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1. 

2,889,983 
DEAE RATTOR FOR HYDRAULIC SYSTEMS 
SUBJECT TO HGH TEMPERATURES 

Stanley L. Macklis, Watertown, N.Y., assignor to The 
York Air Brake Company, a corporation of New 

ersey 

Application May 17, 1957, Serial No. 659,924 
8 Claims. (C. 233-27) 

This invention relates to means for degassing (deaerat 
ing) foam forming liquids, and particularly pressure trans 
mitting liquids used in the hydraulic systems of high 
speed airplanes, and the like, where the system may be 
subjected to temperatures of the order of 500 to 750 F. 
At such temperatures mineral base oils, such as are 

used in hydraulic systems operating at ordinary temper 
atures, cannot be used. Various specially compounded 
hydraulic liquids have been and are being developed for 
high temperature installations. The discussion will pro 
ceed on the basis of silicone-base oils which are taken 
as typical, but without limiting implications. 

These are polymers or co-polymers and solve the heat 
problem while introducing several secondary problems 
which this invention was developed to overcome. The 
secondary problems are: (1) gradual breakdown of poly 
mer bonds in the presence of air, while at high temper 
atures, (2) very active generation of foam of particularly 
persistent type, and (3) a tendency to take air into solu 
tion under the conditions of use in an hydraulic system. 
The dissolved air may be 20% or even 25% by volume. 
The attractive concept of a sealed hydraulic system 

completely filled with gas-free liquid appears to be un 
workable, since the oil itself generates gases at elevated 
temperatures. Hence, there is need for a deaerator to be 
included in even a closed, pressurized hydraulic System, 
operating continuously. This device must meet severe 
limits as to size and weight and must afford the utmost 
reliability. 
There are several known procedures for degassing 

liquids, but none of these is adequate when used alone. 
The invention is based on the concept that several de 
gassing procedures, if simultaneously performed in a 
single device, can be made synergetic. Generally stated, 
centrifuging under subatmospheric pressure gains effec 
tiveness because low pressure favors bubble growth and 
a growing bubble moves faster and faster towards the 
center of the centrifuge. The gain is thus self-intensify 
ing. Spraying helps to free gas from a sprayed liquid, 
but spraying into an evacuated space multiplies the effect. 
These three reactions, applied concurrently, are very ef 
fective for removing occluded gases, and will remove 
some dissolved gas. Ultrasonic vibration can be made ef 
fective to free gases, particularly dissolved gas, and gains 
in effectiveness when used in connection with centrifug 
ing and evacuation (either or both), partly because of 
rapid removal of the freed gas. 

Ultrasonic vibration is so applied as to cause alternate 
densification and rarefaction in response to pressure pulses 
acting on the fluid at frequencies of the order of 25,000 
cycles per second. The pressure in each bubble varies 
past (i.e. above and below) the equilibrium pressure so 
that gas tends to go into and out of solution in the 
enveloping liquid. On rarefaction the bubbles enlarge 
and present a larger surface area. On rising pressure 
the reverse effects occur. The larger area during rare 
faction favors release of the gas. Thus active growth 
of the bubbles and escape of dissolved gas occurs. 
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Gas so freed has the beneficent secondary effect of 

stimulating bubble growth with attendant improvement 
of the vacuum and centrifuge separations. The various 
effects are congruent and assist one another. They can 
not be clearly distinguished as they occur. 
The primary inventive concept is the method, but the 

apparatus developed to carry it out has patentable fea 
tureS. 
A preferred scheme for practicing the invention will 

now be described by reference to the accompanying draw 
ings, in which: 

Fig. 1 is a longitudinal axial section of a degassing 
unit operable according to the invention. 

Fig. 2 is a partial elevation of the left-hand end of 
the unit shown in Fig. 1. 

Fig. 3 is a transverse section on the line 3-3 of 
Fig. 1. 

Fig. 4 is a fragmentary axial section through the 
evacuating unit which withdraws the separated gas and 
maintains the degassing unit under sub-atmospheric 
pressure. 

Fig. 5 is a fragmentary section on the line 5-5 of 
Fig. 4. 

Fig. 6 is a view, part in section and part in diagram, 
showing the electric circuit and its relation to the ultra 
sonic degassing component. 
The unit illustrated in Fig. 1 contains some features 

disclosed in my prior application, Serial No. 639,297, 
filed February 11, 1957, and combinations claimable in 
said application will not be claimed herein. 

All statements of direction refer to the device posi 
tioned as in Fig. 1. - 

Referring first to Figs. 1, 2 and 3. The deaerating 
unit is enclosed in a fixed housing 6 which has a mount 
ing flange 7 intended to be bolted to the housing of a 
driving motor (not shown). The driving motor drives, 
the rotary components of the deaerator through a splined 
hub 8. The rotary speed is held - constant at approxi 
mately 6,000 r.p.m. 

Releasably mounted on the left end of the housing 
6 is a closure cap 9 which also serves to support a fixed 
shaft 1. The shaft 1 contains the inlet and discharge 
passages for the liquid to be treated and for the separated 
liquid and air. There is also a channel for necessary 
electrical conductors. The shaft 11 is sustained at its 
left-hand end by the cap 9. The left end of the shaft is 
tapered to fit a conical socket 12 formed in the cap, and 
is held against rotation by a pin 13. - 
The end of the shaft is drawn into the socket 12 

by a nut 4, entry into the socket being appropriately 
limited by shims 15. Liquid to be treated enters a longi 
tudinal port 6 formed as a groove in the shaft 11. It 
reaches this by way of the inlet connection 17 formed in 
cap 9, and leaves by way of a second groove port 18 
which leads to an outlet connection 19 for liquid. The 
shaft S is tapered toward its right-hand end throughout 
the major portion of its length to receive a close fitting 
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sleeve or quill 21, which is brazed in place and thus is a 
permanent part of the shaft assembly. This construction 
offers a convenient way to machine the ports 16 and 18 
and another port to be described hereinafter, as grooves 
in the principal shaft member 11. 

Fixed on the shaft structure above-described is a 
radially-extending tubular arm 22 which carries, at its 
outer end, a scoop or pitot head 23. The bore of the 
arm 22 communicates with the port 18. The arm is . 
formed on a hub 24 which encircles a portion of the 
sleeve 21, has dental engagement therewith at 25 and is 
locked in position by a snap ring 26. a . . 
Mounted to rotate on the shaft 11 by means of an 

nular ball bearings 27 and 28 is a rotary shell which 
houses three centrifuging chambers in which separation 
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submerged in liquid and part in a foam-filled portion of 
the gas space. 

5. The combination defined in claim 3 in which the 
ultrasonic pulse means comprises an annular core of 
laminated magnetostrictive material with a winding ener 
gized by a high-frequency electric source. 

6. Means for deaerating foamy liquids comprising in 
combination a rotary container closed from the atmos 
phere; means for rotating said container about an axis 
at an angular velocity such as to induce centrifugal sepa 
ration of gas and liquid mixtures contained therein; means 
for spraying foamy liquid into said container; means for 
withdrawing gas from the gas-filled space in said con 
tainer near its exis of rotation, at rates such as to main 
tain the interior of the container at a low subatmospheric 
pressure; means to subject liquid and foam within said 
container to ultrasonic vibration; means to withdraw 
liquid from said container at a rate such, with reference 
to the rate at which foamy liquid is sprayed, as to assure 
maintenance of a centrifugally sustained ring-bath of 
liquid; and means to withdraw liquid from the outer por 
tion of said ring bath. 

7. The combination defined in claim 6 in which the 
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container comprises a plurality of coaxial right circular 
cylinders all in free intercommunication at the axis of 
rotation and differentiated in diameter to afford a stepped 
configuration, there being annular liquid retaining dams 
between adjacent cylinders but with restricted through 
ports to permit liquid to flow under centrifugal head from 
the smaller toward the larger of two adjacent cylinders; 
and the foamy liquid spraying means delivers to the 
smallest cylinder and deaerated liquid is withdrawn from 
the largest cylinder. 

8. The combination defined in claim 7 in which the 
means for subjecting liquid and foam to ultrasonic vibra 
tion is located in an intermediate cylinder. 3. 
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