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Description

Priority.

[0001] This application claims benefit to Poertner US
Provisional Patent Application for Aerodynamically En-
hanced Appendage Coverings, Serial No: 63‑225,486,
which was filed on 24 July 2021, and Poertner US Provi-
sional Patent Application for Aerodynamically Enhanced
AppendageCoverings, Serial No: 63/231,416whichwas
filed on 10 August 2021.

I. Technical Field of the Invention:

[0002] The present invention relates to apparel items
and, in particular, appendage coverings, suchas foot and
arm coverings such as cloth socks.

II. Background of the Invention:

[0003] There currently exist two primary types of foot
coverings. A first type of foot covering is a sock or stock-
ing.Asockhasa foot portion that is placedover theuser’s
foot, and is disposed between the user’s skin and the
user’s shoe. The secondportionof a sock is the lower leg,
or ankle portion which extends upwardly, and covers the
lower part of the user’s leg and is disposed primarily
exteriorly of the user’s shoe. The length of leg that the
ankle portion covers varies depending upon the type of
sock, and may have an upper terminus that is disposed
below of the user’s ankle, ormay have an upper terminus
that, like leggingsor pantyhose, extendupwardly to cover
the user’s buttocks or anywhere therebetween.
[0004] A second type of non-shoe leg covering is a
shoe covering type sock. A shoe covering type leg cover-
ing is similar to a sock, except that the foot portion of the
leg covering sock is placed exteriorly over the shoe,
rather than interiorly of the shoe as is a conventional
sock. These shoe covering type socks are especially
prized by persons who are engaged in cold weather
outdoor activities, such as by bicycle riders in the winter.
[0005] Foot coverings are used for two primary utilitar-
ian purposes, in addition to fashion related purposes..
The first purpose is for comfort, because placing a sock
between the shoe and the foot helps to prevent blisters
and the like on the user’s skin.
[0006] The second primary purpose is for warmth. For
thosewhowork or choose to play outside, the cloth of the
sock can provide a degree ofwarmth during coldweather
periods. This is especially truewhen thesock ismadeof a
material such as wool or some other heat insulating
material.
[0007] One area where socks are asked to perform a
third function is when socks or other appendage cover-
ingsareused in connectionwithathletic eventswhere the
user’s leg is traveling swiftly through the air. Examples of
such activities include bicycling, running, skating and
skiing. In such cases, the sock should preferably en-

hance the aerodynamic profile of the user wearing the
sock, to thereby help the user to reduce drag, and im-
prove performance times.
[0008] For some time, it has been known that aero-
dynamic enhancement can occur through the choice of
certainmaterials that have good aerodynamic properties
than others. For example, it is known that a thin Lycra®
brand spandex material has a better aerodynamic prop-
erties than a thick cotton material, such as is typically
found in athletic tube socks. Lycra® is a registered trade-
mark of the Lycra Company. With Lycra® spandex, the
primary aerodynamic enhancement results from the
spandex socks being usually thinner than the cotton tube
socks. This thinness helps to reduce the profile of the
sock when compared to thicker tube stock.
[0009] Additionally, the aerodynamic spandex socks
are designed to be tight-fitting to reduce the cross-sec-
tional area of the leg, compared to a tube sock that is
thicker, and is also not as tightfitting.
[0010] Another featureof spandex socks that improves
their aerodynamic enhancement is the use of vertical
ribs, that extend all the way around the circumference
of the leg-engaging portion of the spandex sock. Exam-
ples of currently available aerodynamically enhanced
spandex socks are the Castelli Socks and which can
be seen at https://www.castelli-cycling.com/us/aero-
sock/p/TR0536SC1
[0011] Notwithstanding the advantages provided by
these ribbed spandex socks, room for improvement ex-
ists. One problemwith the currently existing ribbed span-
dex socks is that they do not stand up and cling to the leg
very well when they get wet. When wet, the ankle portion
that extendsup the leg tends to crumple, so that it gathers
around the ankle. This ankle gathering has both aero-
dynamic and fashion-related drawbacks.
[0012] Another problem with known spandex socks is
that their turbulence inducing ribsextend360° around the
circumference of the sock. The problem with the ribs
extending all the way around the circumference of the
sock is that such circumferential positioning of the ribs,
while effective at inducing boundary layer turbulence to
reduce suction drag, tends to increase skin friction drag
on theentire circumferenceof thesock, evenareaswhich
otherwise would have maintained flow attachment with-
out the ribs.
[0013] Another problem with known spandex socks
relates to the way in which they are constructed. Typi-
cally, known spandex -containing socks include a foot
portion that ismade from a knit material, which is sewn to
a spandex portion which comprises the leg or ankle
portion. One problem with having to join the two compo-
nents together is that a seam is formed at the joinder, and
this seam comprises a thickened area of the stock.
[0014] One difficulty that arises when creating such a
seam-containing two-piece sock is deciding where to
position the seam. Ideally, the seamwould be positioned
low, at about the point where the top of the foot receiving
aperture of the shoe is positioned, so that the seamwould
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generally becoextensivewith the topof theshoe.This isa
preferred place to put the seam because it enables the
spandex portion to extend over all of the area of the sock
that is exposed to the air, and over which the air flows, as
no significant amount of air flows over the portion of the
sock that is disposed interiorly of the shoe.
[0015] However, placing the seam at a position adja-
cent to the top of the foot receiving aperture of the shoe
also has drawbacks, because the thickened seam
causes the foot and ankle to chafe against the shoe.
To avoid this chafing, one typically places the seam so
that it is disposed at least an inch or so above the position
where the top of the foot receiving aperture of the shoe
resides.Although this elevatedpositionhasbenefits from
a comfort standpoint, it has drawbacks from an aerody-
namic standpoint. By increasing the area of the knitted
portion that is exposed to airflow, and thereby decreasing
the area of the ribbed spandex portion which is exposed
to airflow, the effectiveness of the turbulence inducing
features of the spandex is reduced because there is less
area over which the spandex ribs can induce turbulence.
[0016] US2016/302495 discloses a garment, in parti-
cular a bodysuit for use in a sports event, that is designed
tominimise aerodynamic drag. The garment is formed of
a fabric that is providedwith a texturedpattern on its outer
surface, the height of which gradually increases from the
front to the rear of the garment. This document discloses
the preamble of claim 1.
[0017] One object of the present invention is to create
anappendagecovering, suchasasockor armcover, that
has aerodynamic and/or other advantages over socks
and arm covers that are presently used and known in the
prior art.

III. Summary of the Invention.

[0018] In accordance with the present invention, an
aerodynamically enhanced appendage covering is pro-
vided comprising a first portion that is not subject to
significant airflow and a second portion that is positioned
to engage significantly more airflow when placed on a
moving body. At least a part of the second portion in-
cludes an aerodynamically enhanced area. The aerody-
namically enhanced area includes a first frontal zone, a
second turbulence inducing zone, and a third rear zone,
the second zone being disposed between the first and
third zones. The first zone is configured to have a rela-
tively smooth surface for inducing a relatively lesser
amount of turbulence on air flowing past than the second
zone. The second zone has a surface that is less smooth
than the first zone . The second zone comprises at least
two rows of discrete turbulence-inducing features con-
figured for creating a boundary layer for inducing turbu-
lence in air flowing past the second zone. The third zone
has a surface that is moother than the second zone and
the third zone includes a ribbon-shaped raised portion
that extends in a direction generally perpendicular to the
direction of air streams that flow past the second zone

during use of the appendage covering, the ribbon-
shaped raised portion being configured and positioned
for directing the air streams to merge at the rear of the
appendage covering.
[0019] The second zone may include a relatively re-
cessed surface portion and a relatively raised surface
portion. The turbulence inducing features may be dis-
posed on one of the relatively raised and recessed sur-
face portions, preferably on the raised portion. The rela-
tively raised surface portion may comprise a series of
discrete spaced turbulence inducing features.
[0020] Most preferably, the turbulence inducing fea-
tures comprise a plurality of discrete turbulence inducing
features having a thickness greater than the thickness of
the area around the turbulence inducing features, so that
the turbulence inducing features comprise relatively ele-
vated areas that create turbulence, and preferably create
aboundary layer between the coveringand the flowof air.
The turbulence inducing features may add between
about 0.9 and 1.5 mm, preferably between about 1.0
and 1.25mm, to the thickness of the second zone. Other
optional features are defined in the appended dependent
claims.
[0021] These and other features and advantages will
be described below and appreciated by one skilled in the
art upon reading the detailed description and viewing the
drawings below.

IV. Brief Description of the Drawings

[0022]

Figure 1 is a front view of the appendage covering of
the present invention, shown here illustratively as a
stocking that is inserted upon the foot and lower leg
of a mannequin;
Figure 1A is a left side view of the stocking;
Figure 1B is a sectional view taken along lines 1B‑1B
of Fig. 1A.
Figure 2 is a top-frontal view of the foot engaging
portion of the stocking shown in Figure 1;
Figure 3 is a top view of the socks of the present
invention, illustrating the portions of the leg portion,
including the smooth frontal portion, the turbulator
including first (left) side and second (right)portions
and the smooth, but air directing thickened rear
portion.
Figure 4 is a sectional, schematic view, similar to
Figure 1B showing how air flows over the stocking of
the present invention;
Figure 4A is a sectional, schematic view, similar to
Figure 2A, showing how air flows over a prior art
stocking
Figure 5 is a right-frontal view of the stocking, taken
from a position of approximately 1 o’clock;
Figure 6 is a top view of a turbulator of the present
invention;
Figure 7 is a right side perspective view of the stock-
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ing, with the upper portion of the leg portion rolled
over to expose the interior surface of the leg portion,
showing the interior of the thickened turbulators
Figure 8 is a right, side perspective view of the stock-
ing, taken from a position of approximately 3 o’clock
showing the three vertically arrayed rows of turbu-
lators;
Figure 9 is a rear-biased right side perspective view
taken from a position of approximately 5 o’clock;
Figure 10 is a rear perspective view taken from
approximately 6 o’clock;
Figure 11 is a rear-biased left side perspective view
taken from approximately 7 o’clock;
Figure 12 is a left side perspective view taken from
approximately 9 o’clock; and
Figure 13 is a bottom view, showing the bottom, or
plantar surface of the stocking.

V. Detailed Description of Preferred Embodiment.

[0023] Anaerodynamically enhanced appendage cov-
ering such as sock 10 is provided comprising a first
portion 14 that is not subject to significant airflow and a
second portion 16 that is positioned to engage signifi-
cantlymoreairflowwhenplacedonamovingbodyMB.At
least a part of the second portion 16 includes an aero-
dynamically enhanced area 20. The aerodynamically
enhanced area 20 includes a first frontal zone 24, a
second turbulence inducing zone 28, and a third rear
zone 32 (Fig. 3).
[0024] The frontal zone 24 is configured to have a
relatively smooth surface 34 for inducing a relatively
lesser amount of turbulence on air flowing past than
the second zone 28. The second zone 28 has a relatively
less smooth surface and includes a plurality of turbu-
lence-inducing features such as turbulators 38 that are
configured for creating a boundary layer 40 for inducing
turbulence in air flowing past the second zone 28.
[0025] Preferably, the second zone 28 includes a re-
latively recessed surface portion 42 and a relatively
raised surface portion 44. The turbulence inducing fea-
tures 38 are disposed on one of the relatively raised 44
and recessed 42 surface portions, and most preferably
on the raised portions 44. The turbulence inducing fea-
tures 38 preferably comprise a plurality of discrete
spaced turbulators (Fig. 8).
[0026] The turbulators 38 are features that generally
have a thickness greater than the thickness of the area
around the turbulence-inducing features, so that the
turbulators comprise relatively elevatedareas that create
turbulence, and preferably create a boundary layer 40
(Fig. 4) between the appendaged covering 10 and the
flow of air. The surface 39 of the turbulator 38 is also
relatively rougher than the non-turbulator areas 41 of the
sock 10.
[0027] The third or rear zone 32 generally includes a
surface 46 that is smoother than the surface second or
side zone 28 to induce a smaller amount of air flow

turbulence than is created in the second zone. Preferably
the third zone 32 includes a thickened portion 44 dis-
posed at the rear of the sock 10 which serves to help
aerodynamically direct the air stream 52 at the rear of the
sock 10 so that the air stream52 flowing alongone side of
the legmergesmore smoothly with the air flowing across
the other side of the leg.
[0028] The stocking 10 is a unitarily formed, preferably
in a single process, from a single material. Through this
process, there is no need to join dissimilar materials
together as in the Spandex socks discussed above.
[0029] The foot engaging first portion 14 typically re-
sides within the interior of the shoe (not shown) being
worn by the user. Because the foot engaging portion 14
resides within the shoe of the user, very little air flows
directly over it duringmovement, suchaswhen theuser is
riding the bicycle. For these reasons, the aerodynamics
of the foot portion are generally not as important as the
aerodynamic properties of the second leg-engaging por-
tion.
[0030] The foot engaging portion includes a toe portion
54. The toe portion 54 is disposed at the distal end of the
foot engaging portion. From amanufacturing standpoint,
the stocking 10 is typically made as a tube having two
open ends. The open distal end is then folded over, with
the distal end of the toe 54 being attached to the dorsal
surface 56 of the foot engaging portion 14, so that a
closed toe sock 10 results.
[0031] The leg portion 16 of the sock 10 extends up-
wardly from the foot engaging portion 14, and generally
comprises that portion of the sock 10 which typically
resides exteriorly of the shoe and receives and engages
the lower part of the user’s leg. However, the leg portion
16 can be of any length and extend any desired distance
up theuser’s leg.Because the legportionprovidessuper-
ior aerodynamics as compared to the user’s naked leg, it
is aerodynamically advantageous to have a relatively
longer length in the leg portion 16, which may extend 3
inches to 6 inches, 9 inches, or even a greater number of
inches up the user’s leg.
[0032] In fact, there may be advantages to extending
the legportion 16all thewayup to the interior of theuser’s
pants, or possibly evenemploy the legportion 16 to serve
as pants for the user in a manner similar to pantyhose.
[0033] There is a line of demarcation between the foot
engagingportion14and the legengagingportion16.This
line of demarcation comprises a transition point 60. Un-
like the transition point in known Lycra socks, the transi-
tion point 60 between the foot engaging portion 14 and
the leg engaging portion 16 does not require a seam,
since the stocking is unitarily formed from the same
material. Because the transition point 60 is seamless,
there is no added thickness at the transition point 60. The
transition point 60 has relevance since the sock 10 is
knitted to form the foot-engagingportion14of the sock10
differently than the leg portion 16.
[0034] This lackof aseamprovidesdesignadvantages
to themanufacturer, and comfort advantages to the user.
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The design advantage provided to the manufacturer is
that the lack of the seam, and the lack of any additional
thickness therewith, enables the manufacturer to place
the transition line anywhere that he/she chooses, without
adding discomfort. Although discomfort would likely not
increase even with a thickened seam if the thickened
seam were placed exteriorly of the shoe, a thickened
seam would likely cause discomfort if the seam were
placed interiorly of the shoe. Since the present invention
does not have a thickened seam, but rather a non-thick-
ened transition area, the transition area can be placed
interiorly of the shoe without adding discomfort to the
user.
[0035] From the manufacturer’s standpoint, it is ad-
vantageous toplace the transitionpoint 60 interiorlyof the
shoe, because that lengthens the leg engaging portion
16. Since the leg engaging portion 16 is designed to
provide features, such as turbulators 38, which help
the aerodynamic performance of the sock 10, the length-
ening of the leg engaging portion 16 provides more area
for the manufacturer to provide aerodynamically en-
hanced materials and features, to thereby help to im-
prove the overall aerodynamic efficiency of the stockings
10.
[0036] It will be noted that the surface 62 of the foot
engaging portion 14 is generally smooth and does not
include any turbulence-inducing features 38 such as ribs
or turbulators 38. A smoother, flatter surface 62 is cho-
sen, because it helps toenhancecomfort, and tomaintain
the thinness of the sock 10.
[0037] The dorsal surface 56 of the foot engaging
portion includes a thickened dorsal portion 66. The thick-
ened dorsal portion 66 is co-knitted into the material at
this portion to provide a thickening of the sock 10, to
provide additional padding. When in use, this thickened
dorsal portion 66 is positioned under the point where the
user’s shoe is strapped. The placement of the thickened
area 66 at that position is believed to add additional
comfort to the user.
[0038] The leg engaging portion 16 can include a plur-
ality of micro-ribs 72 (shown in Fig. 1). The primary
purpose of the micro-ribs 72 is to help the sock 10 stay
upright and engaged onto the user’s leg. As discussed
above, the presently known Lycra socks, even though
ribbed,havea tendency to fall downon theuser’s leg, and
not stay in their proper position.
[0039] Because of the unitary knitting and non-Lycra
material used with the present invention, the socks 10 of
the present invention can employ the micro-ribs 72 to
create a sock which will stay properly positioned on the
user’s leg. A thickened portion 74 that includes additional
elastic strength is disposedat the topof the legportion16,
and helps to maintain the leg portion 16 upright, and
properly positioned on the user’s leg.
[0040] As shown in Fig. 1, the micro-ribs 72 extend
circumferentially around the smooth first frontal zone 24,
the side first 28A and second 28B turbulator containing
zone28, andmost of the smooth rear zone32.Thesizeof

the micro-ribs 72 are minimized (when compared to the
ribs of the Lycra Socks) to minimize the turbulence in-
duced by the micro-ribs 72. The smooth leg engaging
front zone 24 is designed to embrace the air, without
inducing more turbulence than necessary. Inducing tur-
bulence on this smooth front engaging zone 24 does not
aid in the aerodynamic efficiency.
[0041] However, it will be noted that the side turbulator
containing zones 28A, 28B include three rows 78, 80, 82
of six discrete turbulators 38. These turbulators 38 are
shown in the drawings (Fig. 1A) to include a front verti-
cally arrayed first row 78, a middle vertically arrayed
second row 80, and a rear vertically arrayed third row
82of six individual discrete turbulators 38. Turbulators 38
take on the appearance that has similarities to a B2 Spirit
Bomber as shown best in Fig. 6 with a pointed narrow
leadingend86, andawider trailingend88 that comprises
three rear-pointing arrow-shaped members.
[0042] In cross-section, the turbulators 38 preferably
each add about 1 to 1.25 millimeters of additional thick-
ness to the base thickness of the socks 10. This addi-
tional thickness adds turbulence to the air flowing around
the first and second sides 28A, 28B of the second zone
28, which introduces turbulence into the boundary layer.
By creating a turbulent boundary layer, aerodynamic
efficiency is improved, as the airflow is better able to
remain attached to the sock 10 surface downstream,
resulting in a reduction in the pressure wake behind
the sock, as shown in Fig. 4, when compared to a sock
that does not include turbulators, as shown in Fig. 4A.
[0043] As shown in Figures 10 and 11, a thickened rear
member 50 is disposed approximately at 6 o’clock (180°
from the front of the sock 10) which helps to pull together
the air streams flowing around the respective left and
right sides280of theuser 286sock10, asshown inFig. 4.
[0044] As discussed above, one aspect of the present
invention is that the sock 10 is made in a single knit
process that is made from a single material. Through
the use of the single knitting process, with a single
material, one can place the turbulence-inducing features
38 wherever one wants to along the body of the sock 10,
as it is all the same sock 10.
[0045] Preferably, the yarn material from which the
sock is knitted comprises a nylon yarn. Most preferably,
the nylon yarn comprises a Q-skin® yarn that is manu-
factured by Fulgar SPA of Strada Casaloldo, 55, 46042
Castel Goffredo (MN)‑Italy, whose website is www.ful-
gar.com. The Q-skin material is described as being a
polyamide 6.6 fiber in which silver ions are inserted
directly during the spinning process. The presence of
the silver limits the bacterial growth, which helps to re-
duceodor. Fulgar states that theQ-skinmaterial provides
the wearer with breathability, freshness, hygiene, and
comfort.
[0046] The nylon material is preferably knit using a
200-needle Jacquard knitting machine (not shown).
The Jacquard type knitting machine allows one to bring
in and drop out additional needles of yarn so that as you
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are knitting the sock, one can change the thickness of the
sock by changing the number of needles being used to
vary the thicknessorpatternof thesock.Seewww.xdknit-
machinery.com.
[0047] Preferably, the material is knitted so that the
turbulators 38 have approximately somewhere between
1.0 and 1.25 millimeters of additional thickness when
compared to the rest of the sock. Essentially, by varying
the number of needles, one can vary the thickness, and
by using a greater number of needles, one can increase
the thickness of the material.
[0048] As is common in the industry, the yarn itself is
created by Fulgar, or some other yarn manufacturer, and
then sent to a fabric manufacturer, who knits the yarn to
form a piece of fabric, and then shapes or forms into a
fabric item having a desired size and shape for the
desired finished product, such as shirts or stockings.
[0049] As shown in the drawings, the foot-engaging
first portion 14 of the sock 10 is generally knit to have a
smooth exterior surface. In deciding the pattern, one tries
to achieve a balance between flexibility, comfort,
strength, and ability to hold the sock up on the leg. For
the foot-engaging portion, one does not need to be overly
concernedwithholding thesocksup, as theywill naturally
hold themselves onto the generally horizontally-dis-
posed foot of the user.
[0050] Additionally, one need not be overly concerned
with the aerodynamic properties of the foot engaging first
portion 14 aerodynamic properties, since the foot portion
is generally disposed inside the shoe and, as such, is not
exposed to flowing air and will have little aerodynamic
impact during use.
[0051] However, considerations of the pattern that is
knitted on the second portion 16 that engages the leg and
ankle of the user are different. On the leg and ankle
portion 16, the ability of the sock 10 to hold on to the
leg is more important along with the appropriate aero-
dynamic properties of the leg portion 16.
[0052] It has been found by the applicant, that micro-
ribs 72 are useful in holding the sock up onto the leg.
However, when designing the ribs 72, it has been found
that preferably very small or "micro-ribs" are preferably
used. Small ribs 72 are used because it is desired to
provide the smoothest surface possible which still has
enough ribs to enable the sock to hold up on the leg.
[0053] As will be discussed below, the applicants be-
lieve that they have achieved a maximized aerodynamic
efficiency, while providing a primarily smooth surface on
the ankle or leg-engaging second portion 16 of the sock
10, while selectively placing the turbulence-inducing tur-
bulators 38 in places where they can have the most
profound and positive aerodynamic effect. One feature
that one does wish to pay particular attention to on the
foot first engaging portion 14 is breathability, and the
cross-hatched surface of the first portion 14 as shown
in the photographs that accompanied the above-refer-
enced provisional applications does help to enhance
breathability.

[0054] Theseprovisional applicationsare incorporated
by reference in their entirety into this application. Figs. 3
and4show the leg-engagingportion16 that is exposed to
flowing air, and includes the turbulators 38, or aerodyna-
mically enhancing the flow of air past the leg portion.
[0055] There are three primary zones of the second
portion 16, including the front zone 24, the rear zone 32,
and the two side zones 28A, 28B. The side zone 28
includes a first side turbulator-containing zone 28A and
a second side turbulator-containing zone28B.Generally,
the first and second side turbulator-containing zones
28A, 28B are generally similar.
[0056] As a point of reference, see line W-W (Fig. 3)
which comprises a laterally-extending diameter line
which extends through the thickest part of the leg.
[0057] In cross-section, it will be noted that the leg is
somewhat oval shaped. The front zone 24 is designed to
be a smooth air-engaging surface. As discussed above,
the front smooth air-engaging zone 24 contains no tur-
bulators 38, but does contain micro-ribs, which although
detracting from the smoothness of the surface, enhance
the sock by improving the sock’s 10 ability to stay up and
engage with the user’s leg, especially when the sock 10
gets wet.
[0058] It will be noted that the front zone 24 is defined
generally between lines A-A and is disposed generally at
the front of the leg. The front section 24 is preferably
generally smooth, because the airflow around the front
zone 24 is generally the laminar.
[0059] Generally, separation takes place predomi-
nantly at about linesW-Wwhich are the thickest portions
of the leg. However, it has been found that the first set of
turbulators 38 should be positioned not at the widest
point, W-W of the leg, but rather be disposed a little
forwardly of the center line W-W. It has been found by
the applicants, that the first turbulator is preferably lo-
cated at about 20 degrees forward from the diameter line
W-W at about the position of line B.
[0060] There are several reasons that the applicants
have found enhanced aerodynamic efficiency occurs
when placing the turbulator forwardly of the center dia-
meter lineW-W.Oneof the reasons relates to theangle of
the leg as it moves through the air when riding a bicycle.
Because the leg is moving, and because the air often
comes from variable directions, the area of maximum air
split, which is the areawhere you have air separation, will
not always be aligned at the center line point W-W, but
may be forwardly of that.
[0061] By placing the turbulators 38 at about 20 de-
grees in front of the center lineW-W, the socks 10 have a
better ability to create turbulence in crosswinds and the
like, or when the user has his/her leg canted at an angled
position, and not straight forward. The second, or turbu-
lator containing zone 28 is positioned in the areas be-
tween lines A and C, and the rear zone is the area
generally between lines C-C (Fig. 3).
[0062] In the drawings, it is shown that the turbulators
include a first (forward) 78, second (middle) 80, and third
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(rearward) 82 array of vertically disposed discrete turbu-
lators 38. Each of the arrays comprises six individual
"stealthbomber" shaped turbulators38.Of the three rows
of turbulators 38, the row that has the greatest influence
on the airflow is the first, or forward, set 78 of turbulators
38. It is believed that the second 80 and third 82 rows of
turbulators 38 also create turbulence, but do have as
large of an impact on the airflow of the first row 78 of
turbulators 38.
[0063] The rear zone 32 of the sock 10 is generally
smooth except that it should have a raised portion shown
as the ribbon-shaped thickened rear member 44 that is
disposedat theback center of the sock10, approximately
180 degrees from the leading edge of the stocking 10. It
has been found that placing a thickened portion 44 at the
rear of the sock helps to improve airflow by discharging
the air that flows off the back of the sock in the laminar
matter, to thereby reduce turbulence at the rear of the
sock 10.
[0064] Asshown inFig. 4A, turbulenceTRat the rear of
the sock is a significant contributor to aerodynamic drag.
By reducing this turbulence TR, one helps to significantly
reduce aerodynamic drag. In Fig. 4A, it will be noted that
the large turbulent zone TR extends behind the sock,
which is much larger and more turbulent than the turbu-
lent zone that exists behind the socks with the turbulator
38 (Fig. 4).
[0065] The turbulence that is downstream in the flow of
air, and is shown to be amuch greater area in Fig. 4A (the
prior art) than the present invention, causes drag on the
object flowing through the air. This drag is referred to as
suction drag. In order to increaseaerodynamic efficiency,
one wants to reduce the size of this suction drag area. As
will be noted, the sockwithout the turbulator (Fig. 4A) has
a larger suction drag area than the sock with the turbu-
lators (Fig. 4) and, as such, creates more suction drag,
when compared to the sock of the present invention with
a turbulator (Fig. 4).
[0066] This reduction in suction drag is believed to be a
significant contributor to the increased aerodynamic effi-
ciency of the sock 10 of the present invention when
compared to the prior art socks 98 (Fig. 4A). The aero-
dynamic efficiency of the sock of the present invention
has been shown by testing conducted by applicants.
[0067] This testing demonstrated that the aerodyna-
mically enhanced sock 10 of the present invention is
faster than the standard knit sock. This "fastness" is
measured by watts of energy saved. Depending upon
the speed at which the sock 10-containing leg is going
through the air, and the angle of the leg to the wind, the
applicants have found that the aerodynamic sock of the
present invention (Fig. 4) is approximately four to nine
watts faster than a knit sock 98 such as is shown in Fig.
4A.
[0068] When compared to the fastest known Lycra
socks, the sock of the present invention is either on
par or possibly significantly faster than the Lycra-type
aerodynamic socks discussed above.

[0069] However, even if the sock of the present inven-
tion was no more aerodynamically efficient than the
known Lycra sock, it is likely that the sock of the present
inventions would still have advantages which make it a
better choice than the Lycra socks.
[0070] One advantage is that, unlike the Lycra sock,
the design and material of the present invention are
significantly more likely to engage the leg, and not fall
down during use, and especially when the sock gets wet.
[0071] A further advantage, is that the sock 10 of the
present invention is believed to be much less expensive
to produce than the two-piece Lycra sock. This can
provide a significant cost advantage to themanufacturer,
and possibly the user.
[0072] Your attention is now directed to Fig. 6, which
shows oneof the turbulators 38 that, as described above,
bearsa topprofile reminiscent of that of aStealth bomber.
The turbulator includes a leading point 86, and first and
second leadingedges87and89, three rear-cornerpoints
92, 94, and 96, and two interior corners 100 and 102.
[0073] The three trailing corners 92, 94, and 96 form
micro-vortices that want to curl over the surface to intro-
duce energy into the flow of air thereover, which causes
the air to want to stick down onto the surface. In this
regard, faster and higher flow rates cause the airstream
to be much more difficult to separate from the surface
than lower energy flow.
[0074] The two interior corners at the back, 100 and
102, actually create a small suction that wants to pull the
air flow down against the sock evenmore. These corners
100, 102 induce a little negative pressure that wants to
turn the air down. The trailing edge center point 94 can
actually form additional micro-vortices to help pull the
airstream down onto the surface of the sock.
[0075] The turbulators induce turbulence with the tur-
bulators and because of the suction, that turbulence is
held against the surface of the sock, and reducing the
ability of the air flow to separate from the sock. Points 92,
94, and96create the turbulence, and interior corners 100
and102 serve as suction vortices that hold down the flow.
[0076] In this manner there is created a turbulence-
inducing member which is not only efficient in creating
turbulence, but also helps to maintain the turbulence-
containing airflow close to the surface of the sock.
[0077] Upwind of the turbulator 38 the flow of air is
laminar. As the air flow moves around the leg, it starts to
separate. In terms of energy, you have relatively low
surface energy flow at the front zone 24of the sock, but
the flow direction is pushing on the surface. As the air
flows around the sides 28A, 28B of the sock 10, the air
wants to accelerate. If there is not enough energy in the
flow, it separates and creates a big suction area TR (Fig.
4A) behind the leg that, inmost cases,would beabout the
cross-sectional area of the leg. Using the turbulator to
induce these little vortices, you are adding energy to the
flow, which makes the airflow want to stick down close to
the sock10, and ride the sockaround the curveat the rear
of the leg. If this is done properly, the end result is to
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provideasuctionzonebehind thebackof the leg, that has
an area of less than half the frontal area of the leg.
[0078] The turbulator 38 puts energy into the flow, to
thereby reduce overall aerodynamic drag. Although you
areprobably addingabout oneor twopercent of skin drag
by the use of the turbulators 38, you are still reducing the
suction andpressuredragbyabout asmuchashalf at the
rear (downwind) portion of the leg. The net result is that a
little bit of investment in increased skin drag results in a
significant savings of drag overall. It is believed that you
are probably adding about three percent of skin friction
drag while achieving a 15 percent savings.
[0079] It is also helpful to use a yarn with a high thread
count that is very elastic. A very thin yarn should be used
at the frontal area 24 of the sock and a relatively thicker
yarn should be used to form the turbulators 38.
[0080] Having described the invention in detail with
reference to certain preferred embodiments, it will be
appreciated that the description rendered herein should
not be viewed as limiting the scope of the protection
afforded to the invention which is defined by the ap-
pended claims.

Claims

1. An aerodynamically enhanced appendage covering
(10) comprising a first portion (14) that is not subject
to significant airflow and a second portion (16) that is
positioned to engage significantlymore airflowwhen
placed on a moving body (MB), at least a part of the
second portion (16) including an aerodynamically
enhanced area,

the aerodynamically enhanced area including a
first frontal zone (24), a second turbulence in-
ducing zone (28), and a third rear zone (32), the
second zone (28) being disposed between the
first (24) and third (32) zones,
the first zone (24) being configured to have a
relatively smooth surface for inducing a rela-
tively lesser amount of turbulence on air flowing
past than thesecondzone (28), thesecondzone
(28)havingasurface that is lesssmooth than the
first zone (24),
the second zone comprising at least two rows
(78, 80, 82) of discrete turbulence inducing fea-
tures (38) configured for creating a boundary
layer (40) for inducing turbulence in air flowing
past the second zone (28), characterised in
that the third zone (32) has a surface that is
smoother than the second zone (28), and
the third zone (32) including a ribbon-shaped
raised portion (50) that extends in a direction
generally perpendicular to the direction of air
streams that flow past the second zone (28)
during use of the appendage covering (10),
the ribbon-shaped raisedportion (50) beingcon-

figured and positioned for directing the air
streams to merge at the rear of the appendage
covering (10).

2. The appendage covering of claim 1 wherein the
turbulence inducing features (38) have a generally
delta-like shapewith a narrow leading end (86) and a
relatively wider trailing end (88).

3. The appendage covering of claim 2 wherein the
trailing end (88) of the turbulence inducing features
(38) includes three rear cornerpoints (92, 94,96)and
two interior corners (100, 102).

4. The appendage covering of any preceding claim
wherein the appendage covering (10), when placed
on a body, has an upwind side and a downwind side,
the first zone (24) is disposed at the upwind side of
the appendage covering (10), and the third zone (32)
is disposed at the downwind side.

5. The appendage covering of claim 4 wherein the
appendage covering includes an imaginary plane
(W-W) extending laterally to the direction of airflow,
and generally bisecting the appendage covering
(10), wherein the turbulence inducing features are
disposed on the second zone (28) between about 45
degrees upwind of the plane (W-W) and 45 degrees
downwind of the plane (W-W).

6. The appendage covering of claim 5 wherein the
turbulence inducing features (38) are disposed be-
tween about 25 degrees upwind of the plane (W-W)
and 25 degrees downwind of the plane (W-W).

7. The appendage covering of any preceding claim
wherein the first portion (14) and second portion
(16) meet at a transition area that contains no seam.

8. The appendage covering of any preceding claim
wherein the turbulence inducing features (38) add
between about 0.9 and 1.5 mm, preferably between
about 1.0 and 1.25 mm, to the thickness of the
second zone (28).

Patentansprüche

1. Aerodynamisch optimierte Körpergliedbedeckung
(10), die einen ersten Abschnitt (14), der keiner
signifikanten Luftströmung ausgesetzt ist, und einen
zweiten Abschnitt (16) umfasst, der so positioniert
ist, dass er in eine signifikant stärkere Luftströmung
eingreift, wenn er auf einem sich bewegenden Kör-
per (MB) platziert ist, wobei zumindest ein Teil des
zweiten Abschnitts (16) einen aerodynamisch opti-
mierten Bereich umfasst,
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wobei der aerodynamisch optimierte Bereich
eine erste vordere Zone (24), eine zweite turbu-
lenzinduzierende Zone (28) und eine dritte hin-
tere Zone (32) umfasst, wobei die zweite Zone
(28) zwischen der ersten (24) und der dritten
(32) Zone angeordnet ist,
wobei die erste Zone (24) so konfiguriert ist,
dass sie eine relativ glatte Oberfläche aufweist,
um eine relativ geringere Menge an Turbulen-
zen auf die vorbeiströmende Luft zu induzieren
als die zweite Zone (28), wobei die zweite Zone
(28) eine Oberfläche aufweist, die weniger glatt
ist als die erste Zone (24),
die zweite Zone mindestens zwei Reihen (78,
80, 82) von diskreten turbulenzinduzierenden
Merkmalen (38) umfasst, die so konfiguriert
sind, dass sie eine Grenzschicht (40) zum Indu-
zieren von Turbulenzen in der an der zweiten
Zone (28) vorbeiströmenden Luft erzeugen, da-
durch gekennzeichnet, dass die dritte Zone
(32) eine Oberfläche aufweist, die glatter ist als
die zweite Zone (28), und
die dritte Zone (32) einen bandförmigen erhabe-
nen Abschnitt (50) umfasst, der sich in einer
Richtung erstreckt, die im Allgemeinen senk-
recht zur Richtung der Luftströme ist, die wäh-
rend der Verwendung der Körpergliedbede-
ckung (10) an der zweiten Zone (28) vorbeiströ-
men, wobei der bandförmige erhabene Ab-
schnitt (50) so konfiguriert und positioniert ist,
dass er die Luftströme so lenkt, dass sie sich an
der Rückseite der Körpergliedbedeckung (10)
vereinigen.

2. Körpergliedbedeckung nach Anspruch 1, wobei die
turbulenzinduzierenden Merkmale (38) eine allge-
mein deltaförmige Form mit einem schmalen vor-
derenEnde (86) und einem relativ breiteren hinteren
Ende (88) aufweisen.

3. Körpergliedbedeckung nach Anspruch 2, wobei das
hintere Ende (88) der turbulenzinduzierendenMerk-
male (38) drei hintere Eckpunkte (92, 94, 96) und
zwei innere Ecken (100, 102) aufweist.

4. Körpergliedbedeckung nach einem der vorhergeh-
endenAnsprüche, wobei die Körpergliedbedeckung
(10), wenn sie auf einemKörper angeordnet ist, eine
Aufwindseite und eine Abwindseite hat, die erste
Zone (24) an der Aufwindseite der Körpergliedbede-
ckung (10) angeordnet ist und die dritte Zone (32) an
der Abwindseite angeordnet ist.

5. Körpergliedbedeckung nach Anspruch 4, wobei die
Körpergliedbedeckung eine imaginäre Ebene (W-
W) umfasst, die sich seitlich zur Richtung des Luft-
stroms erstreckt und die Körpergliedbedeckung (10)
im Wesentlichen halbiert, wobei die turbulenzindu-

zierenden Merkmale auf der zweiten Zone (28) zwi-
schen etwa 45 Grad in Windrichtung der Ebene (W-
W) und 45 Grad in Windrichtung der Ebene (W-W)
angeordnet sind.

6. Körpergliedbedeckung nach Anspruch 5, wobei die
turbulenzinduzierendenMerkmale (38) zwischen et-
wa25Grad inAufwindrichtungderEbene (W-W)und
25 Grad in Abwindrichtung der Ebene (W-W) ange-
ordnet sind.

7. Körpergliedbedeckung nach einem der vorhergeh-
enden Ansprüche, wobei der erste Abschnitt (14)
und der zweite Abschnitt (16) in einem Übergangs-
bereich zusammentreffen, der keine Naht enthält.

8. Körpergliedbedeckung nach einem der vorhergeh-
enden Ansprüche, wobei die turbulenzinduzieren-
den Merkmale (38) die Dicke der zweiten Zone (28)
um etwa 0,9 bis 1,5 mm, vorzugsweise um etwa 1,0
bis 1,25 mm, erhöhen.

Revendications

1. Revêtement d’appendice (10) aérodynamiquement
amélioré comprenant une première partie (14) qui
n’est pas soumise à un flux d’air significatif et une
seconde partie (16) qui est positionnée pour mettre
en prise beaucoup plus de flux d’air lorsqu’elle est
placéesuruncorpsmobile (MB), aumoinsunepartie
de la seconde partie (16) comprenant une superficie
aérodynamiquement améliorée,

la superficie aérodynamiquement améliorée
comprenant une première zone frontale (24),
une deuxième zone d’induction de turbulence
(28) et une troisième zone arrière (32), la deu-
xième zone (28) étant disposée entre les pre-
mière (24) et troisième (32) zones,
la première zone (24) étant configurée pour
avoir une surface relativement lisse pour induire
une quantité relativement plus faible de turbu-
lence sur l’air s’écoulant au-delà, que la deu-
xième zone (28), la deuxième zone (28) ayant
une surface qui est moins lisse que la première
zone (24),
la deuxième zone comprenant au moins deux
rangées (78, 80, 82) de caractéristiques d’in-
duction de turbulence discrètes (38) configu-
rées pour créer une couche de limite (40) pour
induire la turbulence dans l’air s’écoulant au-
delà de la deuxième zone (28), caractérisé en
ce que la troisième zone (32) a une surface qui
est plus lisse que la deuxième zone (28), et
la troisième zone (32) comprenant une partie
surélevée en forme de ruban (50) qui s’étend
dans une direction généralement perpendicu-

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 122 341 B1 18

laire à la direction des courants d’air qui s’écou-
lent au-delà de la deuxième zone (28) pendant
l’utilisation du revêtement d’appendice (10), la
partie surélevée en forme de ruban (50) étant
configurée et positionnée pour diriger les cou-
rants d’air afin qu’ils fusionnent à l’arrière du
revêtement d’appendice (10).

2. Revêtement d’appendice selon la revendication 1,
dans lequel les caractéristiques d’induction de tur-
bulence (38) ont généralement une forme de delta
avec une extrémité d’attaque étroite (86) et une
extrémité de fuite (88) relativement plus large.

3. Revêtement d’appendice selon la revendication 2,
dans lequel l’extrémité de fuite (88) des caractéristi-
ques d’induction de turbulence (38) comprend trois
points de coin arrière (92, 94, 96) et deux coins
intérieurs (100, 102).

4. Revêtement d’appendice selon l’une quelconque
des revendications précédentes, dans lequel le re-
vêtement d’appendice (10), lorsqu’il est placé sur un
corps, a uncôté contre le vent et un côté dans le sens
du vent, la première zone (24) est disposée du côté
contre le vent du revêtement d’appendice (10) et la
troisième zone (32) est disposée du côté dans le
sens du vent.

5. Revêtement d’appendice selon la revendication 4,
dans lequel le revêtement d’appendice comprendun
plan imaginaire (W-W) s’étendant latéralement par
rapport à la direction du flux d’air et coupant géné-
ralement le revêtement d’appendice (10) en deux,
dans lequel les caractéristiques d’induction de tur-
bulence sont disposées sur la deuxième zone (28)
entre environ 45 degrés contre le vent duplan (W-W)
et 45 degrés dans le sens du vent du plan (W-W).

6. Revêtement d’appendice selon la revendication 5,
dans lequel les caractéristiques d’induction de tur-
bulence (38) sont disposées entre environ 25degrés
contre le vent du plan (W-W) et 25 degrés dans le
sens du vent du plan (W-W).

7. Revêtement d’appendice selon l’une quelconque
des revendications précédentes, dans lequel la pre-
mière partie (14) et la seconde partie (16) se rencon-
trent au niveau d’une superficie de transition qui ne
contient pas de soudure.

8. Revêtement d’appendice selon l’une quelconque
des revendications précédentes, dans lequel les
caractéristiques d’induction de turbulence (38) ajou-
tent entre environ 0,9 et 1,5mm, de préférence entre
environ 1,0 et 1,25mm, à l’épaisseur de la deuxième
zone (28).
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