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The present invention relates to vapor vacuum pumps 
and, more particularly to diffusion and ejector pumps of 
the type which utilize a jet nozzle assembly comprising 
one or more jet nozzles. 

Generally, the use of diffusion and ejector pumps for 
creating vacuum involves the very disagreeable phenom 
enon of backstreaming which occurs when molecules of 
oil vapor migrate back into the vessel to be evacuated. 
Various measures have been taken to counter this move 
ment of oil vapor, most notably, the use of highly cooled 
baffles and the like which are positioned between the 
vacuum pump and the vessel to be evacuated. The dis 
advantages in using baffles is that the conductance there 
through is seriously limited and this in turn greatly re 
duces the effective pumping speed of the pump and baffle 
combination. Generally, the amount of backstreaming 
through a baffle of conventional design is inversely pro 
portional to the impedance of the baffle, that is, the 
more the baffle is capable of reducing the backstreaming 
the less conductance there is through the baffle. 

Other attempts to minimize backstreaming have in 
wolved the use of a high conductance baffle and so-called 
"cold caps' on each of the nozzles from which the vapor 
jet issues, more notably, the top jet nozzle. These cold 
caps are cooled by various devices such as Peltier couples 
or cooling coils coiled around the cap and connected to 
an outside source of cooling medium. The cooling of 
these caps requires equipment that is relatively expensive 
and conduits connecting the cooling devices to equip 
ment located outside the pump extends through the wall 
of the pump housing thus offering an increased number 
of places where leaks may develop. 

it is the principal object of the present invention to 
minimize backstreaming in a vapor type vacuum pump 
utilizing a minimum of parts and at relatively low cost. 

Other objects and advantages will become apparent 
after studying the following description and claims taken 
in conjunction with the accompanying drawings wherein: 
FiGURi 1 is vertical section through a diffusion 

vacuum pump showing the association of the present in 
vention with the pump; 
FiGURE 2 is a fragmentary view, partly in section, of 

the top jet nozzie of the pump of FIGURE 1, showing the 
present invention applied thereto; 
FiGURE 3 is an enlarged fragmentary view of an 

other jet nozzie of the pump showing the present inven 
tion applied thereto. 

Referring more particularly to FIG RE 1 of the draw 
ing, there is shown a diffusion vacuum pump generally 
indicated by the reference numeral which includes a 
hollow cylindrical casing 2 with an integral bottom wall 
i4. The upper end of the pump is provided with a suit 
able inlet flange 6 to which a cooperable flange 3 of a 
vessel 28 to be evacuated may be secured. Arranged 
between the fianges 16 and 18 is a baffle 22 which serves 
to condense the oil vapor which tends to migrate from 
the pump toward the vessel 20. The discharge side of 
the pump is provided with a pipe 24, one end of which 
opens into the lower portion of the casing 12. 

With the pump casing there is centrally arranged a hol 
low nozzle assembly comprising a plurality, and in this 
case four, jet nozzles indicated at 26, 28, 30, 32. Vapors 
rising in the interior of the nozzle assembly due to vapor 
ization of pump fluid are directed out of the respective 
crifices in the downwardly directed jet nozzles. A suit 
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able heater 34 located within the nozzle assembly and 
arranged on the bottom wall 14 serves to heat pump fluid 
to cause vaporization thereof. 

In FIGURE 2, the jet nozzle 25 is illustrated as coin 
prising a lip portion 36 and a frusto-conical skirt 33 
spaced slightly radially therefrom. The illustrated jet 
nozzle arrangement is conventional and, as known in the 
art, hot oil vapors are driven upwardly through the 
chimney 46 of the nozzle assembly and expelled at great 
speed out of the annular spacing 42 between the lip 36 
and the skirt 38. Normally the greater portion of these 
vapors are directed downwardly through the pump hous 
ing in order to achieve pumping action, however, a small 
amount of the vapors turn the lower edge of the skirt 
and migrate upwardly toward the baffle 22. This migra 
tory oil vapor is condensed by the baffle and oil droplets, 
resulting therefrom, will drop down into the heater por 
tion of the pump to be vaporized. 

In order to minimize "backstreaming” or the migration 
of the oil vapor in the direction of the intake end of the 
pump housing, the top jet nozzle 26 is provided with an 
insulator cap 44 which conforms generally to the frusto 
conical shape of the skirt 38 but overlaps the lower edge 
thereof for a considerable distance. The lower edge of 
the cap extends toward the fringes of the jet stream 
emanating from the jet nozzle and serves to deflect the 
vapors which turn outwards around the lower edge of 
the skirt 38 and would normally drift upwardly toward 
the fiange 16. These migratory vapors which impinge 
upon the cap 44 heat the same somewhat and, in order 
to prevent re-evaporation of the oils which may con 
dense on the cap, the same is maintained in a condition 
where re-evaporation cannot occur. 

In the present invention, this is accomplished by pre 
paring the cap 44 as an insulated body and to this end, 
the inner or under-surface 48 is made reflective and a 
heat shield 50 is provided between the cap and the skirt 
of the nozzle 26. Both the upper and the lower surfaces 
of the shield 58 are reflective. The reflective under-sur 
face 48 of the cap and the reflective lower surface of the 
shield heat and tend to minimize the heat that would 
develop on the cap by hot vapors emanating from the jet 
nozzie 26. This reduction in the aimount of heat reach 
ing the cap 44 permits the natural loss of heat through 
radiation from the jet structure to the walls of the pump 
casing to maintain the temperature of the cap at a Sufi 
ciently low point to prevent re-evaporation of the con 
densed vapor. 
These surfaces also reflect heat back into the jet nozzle 

causing it to operate at a somewhat higher temperature, 
thereby making the stream drier or free of liquid pump 
fluid, thus improving the quality of the jet stream ex 
pelled from the nozzie throat. In effect then the cap 44. 
serves to defect oil vapor which would deviate from 
the main jet stream of the pump and, to prevent the cap 
from becoming another or secondary Source of oil vapor, 
the cap 44 is effectively maintained at a temperature 
where re-evaporation does not occur by the provision of 
the lower reflective surfaces of the cap and the shield. 
With this arrangement, the need for extraneous cooling 
devices such as cooling coils, conduction cooling mem 
bers, Peltier couples and the like for large Scale cooling 
is eliminated. 

Defection of the oil vapors by the shield 44 tends to 
reshape the otherwise useless fringe portion of the jet 
stream by directing these vapors back into the jet stream 
where they can perform useful pumping action. In this 
manner, the Spaed of the pump will be increased some 
what over and above a nozzle arrangement without the 
cap. - 

The reflective characteristics of the lower-surface of 
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cap 44 in conjunction with the lower reflective surface of 
the shield 50 produces the net result of retaining the 
maximum amount of heat possible within the jet nozzle 
26. These characteristics of both surfaces also reduces 
the amount of heat reaching the cap 44 to a degree that 
the normal heat loss by radiation to the walls of the 
pump casing is sufficient to maintain the temperature of 
the cap below that required for re-evaporation of the 
condensed vapor. 

Mounting and separation of the cap 44 and the inter 
mediate shield 50 relative to the other structure of the 
jet nozzle 26 may be accomplished by any suitable means 
which will prevent or minimize heat conduction from the 
relatively hot structural elements of the nozzle 26. As 
shown in FIGURE 2, a suitable mounting means is illus 
trated and comprises a vertically projecting screw 52 se 
cured to and extending from the center point of the skirt 
38. The screw 52 projects through suitable centrally lo 
cated apertures formed in the cap 44 and the shield 50. 
A spacer 54 is arranged on the screw between the shield 
50 and the cap to position the former relative to the 
latter. A lock nut 56 maintains the aforementioned struc 
ture upon the jet nozzle 26. In order to maintain a pre 
determined spacing between the shield and the skirt 38, 
there is provided a plurality of screws 60 (only one shown 
in FIGURE 2) threadedly secured to the cap and pro 
jecting inwardly therefrom and through suitable apertures 
formed in the shield 50. A pair of lock nuts 62 received 
on the screw 60 and positioned on either side of the shield 
maintains the same in a fixed spaced distance from the 
cap. The inner end of the screw 60 abuts the skirt 38 
and is utilized in conjunction with the screw 52 to space 
the cap and shield from the skirt and also to secure this 
structure to the skirt. 
The present invention illustrated in FIGURE 2 may 

also be adapted for the other stages of the diffusion pump 
illustrated in FIGURE 3. As shown in FIGURE 3, the 
jet nozzle 28, which comprises the conventional lip por 
tion 64 and skirt 66, is also provided with an insulator 
cap 68. The under-surface of the cap 68 is made re 
flective and, mounted below the cap 68, is an intermediate 
shield 70 which is made reflective on both surfaces. The 
inner edge of the cap 68 is radially spaced relative to the 
column or stack 40 by suitable long rivets 69, and a screw 
71 and mounting devices 72, 74 arranged on the cap, serve 
to support the shield 70 in spaced relationship relative 
to the cap and the skirt 66. 
The present invention is distinguished from the inven 

tion disclosed and claimed in the copending patent appli 
cation Serial No. 153,543, filed November 20, 1961, as 
signed to the same assignee in that the present inven 
tion requires an insulated cap formed with a straight coni 
scal design and at least one heat reflective shield. Since 
in the present invention the conical cap is bombarded 
with vapor molecules at a more glancing angle, the 
amount of heat produced on the conical cap by the con 
densed vapor is relatively small or at least smaller than 
if the lower edge of the cap was formed with a generally 
vertical extending cylindrical projection shape of the type 
disclosed in the above referred to copending application. 
With a straight conical shape cap, as provided in the 
present invention, the vapor molecules strike the inner 
surface of the cap at a more glancing angle resulting in 
a lesser amount of condensed vapor and a correspond 
ingly lesser amount of heat transferred to the cap. On 
the other hand, in order to project into the fringe portion 
of the jet stream, the straight conical cap must be ex 
tended further than the cylindrical projection of the in 
vention disclosed in the copending patent application re 
Sulting in the use of a larger diameter at the base of the 
cap of straight conical design. This will lessen the pump 
ing speed of the diffusion pump as compared to the speed 
when using the cap having the design disclosed in the 
copending patent application. Nevertheless, use of a 

0. 

5 

4. 
present invention does eliminate more backstreaming than 
is the case with the small diameter cylindrical projection 
design as disclosed in the copending application. 

In order to insure further maintaining the cap 44 in a 
condition to prevent re-evaporation of condensed vapor, 
the upper surface of the cap may be coated with a mate 
rial having a higher emissivity than the normal metallic 
surface of the cap. An example of Such a high emissivity 
material for use with a cap made from aluminum would 
be a black dyed anodized surface. 
From the foregoing it will be apparent that the present 

invention may be applied to any or all of the jet nozzle 
of the nozzle assembly of a diffusion pump. The pro 
vision of an insulated cap deflects oil vapor that would 
otherwise migrate upstream of the pump and will permit 
the use of a baffle 22 having a greater conductance. Main 
taining the cap in a condition for preventing re-evapora 
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tion of oil thereon is attained by the ability of the under 
surface of the cap to reflect the heat, the provision of 
a reflective surface on the shield and the transfer of heat 
on the cap to the pump walls by normal radiation. In 
the use of the present invention, there is no need to em 
ploy extraneous cooling devices to effect cooling of the 
caps 44 and 68. 

I claim: 
1. In a vapor vacuum pump, a pump casing having an 

inlet, an outlet, and a boiler for heating pump fluid, a noz 
zle assembly mounted in the pump casing for providing a 
vapor jet stream, said nozzle assembly having at least 
one jet nozzle comprising a lip portion and a skirt be 
tween which the jet of vapor is expelled for pumping 
action, a cap surrounding said jet nozzle in spaced rela 
tion to said skirt and having an edge extending below 
said skirt and into the fringe portions of the jet stream, 
said cap having the surface which is adjacent the jet 
nozzle reflective thereby to Teflect some of the heat 
emanating from the jet nozzle which would thermally 
affect said cap, and a shield mounted between said skirt 
and said cap in spaced relation therebetween for further 
reducing the transfer heat to said cap. 

2. In a vapor vacuum pump, a pump casing having an 
inlet, an outlet, and a boiler for heating pump fluid, 
nozzle assembly mounted in the pump casing for pro 
ducing a vapor jet stream, a said nozzle assembly having 
at least one jet nozzle comprising a lip portion and a 
frusto-conical shaped skirt between which the jet of vapor 
is expelled for pumping action, a radiation cap surround 
ing said jet nozzle in spaced relation to said skirt and 
having a shape similar to said skirt, said cap having an 
edge extending below said skirt and having the surface 
which is adjacent the jet nozzle reflective thereby to reflect 
heat emanating from the jet nozzle which would normally 
offset said cap and a shield mounted in spaced relation 
between said skirt and said cap for further reducing the 
transfer of heat to said cap. 

3. In a vapor vacuum pump, a pump casing having an 
inlet, an outlet, and a boiler for heating pump fluid, a 
nozzle assembly mounted in the pump casing for pro 
viding a vapor jet stream, said nozzle assembly having 
at least one jet nozzle comprising a lip portion and a 
skirt between which the jet of vapor is expelled for 
pumping action, a cap surrounding said jet nozzle in 
spaced relation to said skirt and having an edge extend 
ing below said skirt and into the fringe portions of the 
jet stream, said cap having the surface which is away 
from said jet nozzle coated with a material of higher 
emissivity than the material of said cap, and a reflective 
shield interposed between and spaced from said cap and 
said skirt for reflecting some of the heat developed by 
said skirt. 

4. In a vapor vacuum pump, a pump casing having an 
inlet, an outlet, and a boiler for heating pump fluid, a 
nozzle assembly mounted in the pump casing for provid 
ing a vapor jet stream, said nozzle assembly having at 

larger diameter cap of the straight conical design of the 75 least one jet nozzle comprising a lip portion and a skirt 
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between which the jet of vapor is expelled for pumping 
action, a cap surrounding said jet nozzle in spaced rela 
tion to said skirt and having an edge extending below said 
skirt and into the fringe protions of the jet stream, said 
cap having the surface which is adjacent the jet nozzle 
reflective thereby to reflect some of the heat emanating 
from the jet nozzle which would thermally affect said cap, 
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6 
and a shield interposed between and spaced from said 
cap and said skirt and having its surface adjacent the 
skirt made reflective for reflecting some of the heat de 
veloped by said skirt. 

No references cited. 


