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5 Claims.

_ This invention relates to thermo compressors,
and more particularly, to thermo compressors of
. an ejector type for producing a high vacuum.

As will be appreciated, an ejector operates en-
tirely on a kinetic plan in that it expands a pro-
pelling gas, usually steam, through divergent
nozzles in such a manner that the pressure
energy of the steam is converted into velocity
energy. Such. velocity is relatively high. The
gas mingles with and entrains the vapors to be
evacuated and imparts to them a portion of its
velocity, at the same time belng slightly decel-
erated, all prior to entering a diffuser.
entrainment, the mixture of entrained gas and
propelling gas passes into a convergent-divergent
diffuser, where its velocity energy is to a great
extent converted into static pressure, thus over-
coming the vacuum created at the diffuser inlet.

Very low pressures or vacuums are today use-
ful, for instance, in chemical processing in con-
nection with vitamin distillation or in the evacu-
ation of rectifier bulbs, radio tubes, incandescent
lamps, etc. In this connection, I have been able
to provide a thermo compressor having a useful
capacity of at least .15 millimeter of mercury
down to a minimum of at least .06 millimeter at
shut-off conditions. To obtain a high vacuum, a

series of vacuum ejectors are connected in such

a manner that one discharges progressively into
the others. Where applied to high vacuum work,
a final stage of ejector combination, such as a
fourth stage, will normally be a relatively large
structure capable of handling a relatively small

quantity of material in terms of pounds per hour

but an enormous number of cubic feet per hour.
It resembles a conventional lower vacuum booster

ejector except that it is nozzled for a relatively.

small quantity of steam. This fourth or last
stage accomplishes such a small amount of com-
pression that it is not able to raise the absolute
pressure to a point where vapors are normally
condensable by a following condenser. Thus, the
ejector will usually discharge directly into the
suction of the third stage. and the third stage
will be followed by a condenser for condensing
vapors or propelling steam; the same procedure
will be generally folowed for the second and first
stages.

This is the practice since natural water sup-
. plies are normally used as the cooling medium
- and it is necessary to get an absolute pressure
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condenser is generally omitted as above outlined.
‘Where vapors handled have & very 10w pressure
and a relatively high condensing temperature at
that pressure, an inter-condenser can be applied
between the fourth and third stages.

The propelling steam nozzle of the fourth or
last stage discharges into the region of pressure
corresponding to a suction pressure of such stage
which, as pointed out above, may be as low as
.15 millimeter. The atmosphere or gas being
evacuated may consist of high superheated wa-
ter vapor, sub-cooled water vapor, gases, or any
number of volatile substances of complex chemi-
cal constitution, or a mixture of such gases or
vapors.

It will be apparent that the ejector pressures
which ‘are being particularly considered are in
the regions corresponding to ice rather than to
waler, since water freezes at .23’’ of mercury
(5.8 mm.). I have found that a globule of water
ejected into such a region will promptly freeze
into ice as will many other substances having
lower and higher freezing points. The ice thus
formed, particularly under intermittent opera-
tion, tends to evaporate off. As an example, I
have foundthat a steam nozzle of 7 or 8’ in
length projecting into a high vacuum ejector and
emitting steam at 250° temperature will have
ice formed upon it. Ice may also occur upon
other parts of the ejector if there is any impinge-
ment of vapor upon the cold part. As pointed
out above, the ice will then evaporate if the lig-
uid admission is intermittent, but it may persist
for hours. when additional liquid impinges and
freezes at the same rate that the ice is evaporated.

Propelling steam for the nozzles may be taken
at any pressure that leaves sufficient energy in
it after it is expanded through the nozzle to suc-
tion conditions in the ejector. This is true since
the energy range of steam upon expanding to in-
creasingly lower pressures has its greatest value
in the region below zero pounds gauge instead
of the region above zero pounds gauge. In prac-
tice, it is customary to take steam at a few
pounds pressure, but nozzles can be proportioned
to take it at any pressure available provided the
bore does not become so small as to be stopped
by dirt in the steam. - -

I have found that if wet steam containing defi-

- nite amounts of moisture is used in propelling

corresponding to a temperature that is available -

in the water supply. - Since the suitable cooling

water temperature is not generally available at 55

‘least between the third and fourth stages, the

through a nozzle, the results are very poor and
vacuum operation impractical, I have also found
that it is very difficult if not impractical to sup-
ply steam, gas, etc., that are in a true sense dry,
and for this reason, I found it advisable to ¢arry
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a small amount of superheat in the steam. In the nozzle discharge at the pressure at which it
this manner, no moisture whatever will come to discharges provided the steam had time to.come
the nozzle to be projected through it. Although - - into equilibrium with the atmosphere in such
from a theoretical standpoint, steam expanding region. )
from any practical gauge pressure through a noz- 6 From the above discussion, it will appear that
zle into regions of vacuum would theoretically for obtaining high vacuums under practical con-
attain the temperature of the region into which ditions, I preferably provide a relatively high
“it discharges, I have determined.that.in actun.l {-VGlOCity of the energizing: fluld; preferably super-
practice, it would { hane +" ‘Hegt the flild adjacert to orinear its entrance
small fraction of a second due to its high velocity -point limit heat losses, prevent the formation of
of travel. The steam actually passes so rapidly +» nuclel, eliminate wetness and prevent theoretical
temperature equilibrium results. And in view of
tich:considerations, it hag been an object of my
_invent_ipn to, provide new and improved procedure

and into the compression diffuser that récetv
- the propelling steam including the mixture‘being

theoretical equilibrium. Such variation between .

the theoretical and the actual is of’ a.id th carry 1 ‘diction’of vaciium by thermo compression means
ing out my invention, B uch as an ejector and to determine a practical
solution of the problems invol

view of such
‘discovered: factors. =
“Another:object has been to:provide a'new'and '
improved formof tHermo ‘¢ompressor mechanism,
and:more particularly, to'provide mechanism for
roducing a ‘low: range-of 'vaéuum pressures in a
‘practical:and effective: mahner; = ’
“These ‘and ‘many ‘other:objects of my inven- :
-tion will: appear to those: skilled in ‘thé art from:
‘the:drawings; -the speciﬁcationi"zand the claims
 In thedrawings:: / ;
Figure:1 is'a side: view in elevation pa’.rtially in

i -perheated steam expanded through'a fiozzlé under *
. conditionsof ‘an“éjector does not have time to
" ‘condense, passés’through the éjector in'a condi- 80 -
- tion of superheat; and-in:this econidition:is highly
“ i~ effective‘as s propelling medium. ' Heretofore, in - ction ‘and:showing: an- e.‘lector apparatus ‘em-

" ordinary:‘compressor - units; superheat has ‘been ° -‘ploying my invention;:: -
. ‘avoided upon the belief that the overall: emciency :Figure 2 is:a front viewin elevstlon ta.ken alons
is decreased. I have definitely determined that 3.) the line IT=<-IIof - Figtire 1 showing:a modiﬂed
= :the ‘overall:eficiency s ‘increased and'a new low - : or additional heating arrangement; .
« scale:of ‘obtalnable ‘vacuums:is made-possible by -~ Figure-2A is: a similar view on line IIA—IIA of

7 g sultable-utilization of superheat. In conclusion, - = Figure1;: it
-+ my-determinations are based upon the discovery - -~ - Figures 3 4 and 5 are sectiona.l vlews in eleva-
... that dry:steam expanding through a nozzle under 40 tion taken through:devices construicted in accord-
- conditions:of an ejector ‘does not have ‘time to - = :ance with the principles of my invention; and
. condense -passes: through-“the: ejector ina con(n- RS leures 3a:and 4q are sections taken s.long the

~ tion of superhent and in‘this: oondiuon iz hlgh]y < ineg:. IIq=-1TIq - and: IVG-IVG mmﬂvely of

- effective as 'a- propelling ‘medium;- On’the other Figures 3 and 4; respectively. - s
. . -hand; the vacuum range'is limited and the results 45 - Referring. particularly to Plsure 1, Ihave shown
i gre highly ‘unsatisfactory: where ‘high vacuum ;. -an -ejector apparatus having:‘a ‘mixing chamber
1 ~ejectors are actuated with' wet steam. - That is, - ~housing:{0'provided with a converging-diverging

.- the 'water: in- the steam in passing through the - discharge nozzle or element #1.and having an in- -
- -ejectornozale byfits'presence posaib]ytendsto m_ Sy let 12 for-the gas or fluid:to-be evacuated. . -

.-+ terrupt.the flow of the-propelling steam, or it dis- 50 - An ejector:nozzle 485-is: removably mounted on
..:-integrates and furnishes nuclet of condensation - -.an-inlef-tube. 1T and: provided ‘with ‘a:.suitable
:'in ‘addition . to° causmg icing condiﬁons 2 _Stl'ainer 16, Steam:from a main line 34 is bled off
<o T thave : further determined that: wﬂ;h .small - - through a steam:chest or “T”: 3} having suitable

- .quantities of steam such as an'ejector utilizes, it . mounting flanges 33, through a strainer 32, past a
" igdifMeult to obtain steamof a high ‘enough initial 55 control valve:30, to the inlet-tube I7. . 'The inlet

. -siperheated temperature to make it usable. Su- --..bube 17 is shown provided with a steam gauge
perheat added is destroyed by ‘conduction of the . --connection {8 and is shown as mounted to extend
- ~conveying piping prior to:its entrance to the noz- - -through-a gland or:gasket 18 into the mixing
-+ gle, and for this reason, I find it advantageous to -~ chamber 10. ‘The steam thus introduced into the
. provide means for superheating the steam imme- ¢o.tube I7 is superheated by a suitable agency such
.- diately adjacent. or:prior to ‘the:-entrance point . 88 electrical heating elements or grids 20 having
-..or-nozzle. Such a means can'be: emp]oyed to in- .. electrical connections or: terminals 21, It will be
_—expensively provide:the desired superheat in ef- ... seen that:the steam entering tube 17 passes lon-
- fective and controllable manner that will best suit .- . .gitudinally along and over and between the heat-
.- the.operating: conditions of a thermo oompressor ¢5 ing grids 20 in such ‘a manner that it is heated
- OFCOMPIessors.: /. < Loto dryness by conduction convection. and radia-
T have also found it adva.ntageous to eliminate .. tom, -
unnecesssry conduction and radiation to obtain a In I"igure 2 I have shown an altermltive or
__maximum_efMciency. of -heat utilization; ~Then, . -additional heating agency 22 that is mounted
~ too, the location. of the superheating agency or 70 about the gland or gasket (8 adjacent the en-
.. means is jmportant in view. of another factor . - trance to the mixing chamber: = Although this
.. which I have discovered, namely, that the expan- - element may be gas or- electrically heated, I have
‘slon. rsnzeoi’theejector nozzie is such that no. - : for the purpose of illustration shown & steam
.. smount of initial superheat that:is practical will = coil type of heat transfer agency. In l'lcure 2
.. _produce. a significant amount. -of- superheat in 75 1.have shown an electric element 224.

<
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Referring particularly to Figures 3 and 3a, X
have shown a steam inlet tube 17a having an

encircling tube (3 positioned about a portion of
chamber

such tube and extending into a mixing
1. A nozzle 1§ is suitably mounted at or ad-
- jacent the end of the tube combination provided
by the tubes 17a and (3. The inner tube {7a is
partially offset, as shown in Figures 3 and 3a,
to provide & mounting for an electrical heating
element 28a. The element 28a has suitable elec-
tric connections 2{a. Insulation 27 is interposed
between the element 28a¢ and the inner and outer
tubes iTa and {3, respectively.
In the embodiment of my invention shown in

Pigures 4 and 4a, I have provided an inner tube

110, an intermediate tube 28, and an outer tube
13. Buitable insulation 27 . (such as asbestos,
glass wool, an air space, etc.) may be interposed
between the tubes 28 and 3 and substantially
horizontally or longitudinally-extending baffle
means 24 is substantially centrally positioned to
extend along the spacing between the inner tube
‘170 and the intermediate tube 28 to direct a
heating fluid such as steam entering from an
inlet tube 23, along the bottom side of the tube
171b towards the front thereof to a point adjacent
the entrance to the nozzle 1§, then upwardly
through a front offset portion of such fin-like
bafing 24 and backwardly and longitudinally
along the upper half of the energizing steam tube
{1 to an outlet pipe 25. It will thus be seen
that the energizing steam entering through tube
{70 is heated chiefly by radiation and conduction
from a suitable fluid heating agency introduced
through the pipe 23 and having a return flow
with respect to such tube.

In the embodiment of my invention shown in-

Figure 5, I provide insulation between the tube
{1c and the outer tube 13. The energizing steam
introduced through inlet 14 into a supplemental
heat chest 28¢ is then conducted into the main
tube inlet {T1c and to the ejector nozzle I15. A
heating element 20b shown as an electrical ele-
ment, is provided with a screwhead 20c¢ for
mounting in a longitudinally extending position
within the chambers formed by the tube 171c and
the chest 28c. In this manner, the steam is
heated by conduction and radiation as well as
convection, and is permitted to pass along and
about the heating element 20b. The heating
element is provided with electrical connections
24c leading to an energizing agency 28¢ through
an automatic control device 25’. ‘The unit 20b
preferably includes a thermostatic metal having
expansion and contraction qualities such that it
will automatically “break” the electrical contact
to the heating element through the control 25’
when the temperature tends to go above a de-
sired operating temperature range and will auto-
matically “make” contact below such tempera-
ture; any suitable commercial form of thermostat
can be employed. It will be apparent that any
suitable heating agencies may be employed in
the various embodiments of my invention, for
example, electrical, gas, steam, ete.

In Figure 1 of the drawings, I have indicated
the normal fluid flow from the nozzle 8§ by the
letter b. In some cases, the propelling steam
may be cooled down until, for example, at the
suction of the third stage, it is so cool that fluid
passing through the nozzle in the third stage,
which may include a part of the operating steam
in the first stage, will freeze at the location in-
dicated by a in Figure 1. In installations where
there is a possibility of ice formation at the point
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a, I preferably provide some suitable form of
heating -element such as a calrod element 22a,
see Figure 2A, that may be mounted externally
about the housing 18 as shown. Of course, any
suitable form of heating agency or element may
be employed in this connection. The element 22
of Figure 2 or the element 22a of Figure 2A will’
heat the interior of the ejector adjacent the -
point a by conduction and thus prevent icing at
this point.

‘When I speak of “immediately" in the specm
cation and claims, I have particular reference to
the introduction of the reheated steam into the
small throat area of the propelling nozzle {§ be-
fore it has lost its dryness or, in other words, be- .
fore the effectiveness of the reheating operation .
has been lost by condensation of . a portion of .
the energizing fluid or steam.

Although for the purpose of illustration, I have :
shown representative embodiments of my inven-
tion, it will appear to those skilled in the art
that many substitutions, additions, subtractions,
and modifications may be made without depart-
ing from the spirit and scope of the invention
as indicated by the appended claims. -

I claim:

1. In a low vacuum-producing thermo com-
pressor adapted to operate at a relatively high'
velocity and below the pressure region of ice, a
mixing chamber, a steam ejector nozzle for in-
troducing propelling and energizing condensable
fluids such as steam into said mixing chamber,
means connected for supplying energizing steam
at a suitable pressure to an inlet end of said ejec-
tor nozzle, said nozzle having a portion with a
small throat opening at the inlet end thereof,
such portion of said nozzle expanding towards a
discharge end of said nozzle for converting pres-
sure energy of the steam into velocity energy,
and heating means operably disposed along said
supply means upstream of the small throat open-
ing of said nozzle, said heating means having an
effective heat transfer area sufficient to insure
at least dryness of the steam being supplied to

3 the small throat opening of said nozzle.

2. In a low vacuum-producing thermo com-
pressor adapted to operate at a relatively high ve-
locity and below the pressure region of ice, a mix-
ing chamber, a steam ejector nozzle for supplying
energizing and propelling condensable fluids
such as steam to said mixing chamber, means
connected for supplying energizing steam of at
least a few pounds pressure to an inlet end of
said nozzle, said nozzle having a throat portion

3 provided with a relatively small bore at the inlet

end thereof, said throat portion diverging out-
wardly from the small bore towards a discharge
end of said nozzle to convert pressure energy at
an inlet end of said nozzle into relatively high
velocity energy at the discharge end sufficient to
prevent the steam from. coming into temperature
equilibrium with the atmosphere of said mixing
chamber and sufficient to provide a pressure in
said mixing chamber of as low as .15 millimeter
absolute, and heating means operably positioned
along said steam. supply means, said heating
means having a portion upstream of the small
bore of the inlet end of said nozzle, said up-
stream portion of said heating means having an
effective heat transfer relationship with the
steam being supplied such that the steam will be
heated to a heat sufficient to insure at least dry-
ness before entering the inlet of said nozzle and
during its movement through the small bore of
said nozzle throat portion.



locity :and at & relatively’low: pressure:tegion: be
low:the. region of ice; & mixingichamber; a: stea.m
ejector nossle for:supplying -energizing-and: pro
pelling condenssble fluids:such as:steam: to:sal

mixing chamber; means connected ‘for.:supplying :::

energizing steam at a-suitable pressure:to -an in
let ‘'end of 'said nozzle, said:nozzle having a:throal

portion of relatively small bore at the inlet-end:jp:

thereof;such throat portion:diverging: outwardly

towards a discharge end thereof to convert pres=::

sure ‘énergy of: the ‘steam: into:relatively: high:ve-:::

Jocity energy at the discharge end, heating means:::
disposed :along :sald: connected :supply-means: in.

& direction of :steam:travel: therealong; a: down=.:::

stream end:

portion of said heating ‘means being::/

positioned upstream of the inlet end: of:said noz-.::

zle, sald heating:means:being: adapted ‘to heat
the steam being supplied:to-the.inlet end.of said:

20

nozzle to a superheat sufficient to:insure:at least .
dryness -of:‘the: steam ~during: its’':movement ::
through the small bore. of said:nozzle throat:por-:: -

tion; said throat ‘portion being:constructed and
‘through:and.along an outwardly.diverging:area:

‘25

arranged to provide:a velocity flow into said mix-
ing chamber sufficient to prevent the steam:from

coming: into temperature: equiubrium with the at-

mosphere of sald mixing chamber.:

4. In a method of preventing erratic propulsion

effect of an energizing fAluid such as steam caused::
by the:formation of moisture’ in: an ‘expansion

30

throat of an ejector operating below’the pressure .

ing :the stéam:through: and:along!an outwardly‘

‘caused by::the:formation of moisture in an:ex

“ing-‘sufficient --heat to::itisure:-dryiness: of ~the:

9,905,415

region: of ice ‘which:¢onsists of, adding :sufficient
heat to a'condenisable energizing fluid:-such:as en

~ ergizing’ steam: of suitable pressure:to:insure:dry
ness:thereof;:and:then’ hpmediate!y ‘moving:

propélling:: nozzle:ithroat:area; :and:.converting-:
pressure energy:of: the heated:stean :into’ rela
tively high velocity energy by passirig:the stear
through:such small:throat area and:then expand

diverging: area: towards: the-discharge end:of«
nozzle;: &

5.In a method of preventing er \tlc pr pul
sion: effect of an-energizing: fluid-such as steam

pansion :throat of:an ejector operating:below-the
pressure region of-ice which consists of;.provid-:
ing anenergizing:and :propelling::fluid .such .as:
steam:of: suitable pressure and temperature, add

steam;-and -then  immediately::moving:the :re
heated dry steam through a relatively small pro<: -
pelling ‘nozzle throat:area; and then expanding: :
the :steam: from:such:small: throat:aréa and::

towards the discharge end of the nozzle, and:pro-=: :
viding a.relatively high:velocity of flow sufficient:
to prevent the steam:discharging from' the nozzle: :
from :coming : into :temperature: equilibrium with.v’
the atmosphere of a mixing region 5
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