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This invention pertains to steam pumps of the 
jet type, for example, inspirators or injectors, and 
relates more especially to a forcer tube structure 
for such a pump. The patents to Walsh No. 

5 2,034,674, dated March 3, 1936, and No. 2,046,887, 
kdated July 7, 1936, describe highly desirable forms 
of forcer tube. As disclosed in said patents, the 
forcer tube comprises a receiving or combining 
section and a discharge or delivery section, said 

10 sections collectively deñning a substantially 
straight convergent-divergent bore or passage de~ 
vvoid of lateral outlets from one end to the other, 
>the sections being provided with complemental 
parts for securing them rigidly together at their 

l5 smaller ends and with means for removably sup 
porting the forcer tube in the casing. 

As pointed out in said patents, one of the prin 
cipal diflìculties encountered in the manufacture 

Y of pumps of this class is that of providing a 
:zo forcer tube which will effectively resist the power 

ful erosive action of the Water and entrained 
fsteam, such erosive action usually first showing 
itself at the region of the tube where the bore of 
the tube begins to increase in diameter, although 

'25 eventually appearing wherever there is a marked 
change in the taper of the tube. Various expedi 
ents have been tried in the effort to increase the 
resistance of the tube to erosion and thereby >to 
prolong its useful life; for example, by the use of 

:3o a hard, wear-resistant lining at that part or parts 
of the tube where wear most frequently appears. 
Among the materials capable of resisting the 
peculiar wearV conditions existing in such a tube 
structure, stainless steel seems to be one of the 

:35 best, but stainless steel is hard and very difñcult 
to machine. 

If the wear-resistant sleeve be conñned to that 
part of the tube at which the tube normally ñrst 
begins to increase in diameter, the tube structure 

.i0 may resist wear at this point so long that the first 
wear ̀ will eventually appear at some other and 

' unprotected point. It has been proposed to eX 
tend the wear-resistant sleeve or lining through 
out a very substantial portion of the tube, for 

.115 example throughout the entire length of the de 
livery section, or of the combining section, but to 
make and properly install such a long wear~re 
sistant lining is troublesome and expensive. Ac 
cordingly it has been suggested that the entire 

5,0 tube structure, or at least the entire combining or 
the entire delivery tube section, might be made 
rWholly oi the wear-resistant material. However, 
as already noted, stainless steel and materials of 
similar characteristics are hard, brittle and Very 

55 difficult to'machine, and to> make an entire tube 

(Cl. 10S-_277) 
section and properly to connect it with a comple 
mental tube section in such a way as to ensure 
accurate alignment; the avoidance of leaks; and 
adequate resistance to breakage when the parts 
are subjected to prolonged and violent vibration, 5 
present a mechanical problem which has not 
heretofore been successfully solved. 
In particular it has been noted that when the 

delivery section is made of hard metal and screwed 
into a threaded socket in the end of the combining 10 
tube section, the longitudinal stress set up in the 
threaded portion of the delivery section, when the 
parts are screwed up ñrmly- enough to provide a 
leak-tight joint, so weakens the metal that the , 
constant vibration to which the unsupported for- 15 
ward end of the delivery tube is subjected during 
use soon causes the delivery tube section to crack 
at its junction with the combining tube. 
A principal object of the present invention is to 

provide a forcer tube in which a very substantial 20 
portion of the length of the bore of the tube has a 
surface of hard wear-resistant material. For in 
stance, the entire delivery section may be made 
of this material but with provision for so- uniting 
the parts of the tube as to minimize the effect of 25 
vibration as well as to provide a leakproof joint, 
all in a practical and commercially feasible con 
struction. 
A further object is to provide a forcer tube in 

which the wall of the throat portion, as well as 30 
the walls of the combining and delivery portions 
for substantial distances at opposite sides of the 
throat, are of wear-resistant material and con 
tinuous, that is to say, these several portions of 
the bore are formed in a single integral piece of 35 
wear-resistant metal. 
A further object is to provide a forcer tube 

wherein the major portion of the length of the 
wall of the bore is of hard wearresistant mate 
rial, although that portion of the tube which en- 4o 
gages the injector casing thereby to support the 
tube as a whole in operative position, is of a soft 
or at least readily workable material. 
A further object is to provide means whereby a 

hard wear-resistant tube section or member may 45 
be securely connected in leakproof relation to the 
other tube section or part with a minimum 
amount of machining of the hard section or mem 
ber. Other and further advantages of the inven 
tion will be made manifest in the following more 5o 
detailed description and by reference to the ac 
companying drawing wherein: 

' Fig. 1 is a longitudinal section through a forcer 
ytube made in accordance with a preferred em 
bodiment of the invention; 55 
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Figs. 2, 3 and 4 are similar longitudinal sections 
illustrating modiñed constructions; and 

Fig. 5 is a fragmentary vertical section through 
the casing of an injector or similar pump illus 
trating the manner of mounting a tube, such for 
example as illustrated in Fig. l, in operative posi 
tion within the casing. 
Referring to the drawing, the numeral I desig 

nates the complete forcer tube structure com 
prising the combining tube section 2 and the de 
livery tube section 3. The combining tube has 
the wide or rear end ¿i and the small or forward . » 
end 5, while the forward end of the delivery tube ` 
is indicated at 6 and its rear end at l. ; ' 
Near its forward end the combining tube is 

provided with a portion 8 of somewhat greater 
external diameter than the body of the tube, this 
portion 8 having external screw threads 9 for en 
gagement with an internally screw-threaded sup 
port forming a part of the vinjecto-r casing. The 
combining tube is also furnished with a periph 
eral flange l0 having a radial shoulder il which 
constitutes a stop for engagement with a part 
ofthe injector casing, thereby tov limit move 
ment of the tube structure as it is screwed into» 
place, and to provide a leakproof joint with the 
surface of the casing with which it engages. To 
facilitate the mounting of the tube structure in 
the casing, the combining tube section 2 may be 
provided with angular faces l2 or the like, de 
signed for engagement by a wrench or other 
suitable tool. It is contemplated that the com 
bining tube section 2 will be made of some ma 
terial which may be worked readily, for example, 
bronze, so that the screw threads 9, the shoulder 
Il, and the wrench-engaging surfaces l2 may be 
formed without too lmuch diiflculty or expense. 
In Fig. 5 the improved forcer tube is shown, for 

example, as mounted in an injector casing, the 
latter having a transverse septum i3 having a 
radial surface i4 with which the shoulder Il of 
the forcer tube engages when the tube is mounted 
in position. A septum I3 separates the. inlet 
chamber l5 of the casing from the outlet cham 
ber I6. As illustrated, the casing comprises sep 
arable parts l1 and lla, united by bolts Hb, but 
the particular style ofcasing employed is imma 
terial so long as it is provided with an internally 
screw-threaded support having a stop> surface 
with which the shoulder Il may engage. . 
The smaller or forward end k5 of the combining 

tube is furnished with a substantially cylindri 
cal bore IS which provides an elongate'socket for 
the reception of the rear end of the delivery tube 
section 3. This socket terminates atan abrupt 

` radial shoulder 2t which constitutesa stop for 
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the inner end of the delivery tube section, the 
latter being substantially cylindrical and iîtting 
snugly within the socket I9. Adjacent-toA its 
inner orrear end the outer surface Vof the deliv 
ery tube section 3 is furnished with screw threads 
22 Awhich engage screw threads in the wall of the 
socket at the inner end of the latter, thereby to 
.securethe delivery tubeto the combining tube. 
Preferably the socket is of a depth of the order 
of one-halfthe entire length of the delivery tube 
and when the delivery tube is mounted in the 
socket with-its rear end ̀ engaging thev shoulder 
2B, the forwardly extending portion of the com 
bining tube, beyond the screw threads 22, con 
stitutes a supporting sleeve for the delivery tube 
section which prevents any possibility of break 
age of the delivery tube adjacentf'torits screw 
threaded portion. In this connection it may be 
noted that the smooth cylindrical Youter surface 

Y of this convergent 

of the delivery tube is designed to fit with a very 
snug fit into the long lunthreaded portion of the 
socket so as to eliminate any possibility of rela 
tive transverse movement of the tube within the 
socket. Thus any stresses which may be set up 
in the delivery tube in forming the threads 22 or 
in screwing it into the combining tube will not> 
be harmfully increased by vibration to which the 
tube structure may be subjected, and any tend 
ency for the delivery tube to crack oit near its i 

" 'inner end is avoided. 

I In accordance with the present invention it is 
proposed to make the entire delivery tube sectionl 
3 of some very hard wear-resistant material such 
as stainless steel, but-as above noted, attempts 
Vto use such a material, which is quite brittle, have 
heretofore met with little success by reason of the 
tendency of the hard tube to break 01T at its con' 
nection with the combining tube. The present 
invention, by providing thedelivery tube with a 
long tight-litting supporting sleeve, avoids this 
difficulty. . ' ~ ` o ' f 

As illustrated in Fig. 1, the 'bore of the deliv 
ery tube includes the entire divergent _portion 24 
of the passage through the tube structure, the 
cylindrical throat portion 25, and also a portion 
26 of the convergent part‘of the passage-the 

20 

25 

remainder 2l of the convergent part being formed ' 
in the combining tube 2. Thus the most pro 
nounced changes in direction of ilow take place 

_ within the material of the delivery tube which is 
hard and wear-resistant so that thelife of the 
tube is greatly prolonged as compared with ordi 
nary tube structures. l f ' Y .Y 

In Fig. 2 a modified construction is> illustrated 
wherein the delivery'tube 3a is connected to the 
combining tube 2a without requiring Vthat the de 
livery tube be screw threaded.V In this arrange 
ment the combining tube isV provided withv a deep 
socket li)2L similar to that above described, but 
the socket is'even deeper, extending throughout 
substantially three-fourths of the length of the> 
combining tube and terminating at the shoulder 
20a. 
24a of the passage which is divergent, the cylin 
drical throat portion 25a and a portion 26a of the 
convergent part of the passage. However, the 

35 

The delivery tube 3ab includes that portion, , 

45 

delivery tube does not extend tothe bottom of , 
the socket but there is interposed between its 
inner end and the bottom of the socket a >sleeve 
28 also of-wear-resistant material. -This »sleeve ' 
provides a second passage 29 of the convergent 
portion of the passage, while the remainder 21a 

portion is in the combining 
tube section itself. By this arrangement the 
wear-resistant material is extended even further 
than in the arrangement of Fig..1, but by the 
use of the separate sleeve or liner 28 the opera 
tion of providing several of the ’successive tapers 
which usually make up the convergent portion 
of the passage, is made somewhat easierV than 
though they were ally to be formed in the delivery 
tube section itself. . ~ 

The rear or inner end of the delivery tube sec 
tion (Fig. 2) has the radial face 'la which en 
gages the forward end face of the sleeve 28, the 
latter forming a stop for the delivery tube. vTo 
hold the latter in place in its socket, the com 
bining tube is Vprovided with one or more bores 
30 (of small diameter as compared with the tube 
itself) extending from its outer to its inner sur 

se 

face, such bore' or bores being inclined inwardly . 
and rearwardly and being internally screw 
threaded for the reception of set screws 3|. The 
inner endsV of these set screws seat in recesses 32 



15 

20» 

2.5> 
` and provides only the divergent portion Zllß of the 

30, 

40 

45 

50 

55 

60 

65 

70 

2,146,100 
formedv in the outer surface ofthe delivery tube. 
By this arrangement theA outer surface of the 
deliveryy tube may be made cylindrical from end 
to end, with the exception of these slight recesses 
which may be formed by grinding, for example, 
and which do notsubstantially weaken the struc 
ture of the delivery tube. The arrangement of 
the set screws is such as to force the delivery tube 
rearwardly and thus to form tight joints at the 
points la and 20a. 
In the arrangement shown in Eig. 3, which is in 

general quite similar to that of Fig. 2, the screw 
threaded bores'formed through the wall of the 
combining tube are radial and receive set screws 
33'having conical tips 34 which engage conical 
recesses of somewhat larger diameter in the de 
livery tube section Sb, the conical tips of the set 
screws engaging these recesses at their rear sides 
so, as to force the delivery tube rearwardly. 
In the arrangement shown in Fig. 4, the corn 

bining tube 2c has the elongate socket I9c termi 
nating at the radial shoulder 20C, the socket being 
of about the same depth as that shown in Fig. 2. 
In this instance the delivery tube 3c is shorter 
than in the arrangements previously described 

passage and a part 25° of the throat of the pas 
sage. The remainder 25X of» the throat, as Well 
as portions 28C and 23X of the convergentJ part of 
the passage, are formed in a long wear-resistant 
liner sleeve 28c having a radial face at its forward 
end against which the rear end of the delivery 
section abuts to make a` tight joint. In this case 
the joint comes at about the middle of the throat 
where there is no outward pressure, so that possi 
bility of leakage at this point is eliminated. For 
holding the delivery tube section in place, the 
extreme forward end of the combining tube is 
reduced in diameter at 3S and externally screw 
threaded for the reception of a clamping sleeve 
31 having an internal radial flange 38 which is 
designed to engage a split ring 38 setinto a pe 
ripheral groove in the delivery tube sectionßc. 
kSuch a groove may readily be formed even in 
such hard material as that of the delivery tube, 
and the ring 39 forms an abutment shoulder for 
engagement by the clamping sleeve 3'! whereby 
the delivery tube section and the lining section 23c 
`maye be firmly clamped in position within the» 
combining tube. This arrangement, like those 
shown in Figs. 2 and 3, provides a forcer tube 
structure having a hard wear-resistant lining 
extending throughout the greater part of its 
length, although that part of the tube structure 
which rcarries the elements (for example parts 8, 
9, ID, Il and l2) by which it is mounted in the 
injector casing may be of a softer and more 
easily workable material. 
While certain desirable embodiments of the in 

vention have been illustrated by way of example, 
it is to be understood that the invention is not 
necessarily limited to these precise embodiments 
or to the details disclosed, but is to be regarded 
as broadly inclusive of all equivalent constructions 
such as fall within the terms of the appended 
claims. 

I claim.: 
l. A forcer tube comprising a combining sec 

tion and a unitary delivery section, said sections, 
When assembled, forming a continuous conver 
gent-divergent‘passage devoid of lateral outlets, 
the combining section being provided with means 
for mounting it in an injector casing, the delivery 
section being'ïof substantially uniform external 
diameter from end toend and being socketed for 

approximately one-half its length within the sub 
stance of` the' combining tube, and means re 
movably uniting the tube sections. 

2». A'forcer tube comprising a combining sec 
tion» and a delivery section, said sections when 
assembled forming a continuous convergent 
divergent passage devoid of lateral outlets, the 
combining, section being provided with means for 
mounting it in an injector casing, the rear end of 
the delivery tube fitting snugly within an axial 
socket in the combining tube to a depth o1" the 
order of one-half the entire length of the delivery 
tube, and` means at the rear end portion of the 
delivery tube for connecting it to the combining 
tube section. 

3. A forcer tube comprising a combining section 
and a unitary delivery section of a hard wear 
resistant material throughout, said sections, when 
assembled, forming a convergent-divergent pas 
sage, the combining tube section being of a ma 
terial which is readily machined and being pro 
vided with means for mounting it in an injector 
casing, the bore of the combining tube section 
having an elongate substantially cylindrical por 
tion of a length which is at least one-half the 
entire length of the combining tube section, said 
cylindrical portion of the bore constituting a 
socket for the reception of the rear end of the 
delivery tube section, said rear end of the delivery 
tube section being of such shape and dimensions 
as to nt snugly within said socket, and means re 
movably securing the delivery tube section in 
associated relation with the combining tube sec 
tion. , 

4. A forcer tube comprising a combining section 
and a unitary delivery section, said sections, when 
assembled, forming a continuous convergent 
divergent passage devoid of lateral outlets, the 
combining section being provided with means for 
mounting it in an injector casing, the delivery 
section being of substantially uniform external 
diameter from end to end and being socketed for 
approximately one-half its length Within the sub 
stance of the combining tube, the inner end por 
tion only of the socketbeing screw threaded, said 
delivery section having external screw threads 
adjacent to its inner end only for engagement 
with the screw-threaded port-ion of the s cket and 
having a smooth outer surface such as snugly to 
engage the unthreaded portion of the socket wall. 

5. A forcer tube comprising a combining section 
and a delivery section, said sections, when assem 
bled, forming a convergent-divergent passage, 
the combining tube section being provided with 
means for mounting it in an injector casing, the 
bore of the combining tube section having an 
elongate substantially cylindrical portion consti 
tuting a socket for the reception of the rear end 
of the delivery tube section, the latter section 
being substantially cylindrical from end to end 
and having its rear end portion :fitting snugly 
within the socket, the inner end portion only ci 
the socket being screw threaded and the inner 
portion only of the delivery tube section being 
screw threaded for engagement with the threaded 
part of the socket, the major portion of the length 
ofthe socket having a smooth wall and the de 
livery section having an unthreaded portion of 
substantial length which iits snugly in said 
smooth walled part of the socket. 

6. A forcer tube comprising a combining section 
and a delivery section, said sections, when assem 
bled, forming a continuous convergent-divergent 
passage devoid of lateral outlets, the combining 
section being providedwith means for mounting 

3. 
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it in an injector casing, the bore of the combining 
tube section having a. substantially cylindrical 
portion extending from the forward end of the 
section for a distance of the order of at least one 
half the length of the tube toward its rear4 end, 
said cylindrical portion constituting a socket for 
the rear end of the delivery tube section, the 
delivery section being cylindrical and of substan 
tially uniform external diameter from end to end 
and fitting snugly within said bore, means con 
stituting a stop for klimiting movement of the 
delivery section into the socket, and securing 
means operative to exert force tending to move 
the delivery section into engagement with said 
stop means. 

7. A forcer tube comprising a combining section 
and a delivery section, said sections when assem 
bled forming a continuous convergent-divergent 
passage devoid of lateral outlets, the combining 
section being provided with means for mounting 
it in an injector casing, the rear end of the de 
livery tube ñtting snugly within an axial socket 
in the combining tube to the depth of the order 
of one-half the entire length of the delivery tube, 
the combining section having a screw-threaded 
bore of relatively small diameter leading from its 
outer surface into the socket, and a threaded 
clamping element engaging said bore, the smooth 
cylindrical part oi the delivery section having a 
recess for engagement by the inner end of said 
clamping element. 

8. A forcer tube comprising a combining sec 
tion and a delivery section, said sections, when 
assembled, forming a continuous convergent 
divergent passage devoid of lateral outlets, the 
combining section being provided with means for 
mounting it in an injector casing, the bore of the 
combining section having an elongate, substan 
tially cylindrical portion constituting a socket for 
the reception of the rear end of the delivery sec 
tion, the latter section iitting snugly within the 
socket, the delivery section comprising the entire 
divergent portion ofthe passage and also the 
smaller end portion of the convergent part of the 
passage, the combining section having a screw 
threaded bore of relatively small diameter leading 
from its outer surface into the socket, the axis 
of said bore being inclined toward the bottom 
of the socket, and a> set screw engaging said 
threaded bore, the cylindrical surfaceY of the de 
livery section having a recess for engagement by 

, the inner end of said set screw. 
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9. A forcer tube comprising a combining sec 
tion and a unitary delivery sectionof a hardV 
wear-resistant'material throughout, said sections, 
when assembled, forming a convergent-divergent 
passage, the combining section being of a ma 
terial which is readily machined and being pro 
vided with means for mounting it in an injector 
casing, the bore of the combining section having 
an elongate substantially cylindrical portion of a 
length which is at least one-half the entire length 
of the combining section, said cylindrical portion 
of the bore constituting a socket for the reception 
of the rear end ofthe delivery section, said rear 
end of the delivery section being of such shape 
and dimensions as to fit snugly within the socket, 
the forward end of the combining section _being 
externally screw threaded, a threaded clamping 
ring engaging said threaded end portion of the 
combining section, and means carried by the de 
livery section for engagement by said clamping 
ring whereby rotation of the clamping ring, rela 

2,146,100 
tive to the first section, draws the» end portion of 
the delivery section axially into the socket. _ 

10. A forcer tube comprising a combining sec 
tion and a delivery section, said sections, when 
assembled, forming a continuous convergent 
divergent passage devoidof lateral outlets, the 
combining section being provided with means for 
mounting it in an injector casing, the delivery 
tube'section beingV of a hard Wear-resistant but> 
brittle material subject to breakage when ex 
posed to vibration, and connecting means for 

10 

uniting the combining and delivery tube sections, ' 
the combining tube section comprising means 
external to the delivery tube section for support 
ing the delivery tube section for a substantial 
part of the length of the latter forwardly of the 
location of the connecting means. ` 

11. A forcer tube comprising a combining sec 
tion and a delivery section, said sections, when 
assembled, forming a continuous convergent 
divergent passage devoid of lateral outlets, the 
combining section being ̀ provideollwith means for 
mounting it in an injector casing, the delivery 
tube being of a wear-resistant material subject 
to breakage when exposed to vibration, and means 
connecting the inner end of the deliverytube to 

. the combining tube, the combining tube compris 
`ing rigid means which externally engages the de 
livery tube at a point'substantially spaced, in a ' 

- 30 forward direction, from the connecting means.l 

20k 

it 

12. A forcer tube comprising a combining sec- " 
tion and a delivery section, said sections, when 
assembled, forming a continuous convergent 
divergent passage devoid of lateral outlets, the 
combining >tube section being provided with 
means for mounting it in an injector casing, the 
bore of the combining tube section having an 
elongate, substantially cylindrical portion, con 
stituting a socket for the reception of the rear end 
of the delivery tube section, the latter section> 
fitting snugly within the socket,ithe delivery tube 
section comprising the entire divergent'portion >of 

35 

40 

theV passage and also the smaller end portion of ' 
the convergent part of the passage, and means, 
spaced rearwardly from the forward end of the 
combining» tube for removably securing the de 
livery section within the socket. ' n 

13. A forcer tube comprising a combining sec 
tion and a unitary delivery section of wear-resist- ~ 
ant material and being of substantially uniform 
external diameter from end to end, said sections, 
when assembled, forming a convergent-divergent 
passage, the combining tube Section being of a 
material which is readily machinable and being 
provided with means for mounting it in an in 
jector casing, the bore of the combining tube sec 
tion having an elongate substantially cylindrical 
portion constituting a socket for the reception 
of the rear end portion of the delivery tube sec 
tion, the bore of the delivery tube section defining 
the entire divergentportion of the passage as well 
as the throat portion and also the smaller end 
of the convergent portion of the passage, Ythe 
major part, at least of the length ofthe delivery 
tube which engages the socket having a substan 
tially smooth exterior surface which iits snugly 
.against the wall of the bore. 

14. A forcer tube comprising a combining sec 
tion and a one-piece delivery section of substan 
tially uniform external diameter from end to end, 
said sections, when assembled, forming a conver 
gent-divergent passage, the combining tube sec 
tion being provided with means for mounting it 
in an injector casing, the bore of the combining 
tube section havingr an elongate substantially 

50 

55 

60 

70 

75 



2,146,100 5 
cylindrical portion constituting a socket for the passage, a Wear-resistant lining fitting within the 
reception of the rear end portion of the delivery rear end of the socket and having an axial bore 
tube section, the bore of the delivery tube section which provides another portion of the convergent 
defining the entire divergent portion of the pas- part of the passage, and means for securing the 
sage as Well as the throat portion and also the deliveiy tube section in the socket. 5 
smaller end of the convergent portion of the FREDERICK W. WALCH. 


