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This invention relates to an hydraulic control System 
and particularly to mechanism preventing the entrainment 
or retention of air or gases in the hydraulic filid and 
more particularly to preventing of such entrainment or 
retention incident to the free passage of return oil through 
a long vertical pipe. 

This invention finds particular utility in the hydraulic 
control system for modern steam generators which may be 
several stories high and have controls at Several different 
levels. Hence while a water return waive may be in 
the basement at approximately the level of the hydraulic 
fluid surnp, another valve such as a feed water valve may 
be located, say, fifty feet higher and another waive such 
as the main steam or bypass valve may be located as 
much as 100 feet above the hydraulic fluid Sump. Each 
of the above valves and many others are hydraulically 
and usually automatically controlled to maintain an op 
erating condition and maximum efficiency of the Stearin 
generator. Some of these valves are ponderous and 
require large amounts of hydraulic fluid or oil to cperate 
then, but may at times require very accurate positioning 
in the nature of a few thousandths of an inch. Such a 
hydraulic control system must be able to handle iarge 
volumes of hydraulic fuid but in order to accurately 
position the valve the fluid must at all times be free of 
air, or gases, and not form a mixture similar to an emul 
sion or foam. 

In systems of this type it is usual to return the oil, 
discharged from the hydraulic pilot valves or servo. 
motors of the control systern, by gravity from the con 
trol stations to a common vertical return or stand pipe, 
The return lines are pitched at a normal pitch, say 1 inch 
to the foot, and discharge into the vertical return pipe 
at whatever level the drain line intersects the stand pipe. 

It has been found that with some of the servos return 
ing slugs of as much as five gaions of oil at a time that 
the sillg in its drop through the vertical pipe, not only 
held air that night have been previously entrained but 
also tended to entrain additional air in its free drop and 
upon arriving at the Sump so agitated the oil in the Sump 
as to cause it to eitrain additional air and foafa and 
eventually cause the entire hydraulic fiuid to be a mixture 
of air aid oil similar to an emulsion with the oil in a 
continuous phase and the air in a dispersed phase. The 
air thus entrained in the hydraulic fluid would actually 
prevent operation of the steam generating system because 
of the inability of the servos to function accurately. 
An object of my invention is mechanism which will 

prevent the entrainment of air in the hydraulic fluid in 
its passage through the vertical return pipe. 
A further object is a simple, inexpensive mechanism 

which may be added to existing installations, structures, 
or designs without material alteration. 
A still further object is a structure which may be pre 
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fabricated in sections and may be assembled, in the field, 
with Élie vertical return line. 
An additional object is structure having a center core 

with a ribbon of rigid material secured to this core and 
xtending radially outward from, and arranged in a 

spiral around, the core and sized to fit in a standard 
vertical return pipe. 

Cther objects and advantages will be apparent from 
the specification and claims, and from the accompanying 
drawing which illustrates a presently preferred embodi 
ment of the invention. 
Fig. is a schematic view partly in section of the in 

vention incorporated in a steam generating control system 
with the major portion of the system not shown. 

FIG. 2 is an enlarged view of the spiral guide encased 
in the vertical return pipe. 

FIG. 3 is a cross section of the spiral guide. 
in the embodiment chosen to illustrate this invention, 

i8 indicates a vertical oil return line emptying return 
oil discharged from servo motors 4 and 6 into a sump 
12. it should be understood that the servo motors 14 
and ió are shown only by way of example, as there may 
be nany more discharging at various levels into the verti 
cal standpipe 10. This invention finds particular useful 
ness in the controis for a steam generator known as the 
Suizer Monotube boiler which is a well-known commer 
cial boiler, and it is believed that only an exemplary 
sihowing is necessary for a complete understanding of 
the environment in which this invention finds particular 
usefulness. A servo motor 8 controlled by a pilot valve 
28 and in turn controlling a valve which may be a water 
return valve 22 for the boiler system is shown at a level 
so related to the sump 12 that the return oil may flow 
through a normal pitched gravity drain 24 directly to 
the Sump without any problem of air entrainment. Hy 
draulic fluid under pressure is supplied to the pilot valve 
26 for the servo motor 18 and each of the pilot valves 
for these several servo motors in the control system such 
as pilot valve 26 for the servo 4 and pilot valve 28 
for the servo 56, by means of a pump 30 driven by a 
motor 32 and drawing oil from the sump 12 through a 
line 34 and strainer 36, and discharging into pressure line 
38 which is connected with each of the several pilot valves 
to supply oil under pressure to the pilot valves and 
their associated servo motors. Each pilot valve is pro 
vided with a suitable control 48 which may be manually 
actuated or automatically operated responsive to a con 
dition or a function to be controlled such as temperature, 
preSSure, mass flow, water level, and so forth. The dis 
charge from the servo motors such as motor 16 which 
finay control through linkage 42, a valve located near 
the top of the boiler which may be 50 to 100 feet above 
the Sump 2 is directed by the pilot valve 28, controlling 
the motor 6, into a gravity drain line 44 which is suit 
ably pitched to lead the discharge oil into the side of 
the vertical discharge pipe 13. Upon sudden changes in 
the operating conditions of the boiler, or for other reasons 
a Servo notor may discharge as much as five gallons, 
of hydraulic fluid at one time, substantially filling a drain 
line Such as 44 for a considerable distance, such as two 
or three feet. Other discharge lines such as 46 leading 
from valve 26, controlling servo 24 for valve 43, and 
lines 48 and 50 may be arranged at different levels along 
the vertical pipe i0. These pipes 46, 48, and 50 are only 
exemplary showings of the several gravity drain lines that 

65 may feed into the vertical common return line 10. 
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The vertical return line 10 comprises a pipe 52 vented 
as its top 54 and, because it is not generally located direct 
ly over the Sump 12, provided with a pitched gravity drain 
line 56 leading from the bottom 58 the sump 12. 

Inserted in the pipe 52 is a spiral guide indicated gen 
erally at 60. The spiral guide comprises a core formed 
of a pipe 62, with a smooth imperforate ribbon of rigid 
material 64, extending radially outward from the core 62 

4. 
tion of those designs and occupy no additional space in 
the boiler house. It is a meritorious advance in the boiler 

ture operative. - - 

It is to be understood that the invention is not limited 
to the specific embodiment herein illustrated and de 

control field and renders an otherwise inoperative struc 

scribed, but may be used in other ways without departure 
from its spirit, and that various changes can be made 

Wound in a spiral around the core 62 with the inner edges 
of the ribbon secured to the core, usually by spot welding, 
to form a helix throughout substantially the length of the 
core 62. The core 62 and its surrounding helix 64 are 
usually made up in lengths, say. 20 feet, convenient to 
handie, and are slipped into the pipe 52 with a sight clear 
ance between the outer edge of the helix and the inner 
surface of the pipe to permit ready insertion of the helix 
into the pipe, two adjacent cores 6; being welded together 
at 66 at the time they are assembled with the pipe 52 so 
that a substantially continuous helix is provided through 
out the length of the vertical pipe 16 from a point above 
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the discharge of the highest drain line 44 to the bottom 
58 of the tube 8. The sump 12 is vented at 68 and the 
entire drain system operates at atmospheric pressure. 

In operation, the several servo motors including notors 
14, 16 and 18 discharge drain oil incident to their opera 
tion into their respective drain lines. The oil, which may 
come out as a siug of oil substantially filling the drain line, 
is urged by gravity, due to the pitch of the line, along the 
line, and into the vertical stack or drain. 8. The oil 
which may still be in the form of a slug attempts to fill the 
drain 69 and drops by gravity to the nearest top surface 
of the ramp formed by the ribbon. Upon contacting this 
spiral ramp surface the free drop of the oil is interrupted 
and the oil is directed along the ramp. Friction between 
the lower surface of the slug of oil and the ramp tends to 
permit the upper surface of the oil to overrun the lower 
surface and spread out into a layer, of less height than 
the pitch of the spiral or helix, so that a layer of air is 
present over the layer of liquid permitting the escape 
of air previously entrained in the oil. Some of the oil 
may be forced by centrifugal action into contact with the . 
interior surface of pipe 10 as it is traveling down the 
spiral and thus form an additional layer around the inside. 
of the pipe. This smooth flow along the ramp and along 
the inside of the pipe prevents entrainment of any addi 
tional air and tends to release any air that nay have been 
previously entrained. Any additional oil that may be 
added from other drains will merge with the already 
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which would come within the scope of the invention which 
is limited only by the appended claims... 

claim: - 

1. In a hydraulic control system having a vented sump 
and a vented gravity return line including a vertical 
vented pipe, pitched return lines leading to said pipe, an 
insert adapted to be slid into said pipe comprising a core, 
a ribbon arranged in a spiral along the length of the core, 
and having one edge secured to said core with the other 
edge spaced from said core, said other edge located ad 
jacent the inside of said pipe when the insert is assembled 
with said pipe, and acting to locate said insertin said pipe. 

2. The method of preventing air pumping and air en 
trainment in oil in a vented vertical oil gravity return 
pipe receiving oil slugs comprising feeding the oil in slugs 1. 

: 

- 

into said pipe, interrupting the free gravity drop of one 
side of said slug and converting the free drop along and 
around the inside of said pipe to a spiral path, interrupting. 
the free drop of other side of said slug at the next succeed 
ing turn of the spiral path, limiting the thickness of the 
oil layer in the spiral path by spilling oil over one edge of 
said path to the next succeeding turn of the spiral path 
until the oil layer guided in the spiral path and confined 
by the pipe inner surface flows in a smooth stream with . 
a vented air layer above the stream. ... " . - 

3. The method as defined in claim 2 in which the oil. 
layer thickness is limited by spilling oil over the inner edge 
of said spiral path. 

4. In a vertical oil return pipe, a guide Surface...for oil 
in said pipe, comprising a spiral ramp having a single oil 
guiding surface terminating at one edge adjacent the pipe 
interior surface and at the other edge adjacent the axis of 
said pipe, whereby the thickness of the flowing oil layer 
on said ramp surface is limited in part by oil spilling 
off one edge onto the interior surface of said pipe and in. 
part by oil spilling off the other edge to the next succeed 
ing turn of said spiral ramp. 

5. In a vertical gravity feed oil return means prevent 
ing air pumping and entrainment comprising a vertical 
pipe, a single helical oil passage in said pipe including a 

formed layer and continue on as a layer of oil with an 
air space above it. It has been found that a core formed 
of a pipe of about 78' in diameter having a spiral or 
helix of about a 6' pitch and an outside diameter that 
will be received by a 3' pipe provides a very satisfactory 
air eliminating spiral. This will give an average angle of 
approximately 50 off of the horizontal for the oil flow. 
At the lower end of the pipe the layer of oil sliding down 
the spiral and along the inner surface of the vertical pipe 
10 is received smoothly by the drain pipe 56 and led into 
the sump 12 without any material foaming or air entrain 
ment. - .. - “. 

... The new fire resistant hydraulic fluids tend to retain 
entrained air to a greater extent than the older oils, and 
thus materially increase the importance of preventing the 
entrainment of air in the hydraulic fluids. It is of course. 
well known that entrained air or air pockets render the 
hydraulic fluid squashy and the controls inaccurate, and 
in the steam generating system referred to above, render 
the controls so inaccurate and unreliable as to make the 
entire system inoperative. 
From the above description it will be apparent that I - 

have invented mechanism preventing the entrainment of 
air in the return oil of a hydraulic system, which mecha 
nism is simple, efficient, inexpensive, occupies but little 
space in the crowded boiler room, and in fact may be 
incorporated in present designs without material altera 
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single helical guide surface for said oil in said pipe for 
guiding said oil in a helical path along the inside of said 
pipe and having a radial extent between the helix axis 
and the inside surface of said pipe sufficient to present 
a slanting surface to interrupt free vertical drop of the 
oil inside of said pipe but insufficient to prevent radial. 
inward flow across said surface and around the Surface 
inner edge adjacent the helix axis and a free gravity drop 
to the next succeeding helix turn upon radial passage of 
the oil past the axis of said helix. - 

6. An oil return as claimed in claim 5 in which the 
helix angle with the vertical at the helix outer edge is be-, 
tween 30 and 50 degrees. i. - 

7. In a hydraulically actuated control system having 
a vented vertical hydraulic fluid gravity return line dis-, 
charging into a vented sump, pitched discharge lines lead 
ing slugs of said fluid from hydraulic control members of 
said system into the side of said vertical return line at 
spaced points along said line, said return line comprising 

said pipe and comprising a central core member con 
nected with an outwardly extending helical guide surface 
extending substantially the entire length of said core and 
pipe and substantially from said core to said pipe but 

75 

- providing a clearance producing a fluid leak passage be 
tween the outer edge of said guide surface and the inner 
wall of said pipe. 

s 

- 

a circular cross-section pipe, a spiral ramp located inside 
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8. A control system as claimed in claim 7 in a steam 

generator several stories high, with the sump at a level 
near the bottom of the generator, and a hydraulic control 
member near the top level of the generator discharging 
into said line near said top level. 5 
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