of said closure member; 

(2) the sealing means of (5) comprising a circum 
ferentially continuous plastic deformable washer on 
said rod contiguous to the opposite side of said 
closure member having a short cylindrical section 
next to said closure member and a frusto conical 
section facing away from said closure member; and 

(3) the threaded means of (5) comprising a nut hav 
ing a matching frusto-conical section sealably en 
gaging the frusto-conical section of said washer so 
as to bias and deform said washer against said clos 
ture member and said rod to form a seal between said 
rod and said closure member. 
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