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This invention-relates to improvements in suc 
tion mechanism of the type utilizing for motiva 

» tionithe ?uid pressure generated in the exhaust 

10 

01’ an internal combustion engine. Such. mech 
anisms may be employed, forexample, for prim 
ing centrifugal pumps, and are of particular util 
ity‘in connection with ?re ?ghting apparatus 
wherein the internal combustion motor of the 
?re engine is commonly employed to drive the 
pump or pumps forming essential elements of 
the equipment. ‘ ‘ 

A principal object of the present invention‘is 
" to provide a device of the stated type that by 
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reason of a novel design hereinafter described 
will exhibit in operation. a performance in the ' 
pump priming function materially in advance of 
the prior commercially available devices of this 
character. - 

More speci?cally, an object of the invention is 
to provide a mechanism of the-stated type that 
shall be capable of producing relatively high de 
grees of vacuum. a - ~ ' 

The invention further resides in certain novel 
structural details and , arrangements of parts 
hereinafter described and illustrated in the at-. 
tached drawing, in which: . _ 

Figure l is a view in perspective of an ejector 
made in accordance with my invention and con 
stituting an element of the suction mechanism; 

Fig. 2 is a longitudinal sectional view of the 
ejector; ' 

Fig. 3 is a section on the line 3-3, Fig. 2. 
Fig. 4 is a detached view in' perspective of one 

of the ejector elements, ‘and 
Fig.v 5 is a line drawing showing the suction 

mechanism as a whole. - 

With reference to the drawing, the ejector in a 
preferred embodiment comprises three princi 
pal elements consisting, respectively, of a cylin 
drical housing I, a nozzle 2, and a body member 
I. The housing I is provided at one end with 
a threaded port 4 for connection with the exhaust 
manifold or exhaust pipe oi’ an internal combus 
tion engine, and is provided at itsopposite end 
‘with an outwardly projecting annular ?ange I 
having tapped holes for reception of screws 8 
which secure the body member 3 to the housing. 

.- Intermediate its ends the housing has in its in 
1 her wall an annular recess ‘I, and a tapped port 
_I i'ormedinabosst onthe wall oi'thehousing 
"communicates with said chamber. The housing 

.> further is'provided with an internal ?ange II 
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Kwliich provides a solid abutment or seat for the 
' nozzle 2. 

The nozzle '2‘ is formed at its rear and, namely, 

‘neatly ?t within the bore of the housing I, and 

that end which in assembly abuts the ?ange II, ' 
with a cylindricahsurface I2, and this surface, as 
shown in Fig. 4,'neatly ?ts the bore of the hous 
ing I. From this end the body of the nozzle ‘ 
2 tapers inwardly to a cylindrical extension I3 of - 5 
relatively small external diameter. Ribs Iliex 
tend outwardly at the base of the extension I3, 
and the outer surfaces of these ribs ?t neatly 
against the inner wall surface of the housing I, 
as shown in Figs. 2 and 3. These ribs, with the 
surface I2, form an extended bearing for the 
nozzle upon the housing and maintain the noz- \ 
zle de?nitely in a concentric position within the. 
housing bore. The bore of the nozzle at the end 
adjoining the ?ange II is conical in form, as in 
dicated at I5, and the inner end of ‘this conical 
poi'tion terminates in a cylindrical passage I6‘ 
which extends through the extension I3 of the 
nozzle. ' \ ‘ 

' The body member 3 is formed at one end to 
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is.provided intermediate its ends with an out 
wardly extending ?ange I‘I through which the - 

’ bolts 6 pass. It will be noted that in assembly 
the'?ange I‘Ildoes not engage the ?ange 5 of 
the housing, so that when the bolts 5 are tight 
ened, the inner end, of the body member 3,-which 
engages the end edges of the ribs I4, forces the 
nozzle 2 solidly against the abutment ?ange II. 
The three principal elements of the nozzle are 
thereby held securely in their relative positions 
in the assembly by means solely of the bolts 6, 
and by removing these bolts the nozzle structure 
may be disassembled without disturbing the con 
nections at the ports 4 and 8 01' the housing. 
The body member 3 provides a rearwardly tapered 
passage l8 which at its inner end communicates 
directly with the nozzle passage I6, and as shown 
in Fig. 2, the passage ll of the body member‘ 
communicates at its rear or inner end with a 
conical terminal recess I9, which through the 
spaces between the ribs I4 of the nozzle 2 is in 
direct communication with the annular chamber 
‘I. By reason of the neatly ?tted contacting sur 
races or the body member 3 and the housing I, 
and the similar close ?t between the nozzle 2 
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. and the housing, the bores of the nozzle 2 and or 
the body member 3 are held in accurate longi 
tudinal alignment. " _ 

The housing I, as previously set forth, is con 
nected through the port 4 with the exhaust manl 
fold of the internal combustion engine III, see 
Fig‘. 5, which engine with the ejector above de 
scribed, constitutes the suction mechanism. A 
suitable two-way valve is positioned in the con- 55 
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nection between the exhaust manifold ‘of the 
engine and the ejector and is operable to direct ‘ 
the exhaust gases of the engine directlyto the 
ejector or directly to the exhaust pipe of the 
engine, it being understood that the _ 
gases are passed to the ejector only during'such 
timeasitisdesiredtocreatesuctionatthe 
ejector for pump priming or other suction pur 
poses. Flow of the exhaust through the 
nozzle 2 and the body member I evacuates the 
,chamber 1 and tends to draw into that chamber. 
through the port 8, fluid from a source with 
which the said port is connected. When this de- - 
vice is employed for priming centrifugal pumps, 
the port 8 is connected with the eye of thepump 
in well known manner. - . . 

of an ejector adapted to operate at the. 
relatively low gas pressures available-in the ex- . 
ha‘ust of an internal combustion engine," and to 
produce the required relatively high lifts, pre? 
sented a problem of considerable complexity in 
volving de?nitedeparture from the conventional 
design practice. It was n to considerv not 
only the characteristics‘of'the ejector per so at 
the available pressures, but also the effect of the 
presence of the e'jector in theexhaust line upon 
the operation of the engine which constitutes the 
source of the operating pressure'when‘said en 

- gine is functioning as an exhaust gas compressor. 

30 The velocity of the gases discharged through the 
,ejector nozzletis a function of the exhaust pres 
sure, whereas the-pressure developed‘in the ex 
haust is a motion of engine operation, the eiii- I 

' ciency of which operation, whensaid engine is 
35 functioning as an exhaust gas compressor, being 

determined by the diameter and form of the 
nomle e of the nozzle. I have discovered 
that if the diameter of'the‘ nozzle is too great, 
{the exhaust pressure obtainable from the‘ engine 
when said engine is functioning as an exhaust 

' gas compressor, is not sufilcient toprovide maxi 
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mum suction at the ejector, due to the fact that 
the exhaust gases pass too freely‘through the 
nozzle without building up a sufiicient back pres 
sure. I have discovered, on the-other hand, that 
ifthediameter ofthenozzleistoosmall,the~ 
exhaust pressure or pressure will 
be too great between the engine and ‘the ejector 
to permit the efficient operation of the engine 
when said engine is acting as an exhaust gas 
compressor, due to the fact that the excessive 
exhaust back pressure existing between the en-y 
gine and the ejector will materially interfere with 
the operation of the engine, 1. e., it will prevent 
the engine from operating smoothly and prop 
erly, and if too great will even cause the engine 
to stop.‘ I have discovered that there is-a direct 
relation between the diameter and shape of a 
nozzleinsertedin-theexhaustofaninternal 
combustion engine and the exhaust pressure of 
that engine and that it is possible to design a 
nomle which, within de?nable limits of size and 
shape, will be ‘productive of the development of 
maximum attainable exhaust pressures by the 
engine when saidsengine is functioning‘ as an 
exhaust gas compressor and, therefore, of maxi 
mum yelocitiesr-of gas discharge through the noz 
zle. Velocity alone ispot s'uiiicient, on the other 
hand, to obtain high lift characteristics in'the 
ejector, these characteristics being a function of 
the relation of the nozzle to the other elements 
of the ejector and the form and relative dimen» ' 
sions of those elements. I have discovered that 
between de?nable limits there is a direct relation 
between, the forms and relative dimensions of 
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the nozzle and of the other elements of the 
ejector affording maximum lift characteristics 
in the ejector. I have found further that all of a 
these relations are substantially constant, and 
that they may, therefore, he expressed in terms 
of formulae permitting y application of the 
principle involvedto the reduction of‘ ejectors 
for use__with substantially any character of in 
ternalglcombustion engine and capable of ail'ord-' 
ing, when used with any specific engine, per 
formances heretofore considered unobtainable. 

Referring again to the drawing, I have found 
that maximum velocity of nozzle discharge may 
‘be obtained by the exhaust gases of an 
internal‘ combustion engine through a nozzle 

e of the cylindrical form shown where the 
diameter (DN) of ‘the -~=~'~= e, in inches, is ap 
proximately 35 of the square root ‘of the maxi 
mum brake horsepower of the said engine, and' 
the length of the passage (LN) is approximately 
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three times its diameter.‘ With anozzle passage _ 
of this with the ejector connected 
to the exhaust of an internal comhustiorr engine 
when said,.engine is functioning as an exhaust 
gas compressor, the exhaust pressure 
may be developed toestahlish the maximum suc 
tion at the ejector. This is accomplished by 
.running the internal combustion engine with’the 
throttle thereof at the “wide open” position, for 
it is at this po?tion of the throttle that the en 
gine develops its maximum brake horsepower. 
with a nozzle passage of a diameter in inches of 
approximatelyl?gofthesquarerootofthemaxb' " 

mum brake horsepower of the internal combus 
tion engine, maximum velocity and pressure ef-' 
fects will be obtained at the ejector and the said 
engine will operate smoothly and efficiently as an 
exhaust gas compressor. i. e., no excessive back 
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pressure will be built up between the elector and . 
engine which would tend to affect adversely the 
normal operation of_ the engine as an exhaust 
gas compressor and the. nozzle e is such 
thattheexhaus‘tgasdoesnotpasstooreadily 
therethl'ough. I have found further that ex-‘ 
ceptionally good rsults may be obtained by vari 
ation ofthese dimensions in either direction be 
tween certain limits. Thus the diameter of the 
nozzle emayvarybetweenyigandléoof 
the square root of the maximum brake horse 
power of the engine, and the length of the nozzle 
_may vary between 1% times the- diameter of the 
nome e and five\ times said. diameter. 
These .-therefore, may be express 
in (tergnsv'of the following formulae: , ' 

‘' ---braie ' iiliaxlimufmbrake 
.. ' - ' '. .8‘ . engine ) 

,DN ~=/ 15 ‘’° 30 - 

VILN=DNX 1% to mvxs 
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/ The limits specified in the above formulae have _ 
been foundto de?ne a critical or optimum range 
of dimensions, outside of which maximum suc 
tion effects‘ are not obtainable at the ejector. If 
the diameter of the nozzle passage exceeds the 
above specified maximum, theexhaust-e gases pass 
too readily through the nozzle, whereas if the di 
ameter of the nonle passage, is less than the 
above speci?ed minimum, the ,back pressure/is v70 
too great and affects adversely the efficient oper 
ation .of the internal combustion engine. when 
I refer to the emcient operation of the engine, it 
will be understood that I refer only to the effi 
ciency of the engine to function as an exhaust 
gas compressor, i. e., I am not at all concerned 75 
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‘ throat diameter (DB) of the passage It.‘ The 
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~ with the efiiciency of the said engine to perform 
other work, such as driving a pump, propelling 
the vehicle, or the like, it being obvious that the 
ejector is connected to the engine only during 
such time as the said engine is functioning as a 
source of exhaust gas pressure for the ejector. 
As previously set forth, I have found further 

that to utilize the velocities thus afforded to ob 
tain a maximum lift in the ejector, the elements 
of the ejector structure should bear, between cer 
tain limits, a definite relation to each other. Thus 
the passage ll through the body member 3 should 
diverge forwardly from a point of maximum re 
striction adjoining the nozzle 2, and this angle of 
divergence (a) should be approximately 2°, and 
may vary between 1° and 3". The diameter of 
the throat of the passage l8, 1. e., the diameter 
(DB) at the point of maximum restriction, should 
for best results be approximately 1.5 times the 
diameter (DN) of the nozzle passage, and may 
vary between 1.3 times that diameter and 1.7 
times the diameter; and they outside diameter 
(dN) of the outer end of the nozzle 2 which lies 
in proximity to the throat of the passage l8 
should be from 9;" to 11;" plus the diameter 
(DN) of'the nozzle passage. It was found that 
the length (LB) ‘of the passage l8 should for 
maximum results be approximately 7 times the 
diameter (DB) of the throat of the passage, and 
may vary between 4.5 times the diameter of said 
throat and 10 times the diameter of the throat. 
The end of the nozzle 2 in this assembly is pref- ' 
erably located ‘at the throat of the passage II, 
but may occupy a position at either axial side 
of this throat to a distance (A) up to .5 of the 

foregoing dimensions may be expressed in terms 
of the following formulae: . 

dN=DN+JW to DN+1*;" 
a. .- DB=DN>< 1.3 to DNxL'l , 

. a =1° to 3° , _ - 

.LB=DB-><4.5 to DB>210 - ~ 
A, the distance of the end of the noz 

zle ,2, in either direction axially, 
from the throat of the passage ll, 
may vary within the-limits of» zero 
to DBx .5; ‘ 

In the above formulae the limits‘ speci?ed have 
been found to define a critical or optimum range 
of dimensions or angles, outside of which-max 
imum suction effects are not obtainable at the 
ejector. / 

It will thus be seen that‘ the most important 
dimension or range ofdimensions relates to the 

' diameter DN of the nozzle passage, and that once 
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this dimension is obtained by using the known 
maximum brake horsepower of the engine as a 
basis for the calculations, the length of the nozzle ‘ 
passage LN, the diameter of the throat of the bore . 
DB, et'c., may be readily determined. Hence, by 
the invention presented herein it is a relatively 
simple matter to associate with any internal com 
bustion engine of known maximum brake-horse 

~ power, the proper ejector mechanism to accom 
plish optimum maximum suction effects. The 
maximum known brake horsepower of a particu 
lar engine is generally set forth in the speci 
?cations of the engine and hence is a known 
quantity. Such factors as the area of the pis 

' tons in inches, the pressure in pounds weight per 
square inch, the length of the stroke in inches, 
the number of strokes per minute, the number of 
cylinders, etc.,_al1 contribute to the determination ' 
of the maximum brake horsepower for any'given 

'maybeusedasabasisfo 

3 
wmbustilonengine, and as these factors 

bear a very de?nite relation to maximum volu 
-metric displacement of the engine when consid 
ering said engine as an exhaust gas compressor. 
I have discovered that the maximum brake ' 
horsepower of . an internal combustion engine 

calculating the di 
mensions of the componen parts of an ejector, 
which ejector, when connected to the exhaust of 
the selected internal combustion engine and said 
engine operated at “wide open" throttle, will de 
velop maximum suction e?ects at the ejector.‘ 
with an ejector constructed as described above, 

I have found it possible with the pressures avail— 
able from the exhaust of an internal combustion 
engine, which' pressures are seldom in excess of 
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25 pounds, to lift water vertically through heights ' 
as great as 24 feet; this lift being far in excess 
of the lift previously obtainable by ejector action 
from such exhaust pressure source. While it is ' 
known that prior to my invention attempts have 
been made to utilize ejectors operated from the ‘ 
exhaust of an internal combustion engine for 
the purpose of priming pumps, such attempts 
within my knowledge have failed in commercial 
application by‘ reason of inability to produce by 
this means lifts of adequate height. 'The present 
invention ?nds an application of particular value 
in connection with centrifugal pumps employed 
in ?re ?ghting apparatus wherein the priming 
operation‘ may frequently involve lifts of wateip 
from the source to the pump of considerable 
heights. It is customary in modern ?re ?ghting 
‘apparatus to provide the vehicle with an internal 
combustion engine which is selectively employed 
to propel the vehicle, or to operate the pumping 
equipment on the vehicle such as a centrifugal 
pump or the like. It is therefore a matter of 
greatrconvenience to utilize the internal com 
bustion engine mounted on the vehicle as a 
source of pressure ?uid for operating an ejector 
adapted to create maximum suction effects for 
pump priming and/or‘ other purposes. 

I claim: ‘ ~ 

1. A suction mechanism comprising an ejector ‘ 
connected to the exhaust of an internalv com 
bustion engine of known maximum brake horse 

' , power, which engine functions as a source of pres 
sure ?uid for operating the ejector, ‘said ejector 
including a nozzle having a cylindrical passage 
through which the exhaust passes, a body mem 
ber having a bore’ arranged in axial alignment 
with the nozzle passage and extending forwardly 
from the latter, said bore diverging towards its 
forward end and said nozzle being arranged with 
its forward end in proximity to the throat of 
said bore, and means providing a suction cham 
ber outwardly of said nozzle and communicating) 
with the rear end of. said bore, said nozzle struc 
ture conforming to the terms of the following 
formulae: ' ' 

Maximum brake 
H. P. of engine _ 

30 

Maximum brake 
H. P. of engine 
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LB=4.5DB to IODB 

DN- to 

where DN is the di§meterin inches of the nozzle 
passage, L_N is the '{length of the nozzle passage, 
DB is the‘ diameter of the throat of said bore, 
0 is the {angle of divergence of said bore, A is the 
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distance oi’ the forward end oi’ said nozzle from 
said throat in either direction axially oi’ the 
bore,LBisthelensthotsaid bore,anddNis 
the outside diameter of the nozzle at the for 
ward end thereof which“ lies. in proximity to the 
throat 01’ said bore. . 

2. A suction mechanism comprising ‘an ejector 
connected tothe exhaust of an internal combus- - 
tion engine oi’ known maximum brake horse 
power, which engine functions as a source 01’ 
pressure ?uid for ‘operating the ejector, said 
ejector includink a ?rst nomle having~a~ pas 
sage through which the exhaust a second 
nozzle having a bore axialLv aligned with and ex 
tending-forwardly from the forward end oi’ the 

‘SI-"4.10 
?rst. nozzle, and a chamber outwardly - 
of. said ?rst nomle'and communicating with the 
rear end of said bore, said ?rst nozzle e 
being ‘cylindrical in term and having an internal diameterininchesequalto?'omlAztoysooithe 
‘square root at the maximum brake horsepower 
oi’ the ensine with‘ which said ejector is to be 
connected whereby emcient operation 01' said 
ensine for production of pressure ?uid ‘for sue‘ 
tion effects may be obtained. 

3. A suction mechanism as de?ned in claim 2, 
wherein the ?rst nozzle a: 

diameter of said nozzle ~14 - 
mcnarm B. sananu'r. 

e has an e?ective? 
length equal to from 1% to times‘the internal 
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