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VANE UNIT FOR SPRAY NOZZLES
Fred W. Wahlin, St. Charles, Il., assignor to Spraying
Systems Co., a corperation of Iliineis
Filed May 17, 1962, Ser. No. 195,550
8 Claims. (Cl. 239—488)

This invention relates to vane units of the kind em-
ployed in solid cone spray nozzles to produce swirling
movement and turbulence in the liquid as it advances
toward the discharge orifice of the nozzle.

A vane unit of the general kind to which the present in-
vention relates is shown in my prior Patent No. 2,305,210,
patented December 15, 1942, and such vane units have
been employed with great success in mozzles of varying
sizes and designs. In use such a vane unit is located in
a fixed position in the internal chamber of a spray nozzle
with the longitudinal axis of the vane unit coinciding with
the central axis of the nozzle orifice, and in order to as-
sure uniformity of whirling motion and uniformity of
turbulence in the water or other liquid as it passes from
the vane unit to the nozzle orifice, it is necessary that the
various vane surfaces be accurately formed and related
to each other, It has long been recognized that excessive
and objectionable costs were involved in producing and
handling such vane units, in intially mounting the vane
units in the nozzles, and thereafter in removing and re-
placing the vane units for cleaning or other purposes, and
with particular relation to cost of manufacture of the vane
units, one of the most important factors has been the care
required in attaining uniformity and accuracy of form and
relationship in the various surfaces of the vane unit.

In view of the foregoing it is the primary object of the
present invention to provide a new and improved vane
unit of the aforesaid character that may be handled and
mounted in a simple and convenient manner, and which,
by reason of its novel characteristics of shape and form,
may be produced with greater accuracy and at a less cost
than prior vane units of this general kind.

More specifically it is an object of this invention to pro-
vide a simple and effective method for producing vane
units of the aforesaid character, and objects related to the
foregoing are to enable all of the critical liquid-directing
surfaces of such vane units to be formed and finished
while the work piece remains in its original relation to a
work holder; to enable the vane units to be made from
continuous and relatively long lengths of rod stock; to
provide such a rod with preformed locating surfaces for
axially locating and advancing such rod stock; and to
provide these locating surfaces in a form and relation such
that portions of the locating surfaces function in impart-
ing certain desirable characteristics of form in the com-
pleted vane units.

Other and further objects of the present invention will
be apparent from the following description and claims,
and are illustrated in the accompanying drawings, which,
by way of illustration, show a preferred embodiment of
the present invention and the principles thereof, and what
is now considered to be the best mode in which to apply
these principles. Other embodiments of the invention em-
bodying the same or equivalent principles may be used
and structural changes may be made as desired by those
skilled in the art without departing from the invention.

In the drawings:

FIG. 1 is a vertical sectional view of a spray nozzle
utilizing the vane unit of the present invention;

FIG. 2 is a side elevational view showing the vane unit;

FIG. 2A is a view similar to FIG. 2 and showing a
different embodiment of the vane unit;

FIG. 3 is a side elevauonal view taken from the line
3—3 of FIG. 2;
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FIG. 4 is a bottom plan view of the structure shown in
FIG. 2; -

FIG. 5 is a top plan view of the structure shown in
FIG. 3;

FIGS. 6, 7 and 8 are views showing the successive steps
that are utilized in making the vane unit of FIG. 2;

FIG. 9 is a cross sectional view taken substantially
along the line 9—9 of FIG. 8;

FIG. 10 is a schematic vert1ca1 elevation showing the
milling machine setup utilized in making the vane unit;

FIG. 11 is a plan view of the structure shown in FIG.
19; and

FIG. 12 is an enlarged schematic portion of FIG. 10
illustrating further details of the method of making the
vane unit.

For purposes of disclosure the invention is herein il-
lustrated as embodied in a vane unit 21 that is adapted for
use in a full cone spray nozzle such as the nozzle 22 shown
in FIG. 1. The nozzle 22 is but one of many specific forms
of nozzle in which the vane unit 21 may be used, and the
nozzle 22 as herein shown comprises a main body 23 with
a sleeve-like connecting body 24 threaded on its lower end.
The main body 23 has central passage 25 tapered at its
upper end at 26 to a smaller diameter discharge orifice
27 that is of cylindrical form. The orifice 27, the passage
25 and the intermediate tapered portion 26 are centered
on a common axis 28, and within the lower end portion of
the passage 25, the vane unit 21 is mounted in a fixed
position with its longitudinal axis coinciding with the
axis 28. The function of the vane unit 21 is to impart
swirling movement to water or other liquid passing through
the vane unit 21 toward the orifice 27 while at the same
time imparting turbulence to the liquid so that the liquid
will be discharged from the orifice 27 as a solid or full
cone spray rather than as a hollow cone spray. Actually
the resulting spray is modified in the nozzle shown herein,
and in my aforesaid patent, so that as the liquid discharges
from the orifice it assumes a non-circular spray pattern,
but this is independent of the present invention, and so far
as the. present invention may be concerned the ultimate
spray pattern may be square or round as may be desired.
Such modifications of the spray pattern are attained by
known means such as the end grooves 23G which produce
a square spray pattern.

The vane unit 21 is shown at an enlarged scale and in
considerable detail in FIGS. 2 to 5, and considered in
general, has the parts or elements thereof defined in part
by a number of the surfaces that fall in or constitute
parts of a cylindrical surface so that the vane unit 21
has a longitudinal cenier line 31 indicated in FIGS. 2
and 3, and in end elevation has a cylindrical or circular
outline as will be evident in FIGS. 4 and 5. This gen-
eral form enables the vane unit 21 to be inserted endwise
and with a sliding fit or a firm frictional fit, as desired,
into the central passage 25 of a .nozzle as shown in
FIG. 1, with the longitudinal centerline 31 of the vane
unit coinciding with the axis 28 of the nozzle.

Within the confines of this overall cylindrical boundary,
the vane unit 21 has a pair of oppositely sloping vanes
35A and 35B which, in end elevation, appear to be semi-
circular as shown in FIGS. 4 and 5, and which are dis-
posed on opposite sides of a center plane 36 that has
been indicated in FIG. 5. This center plane 36 of course
passes through the axis 31, and the vanes 35A and 35B
are integrally joined at their midpoints .and are precise
duplicates except that they are reversed as to slope and
as to some other physical features as will hereinafter be-
come apparent. Because of this duplication, the parts of
the vane unit 21 on opposite sides of the center plane
36 will be identified by the same reference characters
with the suffix “A” or “B” added, and reference will be
made to side A or side B of the unit as these portions
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or sides are disposed on opposite sides of the plane 36,
as indicated in FIGS. 3, 4 and 5 of the drawings. The
adjacent lower sides of the vanes 35A and 35B, below
their connected midportions, are joined by a wall-like tab
38 through which the center plane 36 passes so that the
parts of the tab 38 lie on both sides of the plane 36,
and this tab 38 projects substantially below the lower
portions of the vanes 35A and 35B and has a special
tapered form that facilitates handling, mounting and dis-
mounting of the vane unit 21 as will be described.

The vanes 35A and 35B are disposed at identical angles
to the axis 31, and this angle is preferably aboui 54° as
indicated in FIG. 2, and in the following description, the
various surfaces of the vane 35A will be described spe-
cifically and corresponding surfaces of the vane 35B will
be identified in each instance by the same reference char-
acter with the suffix B instead of the suffix A.

The vane 35A has flat or planar top and bottom sur-
faces 41A and 42A that are parallel and disposed at the
aforesaid angle with respect to the axis 31 and which are
perpendicular to the central plane .36. The outermost
edges of the top and bottom surfaces 41A and 42A are
connected primarily by a curved surface 43A that forms
part of a cylindrical surface centered on the longitudinal
axis 31 of the vane unit 21; and at the central plane 36,
the middle portions of the vanes 35A and 35B are in-
tegrally joined in a diamond shaped area centered on a
locating point 44 in the plane 36 as shown in FIG. 2.
Below the aforesaid diamond shaped area the edges of
the vanes 35A and 35B adjacent the center plane 36 are
integrally connected to the tapered portions of the tab 38.

Above the aforesaid diamond shaped area the vane 35A
has a flat surface 45A that lies in the plane 36, such sur-
face 45A extending from the extreme end of the vane
35A for about half the distance to the aforesaid diamond
shaped area, and the lower edge of the surface 45A is
defined and terminated by a transverse groove 46A
formed in the vane 35A. The transverse groove 46A
extends parallel to the vane 35B, and is defined by a
flat bottom surface 146A that is parallel to the surface
45A, a side surface 246A that constitutes a planar con-
tinuation of the surface 41B of the other vane 35B, and
an opposite planar side surface 346A that is parallel to
the surfaces 41B and 2468.

At the upper extremity of the vane 35A, where the
intersection of the surfaces 41A, 43A and 45A, would
otherwise form an extremely sharp corner, the vane 35A
has a rounded surface 47A, and as will become apparent
this surface 47A, and the corresponding rounded surface
47B on the vane 35B, are parts of a common surface of
revolution centered on the longitudinal axis 31 of the vane
unit 21. Similarly, in the vane unit 21 shown in FIGS.
2 to 3, the lowermost portions of the vanes 35A and 35B
have rounded surfaces 48A and 48B formed thereon.
Here again, the surfaces 48A and 48B constitute parts of
a common surface of revolution centered on the axis 31.
It should be noted at this point, however, that in the
smaller sizes of vane units, where it is desirable to have
the longitudinal extent of the tab 38 relatively large in
relation to the diameter of the vane unit, the rounded
surfaces 48A and 48B are not provided at the lower ends
of the vanes 35A and 35B as will be explained. Such a
smaller vane unit 521 is shown in FIG. 2A at a small
scale but comparison of FIGS. 2 and 2A shows that the
unit 521 has a relatively long tab 538 as compared with
the tab 38 of FIG. 2. Such a longer tab 538 may be
provided readily under the present method of production
of the vane units, as will become apparent.

The downwardly projecting tab 38 is defined by a series
of intersecting surfaces some of which are planar and
others of which constitute portions of conical surfaces.
Thus, the tab 38, when viewed in elevation as shown in
FIG. 2, tapers downwardly to a point located on the
longitudinal axis 31 of the vane unit 21, and this tapered
form is defined by a pair of planar surfaces 38A and
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38B. The surface 38A is parallel to the surfaces 41A -
and 42A, while the surface 38B is parallel to the surfaces
41B and 42B.

The opposite sides of the tab 38 are defined by parts
of conical surfaces that are identical but oppositely
related. Thus the side of the tab 38 that is located below
the vane 35A is defined by such a surface 138A, while
the side of the tab 38 that is located below the vane 35B
is provided by such a surface 138B. The surface 138B
intersects the surface 42B with an included angle of ap-
proximately 87°, as will be evident in FIG. 9, and to
facilitate description, this intersection is defined in FIG. 3
as a curved line 5B while the intersection of the conical
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a curved edge or line 51B .as indicated in FIG. 3. Fur:
ther, the conical surface 138B intersects the surface 41A,
asa stra;ght line 52B, and at the edge of the surface 138B
that is defined by the line 52B, the arcuate line 50B
intersects the surface 41A at substantially the center plane
36. The arcuate line 50B, as it extends across the tab 38;
diverges from the plane 36 as will be evident in FIGS.
3 and 4, and since the lines 50A and 50B diverge in
opposite directions from the plane 36, as will be evident
in FIG. 4, the tab 38 has substantial thickness in the areas
where it is connected to the vanes 35A and 35B. This
thickness is represented by the distance between dotted
lines 50A and 50B in FIG. 4, and it will be noted that
this thickness is less in the center portions of the tab 38
than at the edges thereof.

In contrast to the reduced thickness of the upper
central portions of the tab 38, it will be observed in
FIGS. 3 and 4 that the lower portions of the tab 38
become progressively thicker toward the lower central
portions of the tab. This results from the use of an
angle that is less than 90° between the surfaces 42B and. -
1338B, and between the surfaces 42A and 138A.

The vane unit 21, as thus described, and as shown
in FIGS. 1 to 5, may be produced rapidly, acourately
and .economically according to the present invention by
a noval and advantagecus method in which the individual
vane units 21 are cut one by one from rod stock such
as the elongated rod 91 shown in FIGS. 6 to 8 and 11.
The rod 91 has a diameter corresponding to the diameter
of the surfaces 43A and 43B, and may be of relatively
long lemgth so that a large mumber of vane units 21
may be produced therefrom. The rod $1 has a plurallty
of annular grooves 92 formied thereabout at spaced in-
tervals longitudinally of the rod, and these igrooves have
sloping side walls 147 and 148 and a cylindrical bot-
tom wall 92C. The sloping walls 147 and 148 of ad-
]acent grooves: 92 are spaced apart in such a distance
that in a finished vane unit 21, parts of the walls or sur-
faces 147 and 148 may provide the surfaces 47 and 48
of the finished vane units 21. ‘The width of the bottom
wall 92C of the groove 92 is then made such that the
spacing of the grooves 92 constitutes a measure of the -
length of rod 91 required to produce one vane unit 21.
The grooves 92 may thus serve as locating means in ad-
vancing the rod 91 and holding the same in the desired
longitndinal position during the forming or machining
operations, as will be described. .

The units 21 are produced by a series of milling opera--
tions that may be accomplished with a milling machine
set-up of the kind shown in FIGS. 10 to 12 of the draw-
ings. Thus, a pair of laterally spaced horizontal spin-
dies 95 and 96 extend in parallel relation over and in
perpendicular relation to the path of reciprocation of
a work-supporting table 97; and on the table 97 amn in-
dexing fixture 98 having a through-chuck 99 and longitu-
dinal positioning fingers 108. The axis of the chuck
99 is disposed in a thorizontal plane and at an .angle
to the axes «of the spindles 95 and 96 which is equal to -
the slope angle of the vanes 35 and 36. _

The- fixture 98 and the chuck 99 support the rod 91
so that in reciprocation of the table 97, the horizontal
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axis of the rod 91 moves in a horizontal plane 181 that
is indicated in FIG. 10, and it will be noted that the
spindles 95 and 96 are located at different distances above
the plane 181 so that milling cutters of different diameters
on the respective spindles may cooperate with the rod
91 in cutting and forming the same into vane units 21.

The spindle 95 carries filling cutters 163 and 104 of
conventional construction that are of different diameters
and which are spaced axially as will be explained. Thus
the cutter 163 is intended primarily to form the conical
surface 138 and the related lower vane surface 42, and
accordingly, the cutter 183 has a side surface S42 that
is remote from location of the fixture 98, as shown in
FIG. 11, and this side surface S42 intersects with an
outer conical surface S138 of the cutter at an included
angle of 87°. The width of the conical face 5138 of
the cutter 163 is somewhat wider than required to form
the surface 138 on the unit 21, and the opposite side
of the cutter 163 is defined by a face S$98.

The cutter 183 thas a diameter that is determined in
part by the diameter of the vane munit 21 and in pant
by the form and thickness to be given to the tab 38, and
in the present instance, where the diameter of the vane
unit 21 is to be 179 inch, the diameter of the cutter
163 is about three inches. This same general cuiter
diameter may be emplcyed with other sizes of vane unit,
but it should be noted that its relationship to the plane
181 must in such an instance be somewhat different as
will be explained.

As herein shown the upward spacing of the spindle
95 is such that at the lower edge of the cutter 183 the
corner defined by the intersection of the sunfaces S$42
and S138 is located just slightly below the plane 181, and
the purpose of this relation will be explained hereinafter.

The cutter 164 is spaced dfrom the face S42 in an
amount equal to the distance between surfaces 41 and
42 of the vanes 35, and it has side surfaces S4IR and
S346R that are comnected by an outer cylindrical sur-
face S146R. The purpose of the cutter 164 is to form
the surface 41 and to rough-cut the groove 46 in the vane
unit 21, and as an incident to the foregoing, the cutter
184 also functions in the method of this invention to
form the surfaces 38A and 38B in succession as a com-
pleted vane unit 21 is severed from the end of the rod
61. The radius of the sunface S146R of the ocutter 184
is larger than the raduis of the cutter 183 in an amount
substantially equal to the final depth of the groove 46
that is to be rough milled by the cutter 104.

The spindle $6 has milling cuiters 185 and 106 se-
cured thereon in face to face relation, and the function
of these cutters is to finish mill the faces 45 and the
grooves 48 of the vane units 21. The cutter 185 has a
cylindrical outting face S45F, and the cutter 166 is of
slightly langer diameter and has side faces S346F and
S41F that are connected by an cuter cylindrical cutting
face S146F.

The radius of the cutter 165 is considerably smaller
than that of the ocutter 183, and the axis of the spindle
86 is therefore considerably lower than that of the spin-
dle 95. The actual position of the spindle 96 is such
that the lower portion of the surface S45F of the cutter
165 is in the plane 181, and the cutter 186 projects
further downwardly in an amount equal to the depth of
the groove 46 in the finished vane unit 21.

In FIGS. 6 to 8 a rod 91 is shown after completion
of certain of the forming operations of the present meth-
od, and the differences in form as between the several
views will now be described in relation to the method
steps whereby ithe changes in form are produced. Thus
in a broad sense, the rod 91 as shown in FIG. 6 has a
substantially completed vane unit 21F still rigidly and
integrally in place on its forward or left end, and this
vane unit 2iF is thus in condition to be severed from
the rod 91. As will become apparent hereinafter, such
severance of the vane unit 21F takes place as an incident
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to the initial or rough milling operations that are per-
formed in connection with the next vane unit to be pro-
duced. Thus, after completion of the vane unit 21F to
the form shown in FIG. 6, the rod 91 is advanced axially
in the chuck 9%, the rotative nelation of the rod 91
being meaintained so that the plane 36 of the vane unit
21F is maintained in the plane 191 indicated in FIG.
6. Such advancing of the rod 91 takes place while the
table is in a centered position with the extended end of
the rod 91 between and spaced from both sets of mill-
ing cutters as indicated by the dotted circle 91 in FIG. 10.

For descriptive purposes it will be assumed that when
the rod has been thus shifted, the side A of the rod 91
and the side A of the vane unit 21F are located above
the plane ‘101, and it will be noted that in FIGS. 6 to 8
of the sides A and B of the rod 91 have been indicated
so as to clearly show the rotative or indexed relation of
the rod 91. ‘

When the rod 93 has thus been advanced endwise to
its new position, it is related to the cutters 103 and 164
in the manner indicated diagrammatically in FIG. 6,
and by moving the table 97 to the left to the extent in-
dicated in FIG. 10 by the dotted circle 9IR, the portion
of the rod 91 adjacent the vane unit 21F is milled on its
side A to the form shown in FIG. 7. Thus, comparing
FIGS. 6 and 7, it will be clear that the cutters 203 and
184 have milled away portions of side A of the rod to
form the vane 35A of the next vane unit 21-1, FiG. 7;
to form the related conical surface 138A; and to par-
tially form the groove 46B for the vane 35B. In such
partial formation of the groove 46B for the vane 35B,
the bottom surface of the milled cut is defined as an
arcuate surface R146B which requires a finishing opera-
tion as will be described.

Further comparison of FIGS. 6 and 7 shows that the
cuiter 104 also acts to partially sever the unit 21F from
the rod 1. Thus the lower tab surface 38A is formed.

The extent of the milling operations by the cutters 103
and 104 is carefully controlled by limiting the extent
of right hand movement of the table 97; and this en-
ables the form and thickness of the tab 38 to be con-
trolled. Thus, with the cutters 103 and 164 are sized
and located as above described, and in the formation
of vane units of 1%, inch diameter, the right hand stroke
of the table 97 is terminated with the reference point
44-1, FIG. 7, at a distance D, FIG. 12 of 73 inch from
the vertical center plane of the spindle 95. This locates
the intersection of lines 56A -and 52A, FIG. 3, substan-
tially in the plane 36, with the line 50A and the conical
surface 138A diverging gradually from the plane 36 to
produce the desired form and thickness in the tab 38
that is to be formed on the unit 21-1.

When the foregoing milling step has been completed,
so that the unit 21~1 has the form shown in FIG, 7, the
rod 91 is indexed so that the side A thereof is in-the upper
position shown in FIG. 8. The table 97 is then moved
to the right, FIG. 10, through the limited stroke -described
so the vane 35B, FIG. 8, is formed. In this operation the
cutter 164 completes the cut-off operation, forming the
surface 38B on the tab 38 of the unit 21F and allowing
this completed vane unit to drop to suitable collecting
means. The surfaces 41B, 42B, 1388, 3GB, 346A, R45A
and RI46A -are also formed by the action of the cutters
103 and 104, and the unit 21-1 is ready for cooperation
with the cutters 185 and 106 to finish cut certain of the sur-
faces of the vanes 35A and 35B of the unit 21-1 of
FIG. 8 to the relation shown in the unit 21F of FIG. 6.

Thus, with the rod 91 remaining in the same longitudi-
nal and rotative position, the table 97 is operated through
a stroke to the left, FIG. 10, till the index point 44-1
of the rod has moved beyond the vertical center plane
of the spindle 96, and to a position such as that indicated
at 91F in FIG. 10. As this is done, the milling cutters
105 and 106, which have the relative positions shown
diagrammatically in FIG. 8, act to mill away the arcuate
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surfaces R45A and R146A, FIG. 8, and produce a flat
surface 45A located in the plane 101, and to produce
the bottom surface 146A of the groove 46A of the unit
21-1 in form shown in the unit 21F.

After the table 97 has been returned to its center posi-
tion, the rod 91 is indexed to locate the side A thereof
above the plane 101, while at the same time locating the

side B below the plane 161 in position to have the finish -

milling operations performed thereon by the cutters 105
and 106. The table 97 is then moved to the left through
a finish milling stroke as above described to similarly
finish the surfaces 45B and 346B. The unit 21-1 then
has the same form as that of the unit 21F of FIG. 6,
and the rod 91 may again be advanced longitudinally
to start the formation of a succeeding vane unit.

It will be recognized that any or all of the above de-
scribed milling operations may be repeated as required
to remove burrs or to attain the desired smoothness of
the milled surfaces of the finished vane units.

Where smaller vane units 521 are to be made, the
cutters 163 and 186 must be changed to conform with
the depth and width of the grooves 46, and to conform
with the distance required between the surfaces 42 and
90. In general, the vertical height of the spindles 95
and 96 is determined in the manner described herein-
above, but with respect to the spindle 95, the position is
selected so that the lowermost portion of the cutter 183
is located below plane 101 in an amount equal to about
one-sixth of the diameter of the unit 521 that is to be
made. Then, in the rough milling operations, the right
hand stroke of the table $7 is terminated when the dimen-
sion D, FIG. 12, is equal to about twice the diameter of
the unit 521 that is being made. This causes the conical
surface of the tab 538 to start substantially in the plane
36 and to diverge from this plane at a rate that insures
proper thickness in the tab 538 of the finished vane unit,

It has been pointed out that the'tab 538 of the unit
521 of FIG. 2A is relatively long, and this added length
is attained by proportionally increasing the spacing of
the locating grooves 92 of the rod 21 from which the
units are made. Thus in making the units 21, the grooves
92 are spaced a distance equal to 184; of the rod diameter,
while in making the units 521, this spacing is equal to
115 of the rod diameter. This relative increase appears
as added length in the tab 38 or 538. Care must be taken
of course to make sure that the cutter 103 has sufficient
width to mill the added width in the conical surfaces of
the tab 38 or 538; and in any case, the surfaces 41A and
41B are so related to the locating grooves 92 that the
surfaces 47A and 47B are formed at the upper ends of
the vanes as described. This results in portions of the
other side 148 of the groove 92 appearing in the edges
of the tab 538 adjacent to the angular lower edges of
the tab 538. ]

From the foregoing description it will be apparent that
the present invention simplifies and reduces the cost of
producing accurately formed vane units for spray nozzles,
and it will also be evident that the vane units produced
under this invention embody an integral tab whereby the
vane units may be easily handled in assembly and dis-
assembly of nozzles. More specifically it will be appar-
ent that accuracy and economy in the production of the
vane units is attained by reason of the performance of
all of the major forming operations while the unit is
maintained in the same relation to the work holder, and
further, that the successive formation of the vane units
from a length of rod stock enables simplicity in the man-
ufacturing operations while at the same time enabling
preformed positioning grooves on the rod to serve in
imparting certain desirable characteristics of form to the
completed vane units.

Thus while a preferred embodiment of the invention
has been illustrated herein, it is to be understood that
changes and variations may be made by those skilled in
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the art without departing from
appending claims. i

I claim: :

1. A vane unit of the character described comprising
a unitary body having upper and lower ends and said
body appearing. generally cylindrical in end elevation and
having a pair of vanes disposed on opposite sides of and
perpendicular to a predetermined axial plane and with
said vanes sloping equally in opposite directions at a
substantial acute angle with respect to the axis of said
body and being integrally joined in a diamond shaped
area that is located in said plane and is ceatered on said
axis, each of said vanes in the portions above said dia-
mond shaped area having a groove formed therein ad-
jacent and parallel to the other of the vanes, and a tab
joining said vanes below said diamond shaped area and
being of a thickness that increases toward the lower
portions of the tab.

2. A vane unit as defined in claim 1 wherein said tab
has its vertical central plane disposed at an angle to said
predetermined plane and said planes intersect in said axis
of said body.

3. A vane unit as defined in claim 1 wherein the in-
crease of thickness in said tab is defined by partial conical
surfaces on opposite sides of the tab.

4. A vane unit of the character described comprising
a unitary body having upper and lower ends and. said
body appearing generally cylindrical in end elevation and
having a pair of vanes disposed on opposite sides of and
perpendicular to a predetermined axial plane and with
said vanes sloping equally in opposite directions at a
substantial acute angle with respect to the axis of said
body and being integrally joined in a diamond shaped
area that is located in said plare and is centered on said
axis, each of said vanes in the portions above said dia-
mond shaped area, each of said vanes having flat parallel
top and bottom surfaces, and each of said vanes in the
portions above the diamond shaped area having a flat side
face disposed in said predetermined plane and said flat
face having a groove formed therein adjacent and parallel
to the other of the vanes with the side walls of each
groove parallel to the top surface of the other groove
and with the bottom surface of each groove parallel to
said side face of the vane in which the groove is formed;.
and a tab joining said vanes below said diamond shaped
area and being of a thickness that increases toward the
lower portions of the tab, said tab having its lower edges
defined by a pair of angularly related flat surfaces that
are parallel to the respective bottom surfaces of the
vanes.

5. A vane unit according to claim 4 wherein said in-
crease in thickness of the tab is defined by identical but
oppositely disposed partial conical surfaces on opposite
faces of the tab.

6. A vane unit of the character described comprising a
unitary body having upper and lower ends and said body
appearing generally cylindrical in end elevation and hav-
ing a pair of vanes disposed in opposite sides of and per-
pendicular to a predetermined axial plane and with said
vanes sloping equally in opposite directions at a sub-
stantial acute angle with respect to the axis of said body
and being integrally joined in a diamond shaped area that
is located in said plane and is centered on said axis, each
of said vanes in the portions above said diamond shaped
area, each of said vanes in the portions above the dia-
mond shaped area having a groove formed therein ad-
jacent and parallel to the other of the vanes, and a tab
joining said vanes below said diamond shaped area and
defined at its lower end by flat surfaces parallel to and
spaced from the lower surfaces of the respective vanes.

7. A vane unit as defined in claim 6 wherein said tab
has its vertical central plane disposed at an angle to said
predetermined plane and said planes intersect in said axis
of said body.

8. A vane unit as defined in claim 6 wherein the in-

the spirit and scope of the
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crease of thickness in said tab is defined by partial con-
ical surfaces on opposite sides of the tab.
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