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LOW DRAG ASYMMETRIC TETRAHEDRAL
VORTEX GENERATORS

of the hydraulic structure to prevent the streambed from

scouring by counteracting the horseshoe vortex (also some
times called the necklace vortex) that Would be formed by

This application claims the bene?t of US. Provisional
Application Ser. No. 61/350,140, ?led Jun. 1, 2010.

separation at the hydraulic structure nose if there Was no

control. The invention in US. Pat. No. 6,186,445 by Batcho
applied a similar counteracting method for the horseshoe
vortex as in the US. Pat. No. 5,839,853 (Oppenheimer and
Saunders) With other kinds of vortex generator apparati.
Batcho also expanded the application ?elds and he stated that

FIELD OF THE INVENTION

The invention generally relates to the ?elds of aerodynam

ics, hydrodynamics, ?uid mechanics, heat transfer, and
hydraulic engineering. More particularly, the loW drag asym

the invention can be used to suppress the horseshoe vortex

around bridge piers and those occurring on aircraft, subma
rines, and buildings. Therefore, it can be applied to reduce
scour around bridge piers and abutments and ?oW generated

metric tetrahedral vortex generator invention is a manufac
tured device for placement in a ?uid or hydraulic ?oW that is

capable of drag reduction, ?oW separation control, increased

acoustic noise on submarines and aircraft. HoWever, the

heat exchange, bridge pier and abutment scour prevention,
and prevention of debris collection around bridge piers and

Annual RevieWs paper by Simpson (2001) shoWed that this
counteracting mechanism fails as a countermeasure.

abutments.
BACKGROUND OF THE INVENTION
20

In ?uid mechanics, a boundary layer is developed by vis

ary layer through a pair of induced vortices. Similar to trian
gular ramp-type vortex generators, “V”-shaped vortex gen

cous effects in the region immediately adjacent to a bounding
surface and it also causes the surface friction Which is related

to the drag. Boundary layer separation occurs under adverse
or positive pressure gradients When the portion of the bound
ary layer closest to the Wall departs from the surface (Simp
son, 1989, 1996). This breakdown of the boundary-layer ?oW

25

erators as shoWn in FIG. 2 in US. Pat. Nos. 3,578,264 and
3,741,285 by Kuethe Were employed to create vortices to

transfer energy from the outer region boundary layer ?oW into
the loW momentum near Wall ?oW to suppress ?oW separa
tion. This Wishbone like vortex generator is positioned on a

is exhibited as a thicker more turbulent region of loW Wall

shear stress that produces a signi?cant modi?cation of the
pressure ?eld from the attached boundary layer condition and

Drag Reduction and Separation Control
In FIG. 1, the triangular ramp-type vortex generators in
US. Pat. No. 2,800,291 invented by Stephens Were designed
to delay or prevent ?oW separation by energiZing the bound

30

?oW control surface With the apex facing upstream. A similar
“V” shaped vortex generator patent (U .S. Pat. No. 5,058,837)
Was granted to Wheeler and his design has different cross

mean or time-averaged ?oW reversal in some instances.

Therefore, boundary layer separation results in a large

sectional shapes With the apex facing downstream. A channel/

increase in the pressure drag on the body, Which is most of the
total drag, and an increase in related acoustic noise (Simpson,

groove type vortex generator in FIG. 3 Was also invented by

1989; Lin, 2002).

35

In hydraulic engineering, a scoured bed around the hydrau

described a vane type vortex generator device to generate
vortices at a selected location on a ?oW control surface, such

lic structure is most often a consequence of separation of the

incoming boundary layer as it encounters the hydraulic struc
ture and the resulting vortical ?oW. The scour of sediment
around the base of a hydraulic structure is a major cause of

Wheeler in US. Pat. No. 4,455,045. HoWever, its complex
geometry made it laborious to manufacture and costly to
machine. The US. Pat. No. 4,655,419 by van der Hoeven
as an aircraft Wing. Another prior art patent (Farokhi and

40

Taghavi, US. Pat. No. 5,598,990) described triangular cavity
type vortex generators as shoWn in FIG. 4 for controlling

catastrophic bridge collapse. Therefore, ?oW separation con
trol techniques around the hydraulic structure can be effective

supersonic ?oW separation and reducing drag. The triangular

to prevent ?oWs that cause scour.

cavity type vortex generators are constructed by revolving

The majority of the heat transfer to and from a body also

takes place Within the heat exchanging ?uid boundary layer.

45

The loW momentum region developed next to the ?oW sepa

ration results in very poor heat exchange performance
betWeen the body surface and the ?oW. Therefore, suppress
ing the boundary layer separation increases the rate of heat
exchange betWeen a body surface and a heat exchanging ?uid.

cuts of triangular cross section around the vertical triangular
edge normal to the incoming ?oW. TWo counter-rotating vor
tices are created along the vertical side edges to energiZe the
boundary layer ?oW. The invention by Krastel in US. Pat. No.
6,276,636 disclosed tab-shaped or vane type vortex genera
tors as shoWn in FIG. 5 to reduce the surface friction on a

50

motor vehicle. This tab-shaped vortex generator can be any

kind of protraction on the body of the moving object. Others

There are a number of passive and active Ways to control

boundary layer separation, such as vortex generators, bound

have contributed technical data on these prior-art inventions

ary layer trips (turbulators), suction and ejection devices, etc.

(Ashill, 2005; Joslin and Miller, 2009; Lin, 2002) and discuss
applications to supersonic ?oW.
Heat Exchange

In the discussion to folloW, the method of separation control
via vortex generators is described in terms of the current
state-of-the-ar‘t.

55

REVIEW OF PRIOR-ART

Hydraulic Applications: Debris De?ection and Local Scour

60

Countermeasures

In US. Pat. No. 5,839,853 (Oppenheimer and Saunders),
one set of vortex generators, located upstream of the hydrau

lic structure, is speci?ed to produce a pair of stream-Wise
vortices that move toWard the free surface and protect the

hydraulic structure from the impact of oncoming debris.
Another set of vortex generators is positioned directly in front

65

The invention by Min-Sheng Liu et al. in US. Pat. No.
6,929,058 disclosed a cold plate With an arrangement of pairs
of tab-shaped vortex generators Which generate counter-ro
tating vortices. The vortices increased the mixing rate and
improved the heat transfer on the cold plate Without causing
much pressure drop in the heat exchanger. The inventions in
US. Pat. No. 6,578,627 by Min-Sheng Liu et al. and US. Pat.
No. 7,337,831 by Torii are related to improving the heat
transfer around a tubular heat transfer device. More speci?

cally, different shaped vortex generators With various patterns
are speci?ed for controlling the separation of heat carrying
?uid.

US 8,434,723 B2
4
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SUMMARY OF THE INVENTION

FIG. 16 is a surface oil ?oW visualiZation on the doWn

stream leeWard surface (3) of asymmetric tetrahedral vor‘tex
generator models.

This invention is a loW drag asymmetric tetrahedral vor‘tex

generator for preventing local scour, de?ecting debris that
could degrade the performance of the vortex generator, and
reducing drag around the hydraulic structures, such as bridge
piers and abutments and coastal Wind turbines; improving

5

FIG. 18 shoWs photographs of assembly of asymmetric
tetrahedral vor‘tex generator components.

heat transfer betWeen a How and an adjacent surface as inside

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

a heat exchanger or air conditioner; reducing drag and sup

pressing ?oW separation and associated separation related
acoustic noise at subsonic and supersonic conditions on air

A detailed description of the invention folloWs With refer
ence to the appended draWings. The components of the asym

foils, hydrofoils, cars, boats, submarines, rotors, ?oW duct
ing, etc. The asymmetric tetrahedral vortex generator dis
closed herein controls three-dimensional ?oW separation by
bringing high momentum outer region How to the Wall by
induction from the vortex generated by the vortex generator

metric tetrahedral vortex generator are as folloWs, With ref
erence to FIGS. 6 and 7.

1) Bottom Triangular Face (base) of Asymmetric Tetrahe
dral Vortex Generator.

so that the energiZed near-Wall ?oW remains attached to the

body surface signi?cantly further doWnstream than Without
the device. The present invention produces a sWirling ?oW
With one stream-Wise rotation direction Which Will migrate in
a span-Wise direction. The present invention may be opti
miZed to produce very loW base drag by keeping ?oW attached

2) WindWard Triangular Face of Asymmetric Tetrahedral
Vortex Generator.
20

3) LeeWard Triangular Face of Asymmetric Tetrahedral
Vortex Generator.

4) Side Triangular Face of Asymmetric Tetrahedral Vortex
Generator.

5) Asymmetric Tetrahedral Vortex Generator.

on the leeside surface of the device. Prior vortex generators

suffer from signi?cant base drag that reduces system perfor

FIG. 17 is a sketch of asymmetric tetrahedral vortex gen
erator geometry.

25

6) Oncoming How.

mance compared With the present invention. The asymmetric

7) Vortex in FIG. 8 generated by asymmetric tetrahedral

tetrahedral vortex generator can be designed as a reduced

vortex generator.
8) Structure on Which vor‘tex generator is attached.

radar signature/loW observability ?oW control device With
faceted edges designed With angles amenable to stealth tech

nologies.

The asymmetric tetrahedral vortex generator (5) shoWn in
30

FIG. 6 and FIG. 7 and described herein is an asymmetric

tetrahedronia polyhedron Without symmetries composed of
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-5 shoW various prior art vor‘tex generator apparati

and theory.

35

four triangular faces, three of Which meet at each vertex. The
four triangular faces in the reference ?oW context are, respec
tively, the WindWard or upstream face or side plate (2), lee
Ward or doWnstream face or side plate (3), side face or plate

FIG. 6 shoWs details and vieWs of the subject asymmetric

(4) and bottom face (1). An asymmetric tetrahedral vor‘tex

tetrahedral vortex generators.
FIG. 7 is a sketch of the asymmetric tetrahedral vor‘tex

generator that is a mirror image to the one shoWn in FIGS. 6,
7, and 8 produces a vortex of opposite sense.
The side face (4) of the vortex generator (5) is at an angle of

generator geometry.
FIG. 8 shoWs a streamline visualiZation of the vortex gen

40

erated by an asymmetric tetrahedral vortex generator.
FIG. 9 shoWs asymmetric tetrahedral vor‘tex generators
installed at a three-dimensional vor‘tex preventing fairing
around the bottom of a bridge pier.
FIG. 10 is a sketch of asymmetric tetrahedral vortex gen
erators applied to an airfoil, hydrofoil or Wind turbine blade to

45

reduce drag and suppress ?oW separation in subsonic or

supersonic How and associated separation generated acoustic
noise.
FIG. 11 is a depiction of asymmetric tetrahedral vor‘tex
generators arranged for improving heat exchange on a cold or

50

attack a to the oncoming How (6). The oncoming How (6) that
approaches the vortex generator (5) of FIGS. 7 and 8 encoun
ters the WindWard triangular face (2). The oncoming How (6)
stays attached to the WindWard surface (2) under the favorable
or negative pressure gradient. The ?oWs above the WindWard
surface (2) and around side face (4) are at different angles and
roll up to form a vortex (7) in FIG. 8 While they merge to each
other.
In FIGS. 6, 7 and 8, the vortex generator creates a clock
Wise rotation vortex Which brings high momentum How to the
How control surface and loW momentum ?oW aWay from the
surface. The mechanism 6, of using a vortex generator to

hot plate.

control separation is to energiZe the near-Wall loW speed ?oW

FIG. 12 shoWs the non-dimensional vortex strength (17/
(Ue*L)) vs. angle of attack (degrees) for asymmetric tetrahe

through the previously described large-scale mixing process

dral vortex generator 3.
FIG. 13 is a top vieW of surface oil ?oW visualiZations on
the surface of the asymmetric tetrahedral vortex generator
models #1 and 3. Looking doWnstream a counter-clockWise
vor‘tex is formed.
FIG. 14 is top vieW of surface oil ?oW visualiZation on the
surface of asymmetric tetrahedral vortex generator model #2

55

60

stream a counter-clockWise vor‘tex is formed.
FIG. 15 is a surface oil ?oW visualiZation on the leeWard

side surface (4) of asymmetric tetrahedral vortex generator

more to produce co-rotating vor‘tices that bring high momen
tum ?uid toWard near- surface areas of three-dimensional

(left) and computed streamlines from CFD. Looking doWn

models. FloW from right to left. Counter-clockWise vor‘tex
formed looking doWnstream, as in FIGS. 13 and 14 above.

in order to delay or suppress the How separation. The present
invention produces a sWirling ?oW With one stream-Wise
rotation direction WhichWill migrate in a span-Wise direction.
The loW drag asymmetric tetrahedral vortex generators can
be arranged in various modes based on different usages. For
example, the generators may be installed in series of tWo or

65

bodies and produce a sWirling ?oW With one stream-Wise
rotation direction WhichWill migrate in a span-Wise direction.
In such an arrangement, they may be installed on the sides of
the AUR hydraulic local scour vortex preventing three-di
mensional streamlined fairing (1), as shoWn in FIG. 9, so that

the generated vor‘tex induces ?oW doWn toWard the pier and

US 8,434,723 B2
5

6

the fairing (8). This action brings higher energy ‘outer-layer’

ness and length of vortex generator, Where T is the vortex

strength, U8 is free-stream velocity, U1 is the friction velocity,

?oW toward the fairing region Which has thickened boundary
layers due to the combination of the pier and fairing boundary

0t is angle of attack, 6 is inlet boundary layer thickness, h is
vortex generator height, and L is vortex generator length. The

layers that occur there. The bene?t is the prevention of How
separation around the hydraulic structure. By the nature of the
vortex generator shape, no debris is collected around the

h/o and 0t are the most important factors among these vari
ables. Original research Which included a numerical compu

generator, this shape is structurally stronger and produces less

tational simulation study of a series of asymmetric tetrahedral
vortex generators at different heights and angles of attack
shoWs that vortex generator strength increases With the incre
ment of vortex generator height and angle of attack.
Table 1 summarizes the geometric information for three
asymmetric tetrahedral vortex generators and L2, L1, h2 and

drag.

h1 are de?ned in FIG. 7. The numerical simulation results

vortex generators as may occur With other vortex generator

designs. As a local scour countermeasure, this shape is chosen
speci?cally because it acts to deter build-up of debris that Will
be present in ?ood conditions. No prior Work that utiliZes this
design has been found. Compared With the vane type vortex

shoW that design #2 generates the highest vortex strength and

The asymmetric tetrahedral vortex generators and its mir

the vortex created by design #3 has the loWest circulation. At
18 degrees angle of attack as shoWn in FIG. 12, vortex gen
erator #3 in Table 1 generates the highest vortex strength With
least recirculation region on the leeside surface.

ror image can be used as a pair to create counter-rotating

vortices to suppress boundary layer separation. The asym
metric tetrahedral vortex generators (5) of the same shape can
be used to create co-rotating vortices to suppress boundary
layer separation on external ?oWs that occur on engineered

systems such as aircraft Wings (8) (FIG. 10), boats, subma

20

TABLE 1

rines, cars, buildings, and internal ?oW ductWork. Since the
How generated acoustic noise is related to the drag level

Geometry de?nition for the tested asymmetric
tetrahedral vortex generators

(Simpson, 1989 and Lin, 2002), the loW drag tetrahedral
vortex generator Will produce less noise as vortex generators

With greater drag.

25

Design 1
Design 2
Design 3

Asymmetric tetrahedral vortex generators can be used for

supersonic ?oW conditions, e.g., for supersonic inlets ?oW

L2/L1

h1/L1

h2/L1

0.5
1
0.75

0.4
0.4
0.25

0.4
0.4
0.25

control or supersonic noZZle ?oW control in overexpanded
conditions as in take-off. The faceted surfaces can be

designed as 3D ramp ?oWs using common practice methods.
This asymmetric tetrahedral vortex generator can be designed
as a reduced radar signature/loW observability ?oW control

30

design for controlling three-dimensional separation, produc

device With faceted edges designed With angles amenable to

stealth technologies.
Asymmetric tetrahedral vortex generators can also be po si

ing a large stream-Wise circulation, and producing the loWest
35

such as coolant tubes in a radiator, as loW-loss guide ?ns to
converge and accelerate near Wall How close to the heat trans

vortex generator devices (5) may be additionally installed on
cold- or hot-plate heat exchangers (8), as shoWn in FIG. 11, to
increase the mixing rate of the How over the plate and improve
the heat transfer While minimiZing pressure drop. As a heat
transfer improving device, it also acts more ef?ciently like a

40

around the vortex generators. Designs #1 and #3 clearly shoW
lines in the Wake region of the vortex generator that are due to

the strong upWash from the vortex produced by the asymmet
45

“?n” to conduct more thermal energy from the surface With

50

fabricated With ?berglass, reinforced With rebar, and cast With

For all these three cases in FIG. 15, How separates at the

55

Invention Operation and Test Results:
60
_

h

UT

large spanWise pressure gradient and has more How direction

edge betWeen the WindWard surface (2 in FIGS. 6, 7, and 8)

concrete or it can be Welded from triangular steel plates.

r

ric tetrahedral vortex generator. There is no clear separation
line for design #2, Which may be due to the vortex being
further aWay from the Wall or due to the greater diffusion of
vortex circulation by on the leeside of vortex generator design
#2. Near-Wall How in design #1 and #2 is also subjected to a

turning.

current design is relatively simple; therefore, it can be easily
fabricated, cast or machined, and installed. For example, for
the hydraulic usage, such as controlling local scour, it can be

White pigment mixture Was brushed on the surface of the
vortex generators in order to see surface ?oW patterns on the
vortex generators While tested in an air ?oW.
FIGS. 13 and 14 shoW the oil ?oW patterns on the ?at plate

White material deposits that indicate converged separation

more surface area.

The vortex generators in the prior art description are sym
metric and generate a pair of counter-rotating vortices. In
contrast, the current loW drag asymmetric tetrahedral vortex
generator only creates one single vortex. The geometry for the

drag on the vortex generator. Using a Well knoWn surface ?oW

visualiZation technique (Tian et al., 2004), an oil How and

tioned in the vicinity of distributed heat transfer elements,

fer elements, While reducing the separation around the guide
?n to improve overall e?iciency. The asymmetric tetrahedral

Based upon the computer simulation results, three different
types of asymmetric tetrahedral vortex generators Were tested
experimentally in order to determine Which one Was the best

h

UEL- [5,72,01,11],

and side surface (4 in FIGS. 6, 7, and 8) and reattaches on the
side surface (4). The How stays attached to the WindWard
surface (2 in FIGS. 6 and 7) under the favorable pressure
gradient. FloW on the doWnstream leeWard surface (3 in
FIGS. 6 and 7) is quite different for these three different
designs as shoWn in FIG. 16. FloW separation occurs on the
leeWard side of the vortex generator #1. Design #2 shoWs a
collection of oil on the leeWard side Which is likely due to a
separation bubble. There is no separation on the leeWard

speed, turbulent boundary layer Wall friction velocity, vortex

surface of the design #3, Which produces the loWest drag on
the asymmetric tetrahedral vortex generator.
Even though the vortex generated by the asymmetric tet
rahedral vortex generator #2 has the highest circulation based

generator height, angle of attack, incoming boundary thick

on the numerical simulation result, there exists a loW speed

As shoWn in the above equation, the vortex strength T
created by a vortex generator is a function of incoming ?oW

65
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8

recirculation region behind the device Which might cause the
collection of small debris and Will certainly contribute to
drag. Therefore, With consideration of the surface ?oW pat
tern from the oil ?oW visualization and numerical simulation
results, design #3 is the best of the three, because the near
Wall How has the least variation of How direction, How is

tors, the spanWise spacing of these 2 identical vortex genera
tors up the side of the fairing is three times the maximum
Width of the vortex generator.
The asymmetric tetrahedral vortex generator parts are tri

attached on the most of the asymmetric tetrahedral vortex

and high durability. As shoWn in FIG. 18, the base plate and
the vertical plate (parts #3-1 and 3-4 in FIG. 17) are ?rst
Welded together, and then connected to the concrete rein
forced concrete structure of the appropriate fairing segment
through recess holes on the base plate. Once it’s in position,
tWo other triangular plates (parts #3 -2 and 3-4) are Welded to
the above structure. A handheld grinder is used to grind doWn

angular shapes (FIG. 17) and made of super-corrosion-resis
tant stainless steel. The ?nished plates are in excellent quality

generator surface With loW drag, and the circulation in the
Wake is relatively high, as shoWn in FIG. 12.
While only a feW speci?c designs are presented here, one
can generaliZe the design and use requirements for various

applications. First, the loW drag asymmetric vortex generator
should be located only in How regions Where there are Zero
pressure gradients or favorable or negative pres sure gradients
that Will persist doWnstream of the vortex generator for at one
vortex generator length. This results in a Well-formed vortex

the Weld beads on the edges to ensure sharp edges on the ?nal

products.
Drag Reduction and Separation Control

Without ?oW reversal. Secondly, the Side Triangular Face (4)
of the LoW Drag Asymmetric Tetrahedral Vortex Generator

Referring to FIG. 10, the loW drag tetrahedral vortex gen

erators for drag reduction, separation control, and reduced

should be at a modest angle of attack of the order of 10 to 20

degrees, as suggested by the data of FIG. 12. The height h2 of

associated acoustic noise such as on aircraft, need to With
20

stand large forces and large variation of operational tempera

this vortex generator in FIG. 7 should be of the order of the

tures. They can be constructed of composite materials using

on-coming ?oW viscous boundary layer thickness. The Width

technologies such as used in the construction of neW design

h1 in FIG. 7 should be of the order of the height h2. The length

commercial aircraft and molded into the required shape. They

ratio L2/L1 as de?ned in FIG. 7 should be betWeen 1/2 and l in
order to prevent or reduce the extent of separation on LeeWard

can be constructed of a lightWeight metal, such as has been
25

Triangular Face (3) of the LoW Drag Asymmetric Tetrahedral
Vortex Generator. When multiple vortex generators are used
next to one another, in order to prevent much ?oW interfer

ence betWeen adjacent vortex generators, the spanWise spac
ing should be at least tWice the maximum Width of the vortex
generator or tWice the length of the vortex generator times the

sine of the angle of attack, Whichever is larger.
A competent ?uid mechanics engineer using ordinary skill
Would understand the nomenclature herein (pressure gradi
ents, boundary layer thickness, angle of attack) and be able to

individual tetrahedral vortex generators that can be attached

by fasteners and/or adhesives. They may be solid pieces or
holloW as the application may require.
30

The loW drag tetrahedral vortex generators can also be
ments, such as coolant tubes in a radiator, as loW-loss guide
?ns to converge and accelerate near Wall How close to the heat
35

40

negative or positive. Taking this information into account,
along With the principles of the invention set forth herein,
siZing and placement of the respective vortex generators is
45

Countermeasures

FIG. 9 shoWs design #3 loW drag asymmetric tetrahedral
50

vortex generator should be a solid metal device for this appli
cation, since the maximum heat transfer to or from the plate or
surface is desired. In order to maximiZe the heat transfer rate,
the metal tetrahedral vortex generators should be attached to
the heat transfer surface by Welding or be machined as part of
the surface When manufactured.
While the present invention has been described herein With
respect to particular examples, variations Will occur to those

of ordinary skill in the relevant ?eld. This invention is only

tex preventing fairing around the bottom of a bridge pier that
meet the general design and use requirements mentioned
above. They are located in a How region Where the pressure
gradients are Zero or slightly favorable or negative for at least
one vortex generator length doWnstream. This results in a
Well-formed vortex Without ?oW reversal. The Side Triangu

over the plate and improve the heat transfer While minimiZing
pressure drop. As a heat transfer improving device, it also acts
more e?iciently like a “?n” to conduct more thermal energy
from the surface With more surface area. The tetrahedral

enabled.

vortex generators installed at a three-dimensional scour vor

transfer elements, While reducing the separation around the
guide ?n to improve overall e?iciency. The devices may be
additionally installed on cold- or hot-plate heat exchangers,
as shoWn in FIG. 11, to increase the mixing rate of the How

surface) and determine the locations Where the How has a Zero

or negative pressure gradient, the boundary layer thickness
along the How, and the locations and regions doWnstream of

Example Manufacturing and Installation Process for the LoW
Drag Asymmetric Tetrahedral Vortex Generators
Hydraulic Applications: Debris De?ection and Local Scour

Heat Exchange
positioned in the vicinity of distributed heat transfer ele

compute the How over a body (Fairing, Wing, heat transfer

the vortex generators Where the pressure gradient Would be

used for many decades in aircraft manufacturing, and the
shape machined into individual panels of the aircraft or into

limited solely by the folloWing claims.
The invention claimed is:

1. An asymmetric tetrahedral vortex generator for place
55

ment on a surface, comprising:

an elongated tetrahedral shape joined along sharp edges

lar Face (4) of the design #3 LoW Drag Asymmetric Tetrahe

and de?ned by four triangular sides including a base, a

dral Vortex Generator is at angle of attack of 18 degrees to the
on-coming ?oW, resulting in near maximum vortex circula

leeWard side, a WindWard side, and a side face, the over

tion, as shoWn by the data of FIG. 12. The height h2 (FIG. 7)

all proportions of the shape characterized by the values
60

of the vortex generators in FIG. 9 is about equal to the on

L2, L1, h2 and h1, Wherein L1 is an overall length of the
side face along the base, L2 is a length to a Widest

coming ?oW viscous boundary layer thickness and the Width

dimension of the base from a WindWard most aspect of

h1 in FIG. 7 is the same as the height h2. The length ratio
L2/L1 is 0.75, as in Table l, in order to prevent or reduce the

the shape, h2 is an overall height of said shape from the
base, and h1 is a Width of the base at its Widest section,

extent of separation on LeeWard Triangular Face (3) of the
LoW Drag Asymmetric Tetrahedral Vortex Generator. To pre
vent much ?oW interference betWeen adjacent vortex genera

65

Wherein a ratio of L2/ L1 is betWeen 0.5 to less than 1.0,
h1/L1 is betWeen 0.25 to 0.4, and h2/L1 is betWeen 0.25
and 0.4.
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2. A vortex generator as in claim 1, wherein:
said generator is mounted on a surface of a hydraulic struc

ture fairing element for preventing local scour, provid

ing debris de?ection, and reducing drag around said
structures and positioned at a height above a bed of a

body of Water in Which said hydraulic structure is
installed.
3. A vortex generator as in claim 1, Wherein:
said generator is mounted on an aerodynamic body surface

for reducing drag and suppressing ?oW separation, said
generator mounted a longitudinal distance upstream of
Where an adverse or positive pressure gradient occurs so

as to energiZe loW speed How in the near Wall region

thereby delaying ?oW separation and reducing drag and
associated ?oW-generated acoustic noise.
4. A vortex generator as claim 3, Wherein:
said generators are installed on said surface With faceted
edges thereof and accompanying angles selected so as to
reduce a radar signature of said generator and create a

loW observability ?oW control device.

20

5. A vortex generator as in claim 4, Wherein:
said vortex generator is installed for supersonic ?oW over

expanded conditions, surfaces of said generator acting
as 3D ?oW ramps to improve expansion performance of
noZZles such as those on tactical aircraft during takeoff.
6. A vortex generator as in claim 1, Wherein:
said generator is installed as part of an array of generators

25

for improving heat transfer inside a heat exchanger
Wherein said array increase the mixing rate of a How

through said heat exchange device.
*

*

*

*

*
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