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10 
of a turbo compressor. Where extremely mist , - . . . . . . . . . . . . . . . . . . high pressures are desired, these turbo.com mise based on the assumption that a given 
pressors usually take the form of a series of 

15. 

20 

pressure. This is desirable, inasmuc with a multi-stage compressor of the cen 
trifugal type it is desired to effect pressure, 

25 

in one form or another in known multi-stage. compressors of the type embodying a series. 
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The present invention relates broadly to 
the art of fluid pressure changing devices, 
and more particularly to so-called multi 
stage devices of the rotating or turbo com- ... . . . . . , . . . . . . . . . . ?ing operated, changing for different speeds 

- es, either by reason of high loads and the like. 
speed driving devices which are readily. 
pressor type. 
In many cas 

available, or conservation of space, it is de 
sirable to effect an increase in the pressure. 
of a fluid, such for example as air, by the use 

stages operatively connected one to the other, 
: in such manner that fluid having its pressure. 

- increased in a preceding stage, is delivered to. 
the inlet of the succeeding stage. Normally - - - - - - - - - - - - - - - - the conveying means between the stages is in ation, and that the vanes are thereforecalled. 
the form of an annulus which, due to the 
gradually increasing area available by reason cha . . . . - of gradually increasing diameter, is effective would naturally follow, and to divert such i ; 
for decelerating the velocity of the fluid re 
ceived and therefore increasing: the static 

and not velocity, conditions. . . It is also customary in multist 
pressors of the character referred to to pro 
vide the annular passages intermediate the 
stages with fluid directing vanes having for 
their primary purpose to effect a guiding of 
the fluid and prevent the formation of a 
high velocity vortex at the inlet of a succeed 
sing stage. ... Such a vortex would give rise to 
a centrifugal action opposed to the preced 
ing stage and to a greater or lesser extent. 
nullify the pressure increment which coul 
be realized in the apparatus. Such guide. 
vanes therefore have necessarily been present 

of co-axial impellersina single housing. 
Due to the fact that the fluid leaving a given stage of a centrifugal compressor is ro 

tating at an extremely high velocity, such 
fluid has a tendency to travel in the path of 
a spiral in the annular return bend between 

so successive stages. The natural path of a 
* flui - . . . . . lid particle in such a return bend is 

n nulti-stage com 

total losses in the apparatus. : : 
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Serial No. 522,704. 
arithmic spiral. The angular progression of . . . . 
such a spiral in the bend along the axis of 
the compressor varies in accordance with the 
conditions under which the compressor is be 

. . . . It is therefore apparent. I 
that any vanes or guide devices of the char-, 
acter referred to; if correct for one, condi tion of operation are not at the proper angle: 

another condition of operation. They 60 
titherefore be considered as a compro-, - . for 

apparatus will operate a majority of the time. 
linder a substantially constant load and at . . . 
a substantially constant speed. . . . . . 65 
To those skilled in the art it is well known 

that such conditions are subject to wide vari- . . . . . . 

upon to effect at different times' varying 
changes in the path which the fluid particles 0 . 
particles into an arbitrary path determined 
by the vanes. . . . . . . . . . . . . . . . The fluid stream does not perfectly fill the 
annular diffuser and there are thus losses due 75 . . . 
to eddy motion at the boundaries of the . . . . . . . 
fluid stream. In addition to such eddy losses 
there are surface friction losses which may be 
considered as arising from a tendency of the . . . . . . 
fluid particles in immediate contact with the 80 

infining surface of the annulus to be at rest 
lative to that surface, while the fluid par 

ticles, remote from such surface are travel- . 
ling at an appreciablevelocity. There is thus. . . . 
a relative motion of the molecules in the di-85 . . . . . 
rection of flow which introduces a resistance . . . . 
to flow or a drag on the moving stream as a 
whole. It has been determined that under substantially normal conditions of operation: 90. 
age loss due to surface friction may amount to 
5.75%, which represents an appreciable re 
duction in efficiency due to such surface fric 
In addition to losses due to eddy current 95. 

and surface friction, there are shock losses. 
which, under certain conditions, undoubtedly . . represent a fairly high proportion of the 

withstandard types of apparatus the percent 

Not only does a multi-stage compressor of 100 log 
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the usual type represent a more or less in 
efficiently operating structure due to losses of 
the character referred to and due to a large 
extent by the guiding vanes necessarily Sup 

E plied, but it requires accurate machining in 
order to make proper provision for such vanes 
and the proper cooperation of the impellers 
therewith. 

It is one of the objects of the present in 
10 vention to provide for multi-stage pressure 

increase in a single housing in which such 
guide vanes are not required and in which 
the stream of fluid in passing from one stage 
to the next progresses in a predetermined and 

l5 controlled angular direction which does not 
vary for variation in load or speed. By pre 
determining the direction and controlling the 
same, as distinguished from the attempt to 
modify the tendency of a fluid particle to fol 

20 low a logarithmic spiral, uniform conditions 
of operation are obtained and maintained. 
It is a further object of the present inven 

tion to replace the annular diffuser with its 
metal core across which the fluid particles 

25 must pass, with a coreless channel in which 
there is a solid or undivided stream of fluid. 
Instead therefore of having a stationary core 
adjacent which the fluid particles are sub 
stantially at rest, there is provided a mov 

30 ing core in which the fluid particles have a 
maximum velocity. There is thus completely 
eliminated the surface friction due to such 
an inner core as necessarily exists in a multi 
stage turbo compressor of the conventional 35 type. 

It is a further object of the present inven 
tion to provide a multi-stage apparatus which 
avoids entirely sharp bends in the direction of 
travel of the fluid flow. To attain this ob 

40 ject I preferably discharge the fluid from 
the impeller of any stage into a diffuser which 
discharges into a volute or snail shell increas 
ing or progressing in cross sectional area in 
a direction circumferentially of the impeller. 

45 Since the volume of fluid is continuously in 
creasing around the periphery of the impel 
ler, starting from any assumed point, the far 
ther one goes from such point in a direction 
circumferentially of the impeller, the greater 

50 is the volume in the direction of motion. The 
increase in cross sectional area of the dis 
charge volute preferably increases in accord 
ance with a substantially uniform law and in 
accordance with the increase in the volume of 

55 the fluid which it must handle, each portion 
of the volute handling a proportionate part of 
the charge as received from the impeller. 
This discharge volute in turn delivers its 
fluid volume through definite transfer means 

69 into an inlet volute of successively decreasing 
cross sectional area, which commences to con 
verge after the point of discharge into the 
inlet of the next succeeding impeller is at 
tained. As the volute progresses circumfer 

60 entially, the need for additional area disap 
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pears because of fluid admission into theim 
peller, and the volute therefore converges 
preferably in exactly the proportion that the 
fluid is delivered into the inlet of the succeed 
ing stage, thereby being effective for propor 
tionately dividing the fluid in accordance 
with its circumferential progression. 
Such a discharge volute and inlet volute 

are provided for each stage of the machine. 
Where it is desirable to have such volutes lie 
in substantially the parallel planes in which 
the respective impellers rotate, and since 
the impellers themselves are necessarily aX 
ially offset, it is necessary to make provision 
for transferring the collected fluid from the 
region of maximum cross sectional area of 
the discharge volute into the region of 
maximum cross sectional area of the inlet 
volute. This transfer in accordance with 
the present invention, and as before pointed 
out, is preferably of such characteristics as to 
afford a solid or undivided stream which is 
attained by progressively moving all of the 
fluid toward a common point in the dis 
charge volute, collecting the fluid at such 
point, and then transferring the collected 
fluid from such point, to the inlet of a suc 
ceeding stage by causing it to travel through 
a passage having only a fluid core and defin 
ing a path progressing simultaneously in 
a predetermined and controlled axial and cir 
cumferential direction. In this respect there 
is a radical distinction from the annular 
distributed condition of discharge and de 
livery in a plurality of divided streams such 
as occurs in the usual type of apparatus. In 
accordance with the present invention the 
transfer Zone may extend over any desired 
number of degrees either more or less than 
a complete circle, but is preferably only of 
such length as required to effect the desired 
axial advancement without abrupt changes 
in the direction of fluid flow, and may be 
complete in a comparatively few degrees. 

In the following detail description the 
form of the volute disclosed is one in which 
the polar vector increases, i. e., one in which 
the increase in area takes place in the direc 
tion of the radius of the impeller. It will is 
be understood, however, that it might be one 
in which the result is accomplished by widen 
ing the volute in a direction substantially 
parallel to the impeller shaft. It will be 
understood therefore that the term volute 
as hereinafter used in the specification and 
claims is used in a generic Sense in accordance 
with its functional characteristics, and not 
in the limited sense as defining any particu 
lar type or configuration. 

In the accompanying drawings there is 
illustrated a single housing for a multi-stage, 
turbo compressor embodying the features of 
the present invention. In the drawings: 

Figure 1 is a perspective view of a housing 

5 

80 

9. 

130 



the line V. VI of Figure 4; 

ing the relationship an 
figuration of the various 

20 

figure t - . . . . - - - - 

of the air, it being understood that 
.95 machine hereinafter more particularly de 

scribed there is a single axis of rotation for 
all of the impellers. The arrows Brepresent, 
what has been before referred to as a con 
trolled axial and circumferential progression 
such as characterizes the flow through the 
transfer zones. The 
cumferential progre 

5. Figure 7 is a transverse sectional 
the line VII-VI of Figure 4; and 

stood, however, that the drawings are for 
25 purposes of illustration only and that the 

utility of the invention is not limited to the 
number of stages provided in a single hous 
ing where the housing is of such struc to give the advantageous features of opera 
In Figure 8, it is to be un 

embodying the present invention a 
sessing the characteristics referred to; ..., 

Figure2 is a view similar to Figure 1 show 
ing in greater detail the location and 
rangement of the transfer Zones; 

... is : . . . . . . . . fi''' is ... . . . -- a--. showing two halves of a single housing; 
Figure 4 is a vertical sectional view. 

... throu 
0. w . . Figure 5 is a transverse sectional vi 
of division of the sections in Figure 3; 
the line VV of Figure 4: . . . . . . 

Figure 6 is a transverse sectional vie 

Figure 8 is a diagrammatic view indica 
dicharacteristic con: 

fer zones as embodied in the preced 

pressor having three stages. It will be unde 

of such structure 

tion herein set forth, d 
is entirely diagrammatic. In this 

EY". - - - - - a' . . e arrows. A represent axis of rotation 

rrows C represent cir 

a commercial structure, but merely the se 
quence of structural features insofar as they 

5. 

55 

60. 

are successively effective for producing the 
results desired. Thus, while in actual prac 
tice an inlet volute by means of which air is 
delivered to an impeller necessarily extends 
around the axis of rotation of the impeller for progressively delivering air thereto, the 
relationship is indicated in the diagram as a 

Having reference first to Figure 8 of the 

Figure 3 is an exploded or opened view circumferenti ' ' . " . . . . v . . . . . . . -- This inlet volute is shown as extending 
fluid 
first st . . . .'s it on this time that the construction of impellers 

' perse constitutes no part of the present inven 
tion. They are therefore only diagrammat 

gh a housing at right angles to the plane 

The first stage impeller 5 in turn delivers . . . . . . . . . . 
its fluid at an increased pressure and high . . . . . . . 

olutes, and trans- - a . . . . . . ' ' . . . . . . . . " --- a of the fluid from the impeller 5 toward a 85 

and delivers the previously collected flu 
into the inlet of an inlet volute 10 communi 

collecting and progressively moving the fluid 
point may likewise be considered as being the 
commencement of a second transfer zone 17 
having. . 

ering all of the collected fluid from the first 

volute 10 for the second stage. , 
'i gression and indicate the 

direction of airflow in the respective volutes. Beyond the relationship that may, thus be 
45 established, the diagrammatic showing does. 

not represent relative relationship of parts in 

proportionately divides the fluid in accord 

impeller 20. 
impellers: 5 an 
through a diffuser 21 into a discharge volute 
22, which is again similar to the discharge 

pressure a 

defined as an ap 
pressure of fluids which comprises . . . 
:ity of pressure producing stages in a single 
housing with an inlet volute for each stage 
and an outlet volute for each stage in said 
housing, with the respective outlet volute for 130 

drawings in which the structure is diagram 
matically illustrated, there is shown an inlet ... 
connection 2 which communicates with an 
inlet volute 3 effective for proportionately 
dividing the fluid flow in accordance with its 70 

3 circumferential progression in such volute. 
through substantially 360° for delivering. 

o the eye 4 (Figures 3 and 4) of the 
age impeller 5. It is to be observed at 75 

cally illustrated in the drawings. 

velocity through a diffuser 6 into a discharge 
volute 7. This discharge volute is effective for progressively collecting and moving all 

mon point 8 representing the commence-, . 
of a transfer zone 9, which has a con 

oiled circumferential and axial pro 

cating with the eye 11 of the second stage 
impeller 12. This impeller, similarly to the . 
first stage impeller 5, discharges its fluid 
through a diffuser 14 into a discharge volute 
15, similar in all respects to the discharge. 95. . 

erstood that the volute 7 for the first stage and effective for 
toward a common point. 16. This common 

progression as the transfer zone 9, and deliv 

and second stages into an inlet volute 18 
likewise similar in all respects i to the inlet 
This inlet volute due to its decreasing cross . . . 

sectional area circumferentially of the casing, 
ance with its circumferential progression and 
delivers it into the eye, 19 of the third stage hisipelier, similarly to R. 

12 discharges the fluid 
I1.5 

volutes 7 and 15 before described, and in 
creases in cross sectional area as the need for 
additional area, due to increasing volume of 
fluid discharged, exists. The discharge vo 
lute 22 communicates with an outlet connec-120 

straightline sequence. The same is true with tion 23 by means of which the fluid at its then. 
respect to the discharge volutes which, in 
actual practice, extend around the impeller. 
axis but are diagrammatically illustrated for 

0 purposes of a clearer understanding as actu. 
ally following animpeller. This explanation 
is made to prevent misunderstanding in the 
further consideration of this particular fig 

... . e. ... . . . . . . . . . . . . . . . . . . . . 

and Velocity may be delivered to any 
desired point of use. . . . . . . . . 

... 8 ' '.' . . . . implest form may be . . . 
increasing the 125 

Sa plural 
The invention in its si 

paratus fo 
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hect, the outlet of the discharge volute of one 
stage to the inlet of the inlet volute of the 

25 

30 

35 

40 

45 

50 
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one stage and inlet volute for a succeeding 
stage connected by a transfer zone. This 
transfer zone may obviously be of constant 
cross Sectional area throughout its length for 
maintaining substantially the same velocity 
as that ai, which the fluid is received by it, or 
may be of either decreasing or increasing 
cross sectional area in the direction of flow 
for increasing or decreasing the velocity of 
the fluid as it, travels therethrough. Since its 
mechanical function, however, is purely one 
of effecting trainsfer within the confines of a 
single housing and therefore in the Smallest, 
space possible, it may conveniently be of 
constant cross sectional area as herein illus 
trated. 
As will be apparent more particularly 

from Figure 2 of the drawings, each such 
transfer zone extends through a circumfer 
ential distance of approximately 45°, the 
axial progression being as required to con 

succeeding stage. I have found that a trans 
fer zone of this length may effect the desired 
transfer of fluid without, any abrupt changes 
in the direction of fluid flow and without 
completely reversing the direction of flow as 
is characteristic of the transfer annuli of 
in ulti-stage turbo compressors of the usual 
type in which the flow passage is outwardly 
from one stage and then at right angles in 
the direction axially of the housing and then 
inwardly to the iniet of the succeeding stage. 
Each transfer zone in accordance with the 
present invention therefore, may be consid 
ered as a continuation of both a discharge 
volute and an inlet volute which provides a 
controlled flow path of fixed circumferential 
and axial progression for a solid or undivid 
ed fluid stream, and located within the physi 
cal confines of the outside dimensions of the 
housing itself. 
Since the fillid in passing through such a 

transfer Zone is in a solid stream, it is not 
subjected to the surface friction losses char 
acteristic of a divided streaja of the char 
acter provided by a series of eddy current 
producing direction changing and vortex 
preventing veins. Also, since the solid stream 
has a moving core as distinguished from a 
stationary metallic core of the type usually 
provided in a multi-stage turbo compressor, 
the surface friction losses are only those 
occasioned by the outside confining surfaces 
or envelope. These surfaces are of material 
ly less extent, as will be readily apparent to 
those skilled in the art, than the correspond 
ing outer Surfaces of an annulus as heretofore 
provided and extending completely around 
the housing at substantially its point of 
maximum diameter. - - 

It will also be apparent that the flow 
through the transfer zones is always in a 

any VOrtex action. 
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path predetermined by the zones themselves 
and not influenced or changed by variations 
in the load on the apparatus. The transfer 
zones always receive fluid from a discharge 
volute travelling in a circumferential direc 
tion and deliver it to an inlet, volute in a cir 
cumferential direction. Since they always 
receive fluid travelling in the same direction, 
they differ from guide vanes which receive 
fluid tending naturally to travel in a 
Jogarithmic spiral varying with the charac 
teristic operation of the machine, and which 
tend to change this spiral into an arbitrary 
path determined by the vane structure. The 
transfer Zones thus operate with a minimum 
eddy motion and with a minimum shock loss 
and may be designed to most effectively mini 
nize these losses for any condition of opera 
tion of the apparatus. . . . w 
While I have herein shown a structure in 

which the fluid at increased pressure passes 
directly from an outlet volute into an inlet 
Yolute, it will be apparent that if desired, the 
housing may be provided with suitable con 
nections to the transfer zones whereby the 
fluid may be conducted to an extraneous piece 
of apparatus effective thereon intermediate 
the stages. In some cases such an operation 
is desirable, and I wish it to be understood 
that the present invention lends itself thereto. 

For purposes of simplicity, the invention 
is shown as comprising a housing of non 
cooled type. The problems of cooling com 
preSSO's, however, are well recognized, and 
to those skilled in the art it will be obvious that the present casing may be provided with 
cooling means at the will of the designer, 
such cooling means, however, not constitut 
ing any part of the present invention. 
I have also defined the construction as &- 

ing one which may be completely devoid of 
Vanes of any nature whatsoever. It is to be 
understood, however, that many designers arbitrarily provide short vanes as indicated 
at 24, Figure 4, for inlet purposes adjacent 
the eye of an impeller. The present inven. 
tion, while not requiring such vanes, may be 
utilized in connection there with, the vines always receiving fluid at a predetermined and 
constant angle so that they may be designed 
With this thought in mind. Where the vanes 
are eliminated, the inlet volute wall may be 
continued inwardly toward the shaft until 
the Surface thus provided by it would stop 
The structure described is one in which the 

respective discharge volutes and inlet volutes 
are substantially parallel to the plane of the 
impellers. It has been pointed out, hoy rever, 
that each transfer zone, which effects the 
Xia and circumferential progression of the 

fluid stream is a continuation of both a dis 
charge volute and an inlet volute. This will make it readily apparent to those skilled in the 
art that the parallel relationship is not a lim 
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itation with respect to the present invention such additional cross ectional area as to en 
but merely one form which it may assume. 
To those skilled in the art, it will be apparent that the volutes need only be effective for 
carrying out their respective functions and to 
this end maybe structurally of a wide variety 
of different types and arrangements. Thus, 
instead of having the discharge volutes in the 
plane of the impellers, they may be construct 
ed to provide throughout their circumfer 
ence an axial progression of fluid. The same 
is true of the inlet volutes, thus making it poss. 
sible for the volutes themselves to constitute 

is not only collecting and 
...) but also transfer means. ment can be afforded by having the volutes 

themselves extend spirally of the housing whereby the point of terrination of a dis 

progression different from the axial and cir 
cumferential progression of the volutes them 
selves. In such case, however, there would 
be an effective transfer intermediate the vo 2 5 

lutes, which transfer, can be considered as a . transfer zone even though its exact point of 
80 ceptible of accurate definition. 

charge volute would correspond to the point. 
of inlet of an inlet volute, thus obviating the necessity of distinctively different transfer imp 
Zones having an axial and circumferential 

commencement and termination is not sus 
Reference has hereinbefore been made to the fact that in a multi-stage compressor of 

the centrifugal type it is desired to effect 

40 

... energy in the form of velocity, and if this ve 
locity is subsequently destroyed, in a substan 

50 

ing: the discharge volutes, for example, so . 
that they are effective for collecting from the 
flat diffusers 6, 14 and 21 fluid as delivered 

65 thereby, but also by making provision for 

pressure, and not velocity, conditions. It 
will also be apparent from the foregoing de 
Scription that I have provided a structure in 
cluding discharge volutes and inlet volutes 
which are effective for handling the fluid as . 
received from an impeller and as delivered to an impeller respectively. In the ordinary. 
rotary impeller operation, energy is commu 
nicated to the air by the acceleration there 
of. In other words, the air in passing: 
through the impeller is caused to actually ro 
tate therein. This rotation communicates. 

tially frictionless process, for example, the 
energy will re-appear as static pressure. In 
other words, energy is convertible into pres 
sure and vice versa. It is apparent that a 
multi-stage apparatus of the character here 
in provided is designed for the purpose of ob 

55 taining a greater total pressure at the outlet 
any individual impeller. This increase in . 
pressure is a function of the design of the vo 
than he pressure which could be produced by 

lutes which is such that velocity energy may 
be transformed intermediate the impeller 

60. stages into pressure energy, this transforma 
tion being obtainable by not only construct 

listributing means, 
Such an arrange 

able any desired energy transformation to oc 
cur. In this manner there is built up in the fluid passing through the apparatus a grad 
ually increasing static pressure which is 70. 

ilable at the outlet. In any case, such a 
transformation from velocity into statie. 
pressure is necessarily effected by the flat dif 
fusers 6, 14 and 21 due to their increasing di 
ameters. . . . . ...' . . . . . . . . . . . . . . . . 

It has been pointed out that the volutes ... 
and the transfer zones may have such attri 
butes, or that they may be constructed for ac tually maintaining velocity. It will be un- . . . 
derstood, however, that as a matter of actual 80 
practice, since pressure and not ; velocity is 
the condition required, the constructional 
characteristics will be such as to insure an in . . . crease in static pressure at the expense of ve: 
locity during the travel of the fluid from one 85 . . . 
mpeller to the next. . . . . . . . . . . . 

... The advantages of the invention will be apparent from the foregoing specification 
and statement of objects taken in connection with the drawings forming a part hereof. 90 
While I have illustrated and described a 

preferred embodiment, it will be understood 
that the utility of the invention is not limited to the particular configuration or design dis 
closed and described, since the invention con 
templates characteristic differences of opera tion which are not dependent on specific ... 
structural limitations. . . . . . . 

1. A device for increasing the pressure of 100 
fluids comprising initial, intermediate and 
final stages, each including an impeller cham 
ber having an impeller therein, a discharge 
volute and an inlet volute for each of said 
intermediate stages, and a connection between 0. 

, the discharge volute of one of said intermedi- . . . 
ate stages and the inlet volute of the succeed 
ing stage, successive cross sections taken 
along said volutes, and connections having 
substantially the same shape, the dimensions 0. 
thereof changing only slightly from one sec. . . . 
tion to the next, and the center ine of the 
path defined by the volutes and the connection . . changing its direction only gradually. 2.A. device for increasing the pressure of . . . . . . 
fluids comprising a plurality of stages in 
cluding at least an initial and a final stage, 
each having an impeller chamber with an im 
peller therein, at least one stage having a 
discharge volute and the succeeding stage 
having an inlet volute, and a connection be 
tween said volutes adjacent their portions 
of maximum radius, successive cross sections of said volutes and connection having sub 
stantially the same shape, the dimensions i 2 5 
thereof changing only slightly between sec. . . . 
tions and the center line thereof changing . . . 
ts direction only gradually, defining a fluid . . . . 
path characterized by substantially similar . . . . . . 
contour throughout, and by the absence of 80 
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sharp turns and abrupt changes of cross Sec 
tional area, thus conforming to the line of 
fluid flow accompanied by minimum loss. 

3. A device for increasing the pressure of 
fluids comprising a plurality of stages, each 
having an impeller chamber and an impeller 
therein, inlet and discharge volutes commu 
nicating with said impeller chambers, diffus 
ers between the impeller chambers and the 
discharge volutes, and connections between 
the discharge volute of one stage and the in 
let volute of the succeeding stage, successive. 
cross-sections of said volutes and connections 
taken along the line of fluid flow having sim 
ilar shapes, and differing only slightly in di 
mensions, the center ines of the volutes and 
connection changing direction only gradual 
ly, defining a fluid path characterized by low 
losses. 

1,917,029 

4. A device for increasing the pressure of 
fluids comprising a plurality of impeller 
chambers each having an impeller therein, a 
discharge volute communicating with one 
of said chambers, an inlet volute communicat 0 
ing with the chamber of the succeeding stage, 
and a connection between said volutes, said 
volutes and connection being characterized 
throughout their length by a similar cross 
sectional contour and dimensions which 
change only gradually between successive 75 
transverse sections through the fluid path, 
the center line of the fluid path changing its 
direction only gradually. 

In testimony whereof have hereunto set 
iny hand. 

PAUL E. GOOD. 
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