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To all whom it may concern: 
Be it known that I, RAYMOND N. EHR 

HART, a- citizen of the United States, resid 
ing at Edgewood, Allegheny County, Penn 
sylvania, have invented a. new and useful 
Improvement in Fluid-Compressing Appa 
ratus, of which the following is a full, clear, 
and exact description. 
The present invention relates broadly to 

fluid compressing apparatus, and more par~ 
ticularly to ejectors adapted for use with 
condenser and similar installations where 
it is desired to maintain certain pressure 
conditions below atmospheric or effect the 
removal of air or other‘?uids. 

It has heretofore been proposed to con 
struct single stage ejectors having long and 
short nozzle structures so arranged that the 
short nozzles effect preliminary com 
pression of fluids entrained by their 
operation and deliver the entrained and 
entraining ?uids directly to long noz~ 

.zle structures without any loss of efficien 
cy such as produced by ?rst convert 
ing the velocity energy established by the 
short nozzle structure into pressure energy, 
and then reconverting into velocity energy 
by the long nozzle structure. Such con 
structions, although possessing many ad 
vantageous features, have not been propor 
tioneo whereby a highly et?cient compress 
ing action has been secured ‘throughout a 
long range and at higher pressures. 
The present invention, while embodying 

ertain of the features of such prior con 
structions, relates primarily to the relative 
proportioning of the > respective parts 
whereby high e?iciency is obtained when 
compressing great amounts of air from low 
pressures, and higher ef?ciency, than has 
heretofore been obtained, is obtained when 
compressing great amounts of air from 
higher pressures, such, for example, as from 
2 to 5 inches of mercury. 
The foregoing and other objects of the 

present invention, together with their at 
tendant advantages, will be apparent as 
the invention becomes better understood by 
reference to the accompanying speci?cation 
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and drawings forming a part thereof, it be 
ing premised that changes may be made in 
the details of construction and manner of 
operation without departing from the spirit 
of my invention or the scope of my broader 
claims. 
Figure 1 is a longitudinal sectional view, 

partly broken away, through an ejector con 
structed in accordance with the present in 
vention; 
Figure 2 is a tranverse sectional view on 

the line II-FH of Figure 1, looking in the 
direction of the arrows; 
Figure 3 is a transverse sectional view on 

the line III-J11 of Figure 1, looking in the 
direction of the arrows, and 
Figure at is a graphic illustration of the 

operation of an ejector embodying the pres 
ent invention. 
Referring more particularly to Figures 

1 to 3 of the drawings, there is illustrated an 
ejector comprising a diii’user structure hav 
ing a converging portion 2 and a diverging 
portion 3 connected by a throat portion 4:. 
he open end of the converging portion 2 

of the diffuser communicates with a con 
nection 5 through which the ?uid to be com 
pressed or entrained enters the ejector. 

Carried by the ejector structure is a steam 
chamber 6 having a suitable opening for 
the admission of the steam to be used as 
the compressing or‘ entraining medium. 
Connected with the steam chamber 6 is a 
plurality of short accelerating nozzles 7 
which may project slightly into the converg 
ing portion of the diffuser, if desired, but 
which preferably terminate outside of the 
diffuser, as shown. Also connected with 
the steam chamber is a plurality of long 
propelling nozzles 8 which project well into 
the converging portion of the diffuser. 
Both the long and short nozzles are diver 
gent, making them suitable for expanding 
steam at a relatively great pressure to the 
low pressure existing in the suction chamber 
of the ejector. 
As before pointed out, the section of the 

diffuser having the smallest- diameter is 
termed the throat. The cross-sectional area 
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at this point is termed the throat area. 
The portion of the convergent end of the 
diffuser atthe end of the long nozzles 8, 
and lying slightly beyond the section line 
III-III of Figure 1, is the mouth of the 

The mouth area designates the 
area of the diffuser at this point after the 
cross-sectional area of the long nozzles is 
deducted therefrom. This mouth area is 
the passage through which the steam is de 
livered from the short nozzles 7 to the long 
nozzles 8, and is substantially as indicated 
by the shaded portion in Figure 3. 
The present. ejector is so proportioned 

that the throat area of ‘the diffuser is ‘greater 
thanlthe outlet area of the long nozzles, but 
is less than the mouth area. This neces 
sarily means that the mouth area must be 
greater than the outlet area of the long 
nozzles. ' , 

Calculations which have been computed 
for the construction of expanding nozzles 
call for a ratio of divergence which is 
greater than that which I have found to 
produce the ‘best results. For example, the 
short nozzles which expand steam from the 
steam line pressure, which may be M0 
pounds per square inch absolute, to apres 
sure of 1 inch of mercury, should‘theoreti 
cally'have'a ratio of divergence of substan 
tially 32. In _other words, the outlet area 
of these nozzlesshould be substantially 32 
times their throat area. My ‘experiments 
have shown, however, that better results are 
obtained when the- outlet .areais approxi 
mately 10 times that of the throat ‘area, but 
that good results are obtained when the ratio 
of'divergence varies from 8 to 32. In any 
case, however, for e?icient results, I ?nd 
that the ratio of divergence should be ma 
terially less than that theoretically required 
when expanding fronr the initial . steam 
pressure to the pressure at the .termination 
of the nozzles. However, irrespective of the 
departure of the present nozzles from the 

‘ theoreticalcalculation, I find that both sets 
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of nozzles should have a ratio of divergence 
which is within 30% of each other. 
When nozzles are operated with a diverg 

ence ratio less than that called for by cal 
culation incident to initial steam pressure 
and discharge pressure, such nozzles are 
spoken of as being under-expanded. I ?nd 
that for the best results, the long nozzles 
should be less under-expanded than the 
short nozzles, preferably, however, within 
30% of. each other as set forth. > 
lVith steam pressures for the {propelling 

nozzles varying from 100 to 140 pounds per 
square inch ‘absolute, the long nozzles should 
pass more steam than the short‘nozzles, 
preferably more than two times as much, 
but considerably less than three times as 
much. The higher the steam pressure, the 
greater is the amount of steam required 
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through the shorter nozzles in relation to 
the longer nozzles. For a pressure of ap 
proximately HO pounds per square inch ab~ 
solute of the propelling steam, the long noz 
zles should pass about 2.66 times as much 
steam 'as the short nozzles. For a 200 
pound pressure the long nozzles should pass 
approximately twice as much steam as the 
short nozzles. 

‘ For efficient results, it will be understood 
that the total mouth area with a construc~ 
tion such as herein disclosed, may be di 
vided into five theoretical divisions, which 
Imay term interstlce areas, which interstice 
‘areas take care ‘of ‘the flow of ‘en-trained and 
entraining fluid from the short or acceler 
ating nozzles. These intersti‘ce' areas are 
designed and proportioned with respect to 
the volume of flow through the correspond 
ing accelerating nozzles. which deliver 
thereto, so as to adequately take care of 
said ?ow, and are also proportioned with 
respect one to the other in such manner that 
no interstice area is less than ?fty per cent 
(50%) nor more than one hundred and 
fifty per cent (150%) of the average inter 
stice area, when all of the accelerating ‘noz 
zles deliver the same amount of steam. 
This ensures the steam from ‘all of the ac 
celerating nozzles reaching the compressing 
nozzles at substantially the same velocity. 
This velocity for efficient operation should 
‘be greaterthan 7 50 feet'per second and less 
than 2000 feet per second, approximately 
1500 feet per second being very effective. 
In an ejector of this type, I ?nd that the 

shorter nozzles effect a material compres 
sion of the entrained ‘fluid, so that when ex 
hausting from a range of from 1 to 5 inches 
of mercury they effect a compression of the 
fluid before it is delivered for entrainment 
to the "larger nozzles of from 3 to 10 inches 
of mercury. In general, the ratio of com_ 
pression accomplished by the first nozzles is 
less than 4, said ratio becoming less as the 
amount of fluid entrained or compressed, 
increases. Forgood performance it is nec 
essary tofhave a ratio of compression of at 
least 2 for the short set of nozzles. For 
example, if the ratio of compression for the 
short set of nozzles is three when exhaust~ 
ing from a pressure of 1 inch of mercury, 
fluid would be delivered to the long nozzles 
at a pressure of 3 inches of mercury. With 
a construction such as above set forth, there 
is provided an ejector producing results 
substantially as illustrated graphically in 
Figure at bythe curve A—A. In this fig 
ure, the vertical scale shows the absolute 
pressure, in inches‘ of mercury, obtained in 
the suction chamber of the ejector when 
compressing the entrained ‘fluid, such asair, 
to a pressure slightly above that of “the at 
mosphere. The vhorizontal scale shows the 
amount of air compressed by approximately 
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650 pounds of moving steam at approxi 
mately 140 pounds absolute pressure. In 
this figure there is also shown a comparison 
curve B——-B which illustrates the results .ob 
tained as the throat area of the long noz 
zles increases with respect to that of the 
short nozzles, and as the outlet area of the 
long nozzles more nearly approaches or be— 
comes greater than the throat area, and the 
mouth area decreases with respect to the 
long nozzle outlet area or with respect to 
the diffuser throat area. WVith such changes 
it will be apparent that the efficiency of the 
ejector is very slightly increased at low‘ 
pressures, but materially decreased at higher 
pressures such as from 2 to 5 inches of mer 
cury. ‘With this comparison curve, it be 
comes apparent that the proportioning here 
in set forth is of considerable importance 
as it provides an ejector having a mate 
rially greater operating range with much 
greater ef?ciency than existing ejectors, at 
higher pressures, and substantially the 
same efficiency, as existing ejectors, at lower 
pressures. . 

It is understood that by long and short 
nozzles as used throughout the speci?cation 
and claims, I mean, respectively, those 
nozzles terminating nearer and farther from 
the throat of the diffuser. 
I claim: 
I. In a single stage ejector, diffuser struc— 

ture, long nozzle structure projecting well 
into said diffuser structure, and short noz 
zle structure, the area of the diffuser struc 
ture at its throat being greater than the 
outlet area of the long nozzle structure, sub 
stantially as described. . 

2. In a single stage ejector, diffuser struc 
ture, long nozzle structure projecting well 
into said diffuser structure, and short noz~ 
zle structure, the outlet area of the long noz< 
zle structure being less than the area of said 
diffuser at its throat and less than the mouth 
area of the diffuser, substantially as de 
scribed. 

3. In a single stage ejector, diffuser struc 
ture, long and short diverging nozzle struc~ 
ture, said long nozzle structure projecting 
well into the diffuser, the outlet area of the 
long nozzle structure being greater than the 
outlet area of the short nozzle structure and 
less than the area of said diffuser at its 
throat, substantially as described. 

4. In a single stage ejector, diffuser struc 
ture, long nozzle structure projecting well 
into said diffuser structure and forming a 
mouth, and short nozzle structure, the area 
of the diffuser at its throat being less than 
the area of said mouth, substantially as de 
scribed. 

5. In a single stage ejector, a diffuser, 
long and short nozzle structure, said long 
nozzle structure projecting well into said 
diffuser and forming a mouth, the mouth 

area being greater than the outlet- area of 
the long nozzle structure, substantially as 
described. 

6. In a single stage ejector, a diffuser 
structure, diverging long and short nozzle 
structure, said long nozzle structure'pro 
jecting well into said diffuser structure, the 
ratio of divergence of said nozzle structures 
being within 80% of one another, substan 
tially as described. 

7. In a single stage ejector, a diffuser 
structure, long and short diverging nozzle 
structure, the long nozzle structure project 
ing well into said diffuser structure, and 
both of said nozzle structures being propor 
tioned so that the ratio of divergence is 
within a range of from 8 to 32, substantially 
as described. 

8. In a single stage ejector, a diffuser 
structure, long and short diverging nozzle 
structure, the long nozzle structure project 
ing well into said diffuser structure, and 
both of said nozzle structures being propor 
tioned so that the ratio of divergence is less 
than 32, substantially as described. 

9. In a single stage ejector, a diffuser 
structure, under expanded long and short 
diverging nozzle structure, the long nozzle 
structure projecting well into said diffuser 
structure, and both of said nozzle structures 
being proportioned so that the ratio of di 
vergence is greater than 8, substantially as 
described. 

10. In a single stage ejector, a diffuser 
structure, long and short nozzle structure, 
all of said nozzle structures being under 
expanded, substantially as described. 

11. In a single stage ejector, diffuser 
structure, long nozzle structure, and short 
nozzle structure, said long nozzle structure 
projecting well into the diffuser, both of 
said nozzle structures being under-expand 
ed with the short nozzle structure under-en 
panded to a greater extent than the long 
nozzle structure, substantially as described. 

12. In a single stage ejector, diffuser 
structure, long nozzle structure, and short 
nozzle structure, said long nozzle structure 
projecting well into the diffuser, both of 
said nozzle structure being under-expanded 
with the short nozzle structure under-ex 
panded to a greater extent than the long 
nozzle structure, the ratios of divergence of 
said nozzle structures being within 30% of 
one another, substantially as described. 

13. In a single stage ejector, diffuser 
structure, long and short nozzle structure, 
said long nozzle structure projecting well 
into said diffuser structure and passing 
more than 2 but less than 3 times as much 
propelling fluid as said short nozzle struc 
ture, substantially as described. 

14. In a single stage ejector, a diffuser 
structure, long nozzle structure projecting 
well into said diffuser, short nozzle struc 
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ture cooperating therewith for delivering 
?uid to the long nozzle structure at a V8 
locity of from 750 to 2000 feet per “second, 
both of said nozzle structures being ‘under 

‘5 expanded and having divergence ratios 
Within 30% of one another, the long “nozzle 
structure forming a mouth having an area 

greater than the outletarea ofithe dong noz 
zle structure and Jgneater than the thmoat 
area of .said diffuser, substantially as ‘dc- 10 
scribed. v ’ ‘ 

In testimony whereof Ihave hereunto set ‘ 
my hand. 7 i a 

I RAYMOND N. .EHRHART. 


