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This invention relates to ducted propellers, fans, or 
the like; and more particularly to means for improving 
the efficiency of operation thereof. 
Whereas it is well known that for maximum efficiency 

a ducted propeller or fan or the like must operate with 
minimum blade tip clearance relative to its shroud, due 
to inequalities of manufacture and typical hazards of 
usage it has heretofore been requisite to provide an 
undesirably large gap between the blade tip path and the 
wall of the enclosing duct in order to insure against acci 
denial collision and/or undesirable frictional contact 
therebetween. 

It is an object of the present invention to provide an 
improved form of blade for propellers or fans or other 
rotor arrangements when used in ducted systems, whereby 
the blade may operate with safety substantially closer to 
the duct Wall, compared to prior ducted rotor arrange 
ments. 
Another object is to provide an improved device as 

aforesaid an improved rotor blade tip construction where 
by the blade tip path automatically adjusts relative to 
the duct wall to provide minimum clearance therebe 
tween. Another object is to provide an improved blade 
construction including a "floating' blade tip shoe which 
automatically moves into close-fitting relation with the 
enveloping duct, while at the same time frictional con 
tacts therebetween are precluded. 

Other objects and advantages of the invention will 
appear from the specification hereinafter and in the 
accompanying drawings, wherein: 

FIG. 1 is a fragmentary plan view of a rotor blade and 
an associated duct or cowling, embodying the features of 
the present invention; 

FiG. 2 is a fragmentary front edge view of the device 
in FIG. 1; 

FIG. 3 is an enlarged scale plan view corresponding 
to a portion of FiG. 1, but showing a modified arrange 
ment of the invention; 

F.G. 4 is a fragmentary front edge view of the device 
of FIG. 3; and 
FIG. 5 is an end view of the rotor blade tip arrange 

ment of FIGS. 3, 4. 
FIGS. 1-2 illustrate an embodiment of the invention 

in connection with a ducted rotor system including a 
cylindrical duct 10 within which is rotating a rotor blade 
designated generally at 12 and arranged to be driven as 
by means of a rotor shaft 14. The direction of rotation 
of the blade 12 is indicated by the arrow in FIG. 1. In 
accord with the present invention the blade tip and por 
tion is hollowed as indicated at 16 to receive in telescopic 
fitting relation therein a shoe i8 which is generally pro 
filed at its end face to complement the curvature of the 
cowling i8. In one form of the invention however, as 
shown in FIGS. 1-2, the end face 2 of the shoe 18 is 
curved adjacent its leading edge on a sharper radius than 
the curve of the cowling 10, so that the leading end por 
tion of the shoe is disposed further away from the cowl 
ing 10 than are the main body portions of the shoe. 
Thus, as the blade swings inside the cowling 19 a quan 
tity of air will be entrapped by the funnel-shaped opening 
formed between the leading end of the shoe 18 and the 
cowling 10, and is compressed into the form of an air 
film upon which the shoe rides as the blade rotates, in 
stead of sliding against the cowling 10. 

It will of course be understood that centrifugal forces, 
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due to rotation of the blade, will automatically bias the 
shoe 8 outwardly toward the cowling; but, as explained 
herein above, the film of air entrapped between the shoe 
and the cowling will preclude any actual contact there 
between. As shown in FIG. 2, the end face of the shoe 
18 at the leading edge thereof may be concave-shaped, as 
indicated at 22; to enhance the entrapment of air between 
the shoe and the cowling wall for the purpose explained 
hereinabove. 

FIGS. 3-5 illustrate a modified form of blade shoe 
arrangement wherein a tension spring as indicated at 25 
is provided to assist the film of entrapped air to maintain 
the shoe in minutely spaced relation from the cowl Sur 
face, against the action of centrifugal forces imposed 
upon tile shoe as the blade rotates. In addition, the 
spring acts to retract the shoe into the blade when the 
blade is not rotating. FiGS. 3-5 also illustrate other 
arrangements for mounting the shoe on the blade and 
for creating the desired air cushion between the cowling 
wall and the blade shoe. Thus, in this case the shoe is 
illustrated to be of open end form, and mounted and 
guided to float relative to the main blade structure by 
means of pins 28, 30 slidably fitting telescopically in open 
ings formed in the blade structure. 

In lieu of forming the leading edge of the blade shoe 
in funnel-like manner to entrap air as shown in FIGS. 
3-5, a ram air inlet opening 26 may be provided in the 
leading edge of the blade to extend inwardly therefrom 
and then into communication with a spanwise directed 
channel 32. The opening for the mounting pin 28 and 
the air inlet channel 32 may be coincident; for example, 
the mounting pin 28 may be hollowed to convey the ram 
air, or a totally separate opening may be employed as 
preferred. In any case the ram air is thus directed to 
flow into the interior of the shoe 18 by reason of the 
air ram and/or "centrifugal pumping' action, to form a 
cushion of compressed air between the shoe and the duct 
wall 10, thereby permitting the overall blade tip structure 
to follow a path of minimum clearance with the shroud 
as explained hereinabove. 
The blade tip extension or 'shoe' member is preferably 

formed of some lightweight material such as Teflon or 
some other suitable plastic material having a low coeffi 
cient of friction, because during periods when the pro 
peller is not running at full speed there may be temporary 
surface contacts between the shoe and the shroud. 

It will of course be appreciated that whereas only a 
few forms of the invention have been illustrated and 
described in detail by way of example herein, various 
changes may be made therein without departing from the 
spirit of the invention or the scope of the following claims. 

claim: 
1. A ducted fan assembly comprising, in combination, 
a cylindrical shroud, 
a fan blade rotatably mounted concentrically within 

said shroud and having an end portion terminating 
closely adjacent to but spaced from the inner surface 
of said shroud, 

said end portion of the blade having a recess therein 
opening toward said inner surface of the shroud, 

a shoe device slidably received in said recess for move 
ment beyond said end portion of the blade toward 
contact with the inner surface of said shroud under 
the influence of centrifugal force effected by rota 
tion of said blade, 

means for rotating said blade in a predetermined direc 
tion, 

said shoe having an arcuate outer end face of substan 
tially the same radius of curvature as the inner sur 
face of said shroud, 

and means for forming a cushion of air between said 
shoe and said inner surface of the shroud to maintain 
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said shoe out of contact with such inner Surface of 
the shroud, 

said means comprising a leading edge outer end face 
of said shoe which is of lesser radius of curvature 
than said inner surface of the shroud. 

2. A ducted fan assembly comprising, in combination, 
a cylindrical shroud, 
a fan blade rotatably mounted concentrically within 

said shroud and having an end portion terminating 
closely adjacent to but spaced from the inner surface 
of said shroud, 

said end portion of the blade having a recess therein 
opening toward said inner surface of the shroud, 

a shoe device slidably received in said recess for move 
ment beyond said end portion of the blade toward 
contact with the inner surface of said shroud under 
the influence of centrifugal force effected by rotation 
of said blade, 

means for rotating said blade, 
said shoe having an arcuate outer end face of substan 

tially the same radius of curvature as the inner Sur 
face of said shroud, 

means for forming a cushion of air between said shoe 
and said inner surface of the shroud to maintain 
said shoe out of contact with such inner Surface of 
the shroud, 

and means for mounting said shoe within said blade 
and resiliently resisting outward movement of said 
shoe. 

3. The assembly as defined in claim 2, wherein said 
shoe is hollow and provided with an opening at said 
outer end face thereof, 

said means for forming a cushion of air comprising 
duct means extending from the leading edge of said 
blade into the hollow interior of said shoe. 

4. The assembly as defined in claim 3, wherein said 
duct means includes a guide pin carried by said shoe aind 
extending radially inwardly therefrom into telescoping 
relation with said blade. 

5. A ducted fan assembly comprising, in combination, 
a cylindrical shroud, 
a fan blade rotatably mounted concentrically within 

said shroud and having an end portion terminating 
closely adjacent to but spaced from the inner sur 
face of said shroud, 

said end portion of the blade having a recess therein 
opening toward said inner surface of the shroud, 

a shoe device slidably received in said recess for move 
ment beyond said end portion of the blade toward 

20 

40 

4. 
contact with the inner surface of said shroud under 
the influence of centrifugal force effected by rota 
tion of said blade, 

means for rotating said blade, 
Said shoe having an arcuate outer end face of substan 

tially the same radius of curvature as the inner sur 
face of said shroud and being recessed inwardly 
from said outer end face to provide a pocket opposed 
to said inner face of the shroud, 

and duct means extending from the leading edge of 
Said blade to said pocket to build up a cushion of 
Superatmospheric air therein to maintain said shoe 
out of contact with the inner surface of said shroud. 

6. The assembly as defined in claim 5 wherein said 
duct means includes a hollow guide pin projecting 
Iadially inwardly from said shoe and telescopically, 
slidably received in said blade. 

7. A ducted fan assembly comprising, in combination, 
a cylindrical shroud, 
a fan blade rotatably mounted concentrically within 

Said shroud and having an end portion terminating 
closely adjacent to but spaced from the inner surface 
of said shroud, 

Said end portion of the blade having a recess therein 
opening toward said inner surface of the shroud, 

a shoe device slidably received in said recess for move 
ment beyond said end portion of the blade toward 
contact with the inner surface of said shroud under 
the influence of centrifugal force effected by rotation 
of said blade, 

means for rotating said blade so as to urge said shoe 
radially outwardly toward said inner surface of said 
shroud, 

and said shoe including means cooperative with said 
inner Surface of said shroud for building up and 
maintaining a cushioning film of air between said 
shoe and Such inner surface of the shroud. 
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