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NJECTOR. 
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Application filed June 12, 1884. Serial No. 134.638. (Model.) Patented in England September 17, 1883, No. 4,430 and February 

5, lSS4, No. 2,756; in France January 29, 1884, No. 148,123, and in Germany February 29, 1884, No. 2,569. 

To all, Luhon, it 7ally concern: 
Be it known that we, HARRY HOLDEN, of 

Salford, in the county of Lancaster, England, 
engineer, ROBERT GRUNDY BROOKE, of Sal 
ford, aforesaid, engineer, and THOMAS HENRY 
WHITE, also of Salford, aforesaid, engineer, 
have invented certain new and useful Im 
provements in Injectors for Raising and Forc 
ing Liquids, of which the following is a speci 
fication, reference being had to the accom 
panying drawings. 
Our invention relates to an improvement in 

injectors for raising and forcing liquid. In 
injectors such as are ordinarily enployed there 
are, in addition to the steam nozzle or jet, a 
tube or throat, into which the steam-nozzle 
projects, and through which steam issuing 
from the nozzle induces a current of liquid. 
This tube or throat is usually termed the 
“lifting-tube.’ In line with this lifting-tube 
is another tube or throat wherein steam is 
condensed with the flow of water induced by 
it, and this latter tube we term the “combin 
ing-tube.’’ 

In injectors there is commonly provided an 
overflow-opening in the combining-tube, which 
is in communication through a chamber or 
passage with the atmosphere. 
The object of our invention is to provide 

greater facility for starting and restarting the 
injector, and to this end we provide in the 
combining-tube, Or at the entrance to the com 
bining-tube and between it and the end of the 
lifting-tube, a supplemental overflow-opening, 
which communicates with the main ordinary 
overflow chamber or passage, and we also pro 
vide an automatically-closing valve whereby 
the supplemental Overflow-opening will be cut 
off from communication with the main over 
flow chamber or passage during the proper 
working of the injector, and which will be 
automatically opened to place the Supplement 
tall overflow-opening in communication with 
the main overflow chamber or passage in start 
ing and restarting the injector. 
The invention Will be hereinafter described 

in detail, and pointed out in the claims. 
In the accompanying dra Wings, Figure 1 is 

a longitudinal section of an injector embody 
ing our invention. Figs. 2 and 3 are similar 

sectional views of injectors embodying our in 
vention in a slightly modified form as com 
pared with Figure 1. Fig. 4 is a longitudinal 
Section of as much of an injector as is neces 
sary to illustrate our invention as applied to 
an injector having a long lifting-tibe for rais 
ing water from a considerable depth. Fig. 5 
is a longitudinal section of an injector em 
bodying our invention, and which is to be 
worked by steam of a low pressure, such as 
exhaust-steam from an engine. Fig. 6 is an 
axial section of the combining-tube of the in 
jector shown in Fig. 5 in a plane at right 
angles to the plane of Fig. 5, and Fig. 7 is a 
transverse Section upon the plane of the dotted 
line K. L., Fig. 5. 

Referring first to the example of our inven 
tion shown in Fig. 1, t is the casing of the in 
jector, to one end of which casing t is secured 
the steam nozzle or jet u. Through one side 
of the casing t is formed the liquid-inlet , 
which communicates with the Supply of liquid 
by means of a pipe. Formed within the cas 
ing t is the lifting-tube 0, into which the steam 
nozzle it projects. Within the casing t is the 
combining tubea and delivery-tube ac, formed 
in one piece, which, for convenience of de 
scription, we shall call the “combining-tube'' 
ac. The combining-tube a is Supported by the 
part ti, formed within the casing t, and such 
combining-tube a has formed upon it an en 
larged part, ac, which is supported by a pro 
jecting part, ti, formed within the casing t, 
the part ti and the part ti: Serving as guides 
within which the combining-tube a may be slid 
longitudinally. To the end t of the casing t is 
secured a hollow plug, ), to which may be se 
cured a pipe, 2, leading to the Steam-boiler or 
other vessel to which liquid is to be supplied. 
Within the casing it is a Spiral spring, 1, one 
end of which abuts against the part ti, while 
the other end of such spring 1 presses against 
the enlarged part ac of the combining-tube 
ac. The spring 1 tends to move the combin 
ing-tube a in the direction of the arrow B, the 
movement of the combining - tube a in such 
direction being limited by the Socket q1, the 
end of of which acts as an abutment to the 
combining-tube ac. Upon steam being allowed 
to issue from the steam nozzle or jet it, a par 
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tial vacuum will be formed within the cham- through which the balls 11 are inserted, one 
ber o', and liquid will be drawn into the said 
chamber, and will be carried by the steam is 
Suing from the steam jet or nozzle at through 
the lifting-tube w. The jet of steam and liq 
uid issuing from the lifting - tube w escapes 
from the chamber 3, surrounding the opposed 
ends of the lifting-tube 0 and combining-tube 
ac, until such jet of steam and liquid issues 
from the lifting-tube w with sufficient velocity 
to cause such jet of steam and liquid to enter 
the combining tube ac, when the steam and liq 
uid will pass along the combining-tube a and 
through the pipe 2 to the steam-boiler or other 
vessel to which liquid is to be supplied. As soon 
as the steam and liquid passes along the pipe 2, 
the pressure of such steam and liquid acting up 
on the end surface, C, of the combining-tube ac, 
will move the said combining-tube in a direc 
tion opposite to that of the arrow B, so as to 
compress the spring 1. The combining-tube 
a will then be forced in the direction opposite 
to that of the arrow B until the end ac' of such 
combining-tube a arrives in contact with the 
end w' of the lifting -tube w, whereupon the 
lifting and combining tubes war act as though 

The combining-tube a is 
provided with the usual overflow.opening, ac". 
If, from any cause, the supply of steam or liq. 
uid to the injector becomes interrupted and 
the pressure of the liquid in the pipe 2 de 
creases beyond a certain point, the spring 1. 
will expand and force the combining - tube 
a in the direction of the arrow B until such 
combining-tube a is again placed in the posi 
tion shown in the drawings; but upon liquid 

pipe & the pressure of the liquid passing along 
the pipe 2 will again move the combining-tube 
ac aforesaid in a direction opposite. to that of 
the arrow B until the end ac' of such combin 
ing-tube a arrives in contact with the end ty 
of the lifting-tube v, thus causing the injector 
to be automatic, so far as regards restarting. 
The movable combining - tube a itself con 

stitutes a valve whereby the space between 
the lifting and combining tubes is closed. 
A further modification of our invention 

shown by Fig. 2 consists in an arrangement of 
injector in which we provide one or more 
outlets or openings between the lifting-tube 
and a combining-tube, which is fixed in posi 
tion, which openings we close by means of 
valves when liquid is passing through the 
combining-tube to the steam-boiler or other 
vessel to which liquid is being supplied. At 
4 is the casing of the injector, within which is 
the steam nozzle or jet 5, the lifting-tube 6, 
and combining - tube 7. The liquid-supply 
opening is at 8. Secured to the casing 4 and 
surrounding the opposed ends of the lifting 
tube 6 and combining-tube 7 is a collar, 9, 
through which any desired number of open 
ings, 10, are formed, two only of such open 
ings 10 being shown in the drawings. Each 
of the openings 10 is provided with a ball-valve, 
11. The casing 4 is provided with openings, 

ball 11 through each opening, each of such 
openings being closed by means of a plug, 12. 
The plugs 12 are each provided with a hollow, 
12*, which serves to direct one ball 11 to one 
of the openings 10, upon which such balls 11 
at times rest. When steam is allowed to issue 
from the nozzle or jet 5, a partial vacuum will 
be formed within the chamber D, and liquid 
will be drawn into such chamber D, and will 
be carried through the lifting-tube 6, and for 
a time the steam and liquid will force the balls 
11 away from the openings 10, and will escape 
by the opening 13, formed through the casing 
4. When the steam and liquid issue from the 
lifting tube 6 with sufficient velocity to pass 
along the combining-tube 7, a partial vacuum 
will be formed between the opposed ends of 
the lifting and combining tubes 67, whereupon 
the balls 11 will be drawn against the openings 
10, so as to close them. After the openings 10 
are closed by the balls 11 the lifting-tube 6 
and combining-tube 7 will act as though they 
were one tube. If the supply of liquid or steam 
to the injector be interrupted from any cause, 
and the liquid ceases to pass along the coin 
bining-tube 7, the balls 11 will be forced from 
the openings 10, when the liquid and steam 
will again be allowed to escape through such 
openings 10 until the liquid and steam again 
pass along the combining-tube 7, when the 
balls 11 will be again drawn to and close the 
openings 10, thus isolating the ordinary over 
flow - openings 7* from the supplementary 
overflow. openings 10, and causing the injector 
to be automatic, so far as regards restarting. 
A further modification of our invention is 

illustrated by Fig. 3, in which the steam noz 
zle or jet is at 14, and the tube, which - we call 
the “lifting-tube,' is at 15. At 16 is the com 
bining-tube, and at 17 is the liquid-supply 
opening. The end 158 of the lifting tube 15 
and the end 16% of the combining-tube 16 are 
surrounded by a chamber, 18, formed within the 
casing 19 of the injector. The overflow-open 
ing 20, formed in the combining-tube 16, we 
also inclose within a chamber, 21, formed with 
in the casing 19 of the injector. Through the 
side of the chamber 18 we form an opening, 
22, provided with a valve, 23, by which such 
opening 22 may at times be closed. The 
steam and liquid issuing from the lifting-tube 
15 escapes by the opening 22 until such steam 
and liquid issues from the lifting-tube 15 with 
sufficient velocity to pass through the combin 
ing-tube 16 and into the boiler or other ves 
sel to which liquid is to be supplied, when a 
partial vacuum will be formed within the 
chamber 18, and the valve 23 will be drawn 
against and close the opening 22, thereby 
tightly closing the chamber 18 and preventing 
air or vapor from passing to the entrance 16* 
of the combining-tube 16. This practically 
closes the space between the tubes 15 and 16 
to the entrance of air or vapor. Any air 
or vapor carried by the liquid passing along 
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by the opening 20 into the chamber 21; but 
when the injector is at work the valve 23 will 
close the opening 22, as above described, and 
prevent all communication between the cham 
ber 21 and the chamber 1S. If the supply of 
steam or liquid be interrupted from any cause, 
no vacuum will be produced within the cham 
ber 1S, and the valve 23 will cease to close the 
opening 22; but upon the steam and liquid 
passing along the combining tube 16 and into 
the boiler or other vessel to be supplied with 
liquid the valve 23 will again close the open 
ing 22. In cases where a more perfect vac 
uuna is required in injectors to enable them to 
raise liquid from an increased depth the length 
Of the tubes which we for Covenience call the 
lifting-tubes of such injectors requires to 

be proportioned to the depth from which the 
liquid is to be raised, an increased amount of 
lift requiring the lifting-tube to be of increased 
length. If the length of the li?ting-tube afore 
said be increased beyond a certain limit, such 
increased length of the lifting-tube interferes 
with the action of the injector, and the next 
Inodification of or invention consistS in an 
arrangement by which we are enabled to en 
ploy a long lifting-tube to enable the injector 
to Iraise liquid from a considerable depth, and 
after such liquid has been raised to reduce 
the distance between the end of the Steam noz 
zle or jet and the entrance to the combining 
nozzle. 

Fig. 4 shows so much of an injector as is re 
Guired to illustrate this motification of Our 
invention. At 24 is the steam nozzle or jet. 
At 25 is the lifting-tube, shown as being of 
considerable length from E F, and at 26 is the 
combining - tube. Upon the injector being 
put in action the combining-tube 26 is with 
drawn from the lifting-tube 25, so as to leave 
a space between the end 25* of the lifting 
tube 25 and the entrance 26* Of the combin 
ing-tube 26, so as to allow the steam and liq 
uid a free exit, and thus cause a vacuum in 
the liquid-chamber G, by which vacuum the 
liquid is raised to the injector. When the 
liquid arises within the chamber G, it will be 
carried by the steam issuing from the Steam 
nozzle 24, through the lifting-tube 25, until 
the steam and liquid attains a sufficient veloc 
ity to cause such steam and liquid to pass 
through the combining-tube 26 and into the 
boiler or other vessel to which liquid is to be 
supplied, when such combining - tube 26 is 
slid within the lifting - tube 25. The con 
bining-tube 26 may be caused to slide auto 
matically by means of the pressure of the liq 
uid in a manner Similar to that described and 
shown in reference to Fig. 1. 
We would have it understood ill reference 

to all modifications of our invention herein 
before described and shown, that the axes of 
the steam nozzle or jet, lifting-tube, and coal 
bining-tube must be always in one and the 
same straight line when the injectors are ar 
anged for use. By the above-described ar 
rangements We prevent the vacuum formed 

by the jet of steam between the exit end of the 
lifting-tube and the entrance to the combin 
ing-tube from drawing in any air or vapor, 
which such vacuum would otherwise do if a. 
space or opening or openings were left be 
tween the opposed ends of the lifting and Com 
bining tubes. Such drawing in of air or va 
por would interfere with the perfect action of 
the injector. 
We have hereinbefore referred to the li?t 

ing and combining tubes of the injector as at 
times performing separate functions; but when 
such injector is supplying liquid to a steam 
boiler or other vessel the lifting and connbin 
ing tules operate as a combining-tube only. 
A further part of our invention relates to 

that class of injectors in which steam of a low 
pressure-such as the exhaust - Steam from 
steam-engines--is employed, and is illustrated 
by Fig. 5 of the accompanying drawings. At 
27 is the casing of the injector, and at 28 is a 
chamber surrounding the nozzle or jet 29, by 
which steam is supplied to the injector. At 
30 is the combining-tube, terminating at H. 
A portion of the combining tube 30 we inclose 
within a chamber, J. Through the Sides of 
the combining-tube 30 we form openings 31, 
such openings being made by making holes 
through the sides of such combining-tube 30, 
as shown in the detached views, Figs. 6 and 7, 
Fig. 6 of which is a section taken along the 
axis of the combining-tube 30 at right angles 
to Fig. 5, and Fig. 7 a cross-section taken on 
the line KL of Fig. 5, the valve 34 being shown 
in full lines to avoid confusion. The openings 
3i are connected by slots 32, such slots 32 con 
municating with the interior of the chamber 
J; but we do not confine ourselves to the use 
of an opening or Openings, 31, of this particu 
lar form, as Such opening Ol' Openings may be 
formed at any angle to the axis of the said 
combining-tube 30. Through one side of the 
chamber J. We for in an opening, 33, which may 
at times, as We Will hereinafter point out, be 
closed by a valve, 34, Such valve 34 being sup 
ported by a guide, 35. At 36 is the delivery - 
tube of the injector, between the end of which 
delivery-tube 36 and the combining-tube 30 is 
a space, M. Such space M communicates by 
means of OpeningS 37 With a chamber, N, 
formed within the casing 27, which chamber 
N communicates, by illeans of a passage, 38, 
with the overflow 39, with which the opening 
33 also communicates. The delivery-tube 36 
communicates, by means of the opening 40 and 
pipe 41, with the steal-boiler or other vessel 
to which water Ol' other liquid is to be supplied. 
The action of the parts is as follows: Water 

or other liquid is supplied to the chamber 
28, such chamber 2S being situate below the 
level of the Water or other liquid supply. 
The said water or other liquid Will flow along 
the combining-tube 30 through the openings 
3132 and the space M, between the end H of 
the combining-tube 30 and the delivery-tube 
35, into the overflow-pipe 39. Upon steam 
being allowed to issue from the nozzle 29 
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it will be condensed by the water or other 
liquid flowing along the combining-tube 30. 
Such condensed steam, along with the water, 
will escape by the openings 3132 and space 

5 Muntil, from the condensation of the steam, 
the water or other liquid will be caused to flow 
along the combining-tube 30 in the direction 
of the arrow o with sufficient velocity, when 
it will pass along the delivery-tube.86 and into 

to the steam-boiler or other vessel to which water 
or other liquid is to be supplied. As soon as 
the water or other liquid passes along the de 
livery-tube 36, a partial vacuum will be formed 
within the chamber J, and the valve 34 will 

I5 be drawn so as to close the opening 33, and 
thereby separate the chamber J and openings 
3132 from communication with the opening 
or space M and the external air. The space 
Mbetween the opposed ends of the combining 
and lifting tubes acts as the ordinary overflow 
opening. If from any cause the water or steam 
supply becomes interrupted, there will cease 
to be a vacuum within the chamber J. There 
upon the valve 34 will cease to close the open 

25 ing33; but upon the water and condensed steam 
again passing along the delivery-tube 36, a 
partial vacuum will be again formed within 
the chamber J, and the valve 34 will again 
close the opening 33. By the above arrange 
ment we render the injector automatic, so far 
as regards restarting. 
The combining-tube 30 and delivery-tube 36 

may be adjusted, when required, relatively to 
the steam nozzle or jet 29, by means of the 
screwed part 42, formed upon and in the de 
livery-tube 36 and casing 27, respectively, and 
the nut 43. 
An injector which is operated by exhaust 

steam or steam of low pressure depends for 
its efficiency upon the rapidity with which the 
steam issuing from the steam-nozzle is con 
densed. In order to insure a rapid condensa 
tion of the jet or steam issuing from the steam 
nozzle, it is necessary that the jet of steam 

45 present as large a surface as possible to the 
water. In the injector shown in Figs. 5, 6, 
and 7 this result is accomplished by the em 
ployment of the fixed central conical spindle, 
S, in the steam-inlet to the injector, as is shown 

So in Fig. 5. This conical spindle or center pro 
jects inward from a plug, S', which is screwed 
into the steam inlet opening in the casing, and 
is provided with passages through it for steam, 
as indicated by dotted lines in Fig. 5. The 

55 issuing steam passes around and along the sur 
face of the central spindle, S, and the portion 
of the spindle which projects beyond the end 
of the steam-nozzle 29 serves as a guide to cen 
tralize the jet as it contracts upon condensa 
tion. If a solid jet of steam were employed, 

35 

and the spindle S were dispensed with, such 
solid jet would necessarily be of smaller diame 
ter, and would therefore expose less surface 
of steam to the Water. 

65. In all the examples of our invention it will 
be observed that the main ordinary overflow 
opening is in constant communication with 

the external air through a chalnber or passage, 
and it will also be observed that in all the ex 
amples of our invention the supplemental 7o 
overflow - opening communicates with said 
overflow chamber or passage by means of an . 
automatically-closing valve, which, when the 
injector is working properly, remains closed 
to prevent the entrance of external air or va- 75 
por at the supplemental overflow-opening, 
and which will automatically open to facili. 
tate the starting or restarting of the injector. 
What we claim as our invention, and desire 

to secure by Letters Patent, is- - 
1. In an injector having in addition to the 

main or ordinary overflow-opening a supple 
mental overflow.opening employed to assistin - 
starting and restarting the injector, the com 
bination of a single chamber or passage, 85 
which is in communication with the atmos 
phere, with which the ordinary overflow is in 
constant communication, and with which the 
supplemental overflow also communicates, 
and a valve automatically controlling the com- 9o 
munication between the supplemental over 
flow-opening and said chamber or passage, and 
serving, when the injector is at work, to auto 
matically cut off the supplemental overflow 
opening from communication with said cham- 95 
ber or passage, substantially as herein de 
scribed. 

2. In an injector to be worked by steam of 
low pressure, the combination, of the steam 
nozzle 29, the combining-tube 30, having at Ioo 
its end the ordinary overflow-opening, M, and 
also having a supplemental overflow-opening, 
31. 32, the chamber J, surrounding said com 
bining-tube, and having an opening, 33, form 
ing a valve-seat, the passage or chamber 38, Io5 
from which leads the outlet 39 to the air, and 
with which both the ordinary overflow, M, and 
the opening 33 communicate, and the auto 
matically-closing valve 34, serving to close the 
opening 33 and prevent the inflow of air or I Io 
vapor during the working of the injector, sub 
stantially as herein described. 

3. In an injector to be worked by steam of 
low pressure, the combination of the steam 
nozzle 29, the conical spindle or center S, cen- I 5 
trally fixed within the steam-nozzle, the com 
bining-tube 30, having at its end the ordinary 
overflow-opening, M, and also having a sup 
plemental overflow-opening, 3132, the cham 
ber J, surrounding said combining-tube, and 
having an opening, 33, through which it com 
municates with the external air, and the auto 
matically-closing valve 34, Serving to close the 
opening 33, and to prevent the inflow of air or 
vapor during the working of the injector, sub. 125 
stantially as herein described. 

HARRY HOLDEN. 
ROBERT GRUNDY BROOKE. 
THOMAS HENRY WHITE. 

Witnesses: 
ARTHUR. C. HALL, 

U. S. Consulate, Manchester. 
W. T. CHEETHAM, 

81 St. Ann St. Manchester. 

  


