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1 Met hod and Apparatus for Controlling the Boundary or Wal
Layer of a Continuous Medium Description Field of the Invention
The present invention relates to the field of aerohydrodynam cs and heat
and nmass trarederosson particular it relates to probl ens of PCOEPY6®BINDNG t he
wal | or boundary | ayers of continuous nmedi a gases and/or |iquids, which
nove with regard to heated or isothernal ifreely stream i ned surfaces and
surfaces of -pressure and/ or energy transfer channels, the said surfaces
bei ng heated by the said continuous nedia and especially relates to a

nmet hod acc ' t o] ' : r I.hg to
t he pr eaan‘reech cl g#ﬁi]]?ﬁﬁsm'&?t Elogcj %ﬁ‘}fﬁg&ﬁ%g‘?ﬂ?u%&éﬁ%?ﬁry or
wal | |ayers are oneWdgllhtaysm eduacComt inteussMeédilumdynani ¢ resi stance,
when .a flow runs past a surface, see f.i. Schlichting G "Theory of
Boundary Layer", Mobscow, NAUKA Publi shing House, 1974, pp. 712, as well as
the factor that determ nes the thermal resistance in the transfer of heat
fromst he heated surface to the flow core or fromthe heated flow to the
surface, past which the flow runs. In 1904 L. Prandtl suggested a
nmethod , see e.g. Prandtl L., Titiens 0."Hydro- and Aerodynamc.lI1V. 1, 2.
M, ONTI, Des8Brfiptiemntrolling the boundary |ayer by sucking off the noving
medi um particles, decelerating in the flowwall |[ayer. The essence of this

met hod is meI: knggg ang It i,s used for practical purposes in the case of
| ami nar an = tion The majority of the results obtained
in heat and mass Theapsésant rdnwestics arélatesy taete fifeldhefso-cal l ed two-
di mensi onal e?Bh&é?S&?ﬁatﬁi‘éé Ay hedgngss gma{E’Ost g?ﬂn_g@é(r,bein Eatﬁggi‘ﬁﬁféf zgd by

t he possibﬁ t{ a’an Increase, by 1.5, tines, - of eat transfer
in channel &3 BFaEPi eaqbls,e%yaf controlling the wall or boundary layers

of continuous media gases and/or liquids, which move with regard
to heated or isothermal freely streamlined surfaces and surfaces
of pressure and/or energy transfer channels, the said surfaces
being heated by the said continuocus media and especially relates
to a method according to the preamble of claim 1 and an
apparatus according to the preamble of claim 8.

It is well known that just the boundary or wall layers are
one of the main sources of the aerohydrodynamic resistance, when
a flow runs past a surface, see f£.i. Schlichting G. "Theocry of
Boundary Layer", Moscow, NAUKA Publishing House, 1974, pp. 712,
as well as the factor that determines the thermal resistance in
the transfer of heat from the heated surface to the flow core or
from the heated flow to the surface, past which the flow runs.

In 1904 L. Prandtl suggested a method , see e.g. Prandtl
L., Titiens 0."Hydro- and Aerodynamic.IIV. 1,2. M., ONTI, 1935
for controlling the boundary layer by sucking off the moving
medium particles, decelerating in the flow wall layer. The
essence of this method is well known and it is used for
practical purposes in the case of laminar and turbulent flows.

The majority of the results obtained in heat and mass
transfer intensification by means of the so-called two-
dimensional artificial surface roughness method may be
characterized by the possibility of a an increase, by 1.5 to 3
times, of the heat transfer in channels of practically any R
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shapes. And to achi eve such an int egst{i ] e heat transfer it is
required that the absol ute hei ght ¢f HAR | enents is fromO0.02 to
0.03 of the equival ent dianeter of |the F in the case when the

t wo- di mensi orwib 9pesegeect i ons are of a triangular or rectangwcaerssvame or if
they are made in the formof wire wound around the streanlined surface. The
appropriate depth for two-dinmensional crass grooves on a cylindrical

stream ined surface is from0.03 to 0.05 of the equiyval ent hydraulic

di anet er oFePREtTheRhctlarafe héaf BAEhieye FuRlia inteardfirrbton et hod
by neans othehbe&totrhmefest drralisareqhixsdlthatr e cabbsmlgitechaiglst e5f atid ve
for the tragsiy8Aksanch&fualORed sbnbyl @tcgrades of éﬂeowq%vab%@eat

carrier. wever, th se Qf this nethod involyves an essentlal | ncrease of
Che. hydr auPLemeEET sPa i SHARLExBCtE 466 YHOR | (iR CRafLBenes Sor n
channel . TPrcjestiong arerahse tefiahbeldy dravkctangsiat ahapei Srile thyn
cause, whi r ak ps f & -di kO rtifhel surface
roughness %Fh@%agofr"ﬂt%ﬁeé]&n en.s#f ?’%g?i%%&(ﬁja?ﬁgﬁ%e%.tsstgtr?g{r%?‘ﬁ?éh ener gy
transfer déWréase. The appygpriargidepth AqH swpodimensiangl soassol
?lr r angemenigricdfresNeAr 0Pl iriricalt Bereatilided shrfadodis el ol 0cd | Ui ]9

oW conpri-Si-Rg _an r n 0 c ors.to_ i e a force
on an el ectof'iogaf:?ytg%n cﬁ%le@% §&§D¥%%€§l%§8§?%né%§%hﬁ Icglanf%{?ﬁ%‘%urface
t o produce Beay 888t BREF netRIRART dnfepaificardnai reehed Wy megns0084che s
concerned wvichdimeappenal usrtailfi cialeshofaderoaghhess | i@ fEebounedatyr | ayer
naflow Qe cbhubdeaavigy dvnedeherminnda! Gehes e AAMUEt il tWeAnd
nmoving relative to a_surface, efelrn_the apparaftus conprises a )
conduct i vi (GRTRREEr | nHONRERR,, Hherd§Reff cthiMethefei Yo e snBangSaRRt dal
el ectric cumcaelsgenér ahe rigydimailic resistancEhewhilthosecedidst hecEPio A - 85
107 484 9. ciil choRNSECL iRl VnahOf! © JHASBLELAY sndddllafPdrachieat

exchange tuybe whi.ch is provi at, | east one row of projectyons
(concavi t i e ERe TRRABTARGH i £DSf MAiR caYsg . t WBECh XRRF T2 186i Fhe @R ve,
while the cafntthier teb-Gimensimmlsestidbcdil tdwefacpr ppwshiriess meehsd sfor of
STDOLR CUrUSSe 14hcdRkiPAEL Aln 110 bl GBLe HrddL2eR' hOLhdARS oulGkLL! NG t e
base. In thjs case the cross section area nonotonously creases 1 n the

di rection t‘iﬁ?ﬁﬁ?&?'t he projection apex, whereas the projection height is
fromO0.45 to 0.6 fire Fhtheps rafl ther 8 + sA sel8Sclod 4$&4 that"Hehe Praméferf the
vari ant (CifHeTRreRihgle Pbisde RDWL BB imid GNhedt OBGHLYe tube which

AVENDED SH%EIpmovided with at least one row of projections (concavities)

on the inner surface of the said tube along a spiral curve,

while the contour of the cross section of these projections
consists of smooth curves in any part of the height of the
projections, including the base. In this case the cross section
area monotonously decreases in the direction towards the
projection apex, whereas the projection height is from 0.45 to
0.6 mm. The spiral curve is selected so that the pitch of the
variant (circumferential pitch, azimuthal pitch) along the
"circumference" is 3.5 to 5 mm and that along the axis is 5 to
15 mm. However, the authors of that Patent do not indicate the
relation between the dimensions of the projections and pitches,
which characterize the location of the projections, and the
diameter of the tube and the heat carrier flow conditions.
Besides, the authors also do not indicate any radii of the
curves of the sections, at which the smooth portions of the tube

This Sheet Has Been Replaced

IR




2a "circunference" is 3.5 to 5 mmand that along the axis is 5 to 15 mm

However

, the authors of that Patenf '"ggaﬁﬁirthe rel ati on between
t he di nensions of the projections % i-thf characterize the
e_di

| ocation of the projections, and t

E@f t he] tube and t he heat

carrier flowoomds28e ons. Besi des, the authors al so do not RCTARGD3I200ENY
radii of the curves of the sections, at which the snboth portions of the

t ube

3

surface are conjugated with the surface of the projection.

At the same time it is known from Kahnin E.K., Draitser
G.A., Yarko S.A. "Intensification of Heat Transfer in Channels",
Moscow, MACHINOSTROYENIE Publ. House, 1981, pp. 206 that these
curve radii determine the hydraulic resistance value and, hence,
the heat and physical effectiveness.

In the PCT/RU 92 00 106 which publication is incorporated
here by reference a streamlined surface containing very
specially shaped dimples is defined by means of a detailed
equation f£illing at least one and a half printed page of the
application documents. In this equation at least eight
different variables are mentioned for defining a static surface
shape, especially no hint is given for a dependence of the
streaming medium on a velocity thereof.

It is an object of the present invention to provide a
method and an apparatus for providing control of the boundary
layer or the wall layer of a continucus medium comprising
gases, liquids and/or mixtures thereof, for changing the flow
structure, the turbulence level, the transfer of the impulse,
the transfer of heat and/or admixtures in said layers.which
method is simply to apply and which apparatus is adapted to
take advantage of a reduced hydraulic resistance, an increased
heat and impulse transfer and may accordingly be used in a
huge variety of technical applications.

A further object of the invention is to avoid any
complicated explicitly defined suxrface shapes but to give a very
easy and basic teaching about the generation of secondary
tornado-like vortices having a nonzero helicity v'rot(wv) = 0.

The above objects are obtained by a method and an
apparatus according to claims 1 and 8.

Furthermore, it has to be noted that the inventors have
found a very fundamental solution for the generation of
secondary tornado-like vortices as function of the speed of the
streaming medium, which solution may be realized by a plurality
of different physical forces and influences, whereas the
subclaims wmainly are specifying a collection of preferred
embodiments. The fundamental sclution is directed to the flow

This Sheet Has Been Replac

[T




AVENDED SHEET 3 surface are
conjugated with the surface of the projection. At the sane tine it
is knowmn fromKahnin E.K., Draitser GA , Yarko S.A "Intensification of
Heat Transfer in Channels", Mscow, MACH NOSTROYEN E Publ . House, 1981, pp.
206 that theswosnndse radii determ ne the hydraulic resi st aRCEEP08280 and,
hence, the heat and physical effectiveness. In the PCT/RU 92 00 106
whi ch publication is incorporated here by reference a streanlined surface
contai ning very specially shaped dinples is defined by nmeans of a detailed
equat i on fﬁqqqqﬁ}?§t1F§8§¥ o@ﬁP%ﬁﬂ?L&YhéPftkﬂ|§ﬂW§Ha§a§E *f FarenEFEYi cati on
docunent s.tdyndda-d ikguabroiiced Haadsh ai ghizakd helepityavirebl(es are and,
nentioned f{ g S [ fs S IS given
for a depen eng'lT hgh'?heggt%%%rr%l%& %lﬁ‘t%?n %ﬁ%e ?IBSEWHE% &%}‘?‘Jﬂgl It
i s an obj cktadiiing&her ézvpRtion chaldnneh ?ﬁ(%hm$§e§ h¥t aeY HRFiBStappar at us
for provi diéxi seOir phrefbri-be ambtiiiaient!. ayer or the wall Iayer of a

cont i nuous nEdIugk&%ruc%SIQgtgﬁﬁ'%ﬁrlI nd/gr ?%é #é h%&g for

changing the flo ure a enc Ievel eFL8F the
i mpul se, t$krugtursf andsr hbat inFlrenceaafi &xiﬁe&m‘tnpbzsucwambm%h met hod

is sinply i9 gbpdn be1dwebhasliaPPal ddore decatiBpted to take advantage of a
reduced hydraulic resistance, an increased heat and inpul se transfer and

may accor di ngl be used |n a huge varlety of technical applications.
A further BRiS Fenips] SR{ L2 QXRWIgdByoi d any conplicated explicitly
defined surface smﬁpeavantlbﬂ mg&mﬂaﬁyhemeﬁud Rasefrd®asiboadmaheyt the

gener at ! on.gl: SEFAARY, L8R0A0Gd 48y V%E'g%wm%gqgg qeboeiy hel i ity

vret tv) s are o od and an
appar at us @ewwwq énc Fanaﬁnqtmm vetll the attachegy fiﬁewm% wheredss to be
not ed t hat it hgsignesnt ans have found a very fundanental solution for the

gener ati on of secandary Ler0ages L ki LOULLESS B AWICLLARISY ik speed of

the stream ng
single dimple, especially it is shown in

Fig. la: a photography and a drawing of a symmetric vortex
structure within the 1aminar.regime of the flow,

Fig. lb: a photography of an asymmetric vortex structure
within the turbulent regime of the flow,

Fig. lc: a drawing of the vortex structure depicted in Fig.
1b,

Fig. 2: the visualization of a flow structure of flow
running past a lattice of dimples,

Fig. 3: a cross section extending through a plane defined
by the average velocity vector and the normal to the surface
in a first, more general inventive embodiment showing also the
spatial repetition of the influence along the wall flow
direction Af.

Fig. 4: an elevated view on the surface and the sources of
Fig. 3,

Figs. 5 to 8: drawings of conductors for the generation of
electric and magnetic fields in the vicinity of the surface,

Figs. 9 and 10: elevational views on the surface containing
as sources of influence deformable surface elements comprising
membranes,

Fig. 11: a cross section through a surface containing as



medi um whi ch solution may be realized by a plurality of different physical
forces and influences, whereas the subclainms mainly are specifying a

col l ection of preferred enbodi nents. The fundanental solution is directed
to the flow AVENDED SHEET

4 structurewbtosed2By especially to the generation of secormavgpes/asesvado-| i ke
vortices having a nonzero helicity v rot(v) # 0 and, consequently, in the
broad sense of the underlying technical 3eaching the invention shall not be
limted by any distinct device or preferred enbodi nment. Mor eover, a
conpl et e tBEIFEN§EhRLLuener dihroushshelesy fny dadertinmdand wekingl uence of
di-fferent gty Sfcplarest ofi €ke | Bl@iingNméeiwyyst anding in nore det ail. Bri ef

Description h dr ention to et her sever al
preferred errg{)(?I rrentsg%/q\nglnﬁy%rmb T éﬂrlsﬁﬁéer%% 536G 6 %@° t5hafhg

det ai | ed des@n prveRtive cewiang |30|4an?1?@41¥?§% Facﬁeﬂrmla\mmg§uwﬁece| it
is shown ids fundtiign &£ the w@tﬂ Qﬂeoitﬁaadﬁl’nbeiﬁanuﬁJ ow runni ng past a

singl e dinpl speci y a_phot a
drawi ng of ae%lcﬁ Iq‘t%rl gh%o? ‘ﬁt rcEc urléga\}\ﬁl?%l r?%tsurefiaﬁ? nar G %&%ﬁSXSFQt he
flow, %. tl‘}eb suxfgresogf a%#gm@f 13naas{wratidane oforhext iy meeom t hin
the turbul gnd dipeiate eblhbevd |Withe sEr@amity madia ng of the vortex
structure depicted in Fig. Ib, Fig. 2. the visualization of a flow
structure of flow runni ng past a Iattlce of dinples, Fig. 3. a cross
section exReiriled Dessyiptionl ofdheepraferrsd Aubodimenye vel ocity vector
and the nornal tmﬂﬁmgauﬁta@@e lﬁbl@wfstaﬁamgrmﬁcﬂ@aebﬁl bcbm/ejweuelea’@eﬂs ment
STO D9 2 2 LG RARY VeBRSHL! Hbrths! iadi Yl (R1 B0 ! | 1T OV
average values of the respective physical entity. Furthermore,

the following definitions are given for the sake of clarity and

for a better understanding of the underlying inventive concepts.

efinitions of i oxrtant E essions:

Surface (1) in the inventive embodlments may be the inner
or the outer surface of any closed or opened vessel, especially
the inner surface of any pipe or container surrounding flowing
gases, liquids and/or their mixtures or any of the outer
surfaces of a plane, ship or automotive vehicle.

Particles in the inventive embodiments may be the
elementary (small) volumes (parts, portions) of the continuous
medium flow or may be solid particles streaming within the
gases, liquids and/or their mixtures.

Near-wall flow of the continuous medium is the flow of the
continuous medium in direct neighbourhood (nearness) of the
streamlined wall (surface).

Wall region is a spatial region near the surface (1) in
which the flow of the continuous medium is influenced by the
presence of the surface (1}.

. Boundary laver thickness & is a distance along the normal
from the streamlined wall surface whereby on said distance the

} flow velocity reaches the value 0,99 of the external potential
flow velocity (reference is made to the work of Schlichting G.
"Theory of Boundary Layer", Moscow, NAUKA Publishing House,



Fig. 4. an elevated view on the surface and the sources of Fig- 3, Fi gs.
5 to 8: drawi ngs of conductors for the generation of electric and magnetic
fields in the vicinity of the surface, Figs. 9 and 10: el evati onal

views on the surface containing as sources of influence defornable surface

el ement s conmwo si/oaggonenbr anes, Fig. 11: a cross secti ORCI/RP®H3I00a
surface containing as 5 source

of influence through hol es for injectingéand sucking off of parts of the
fl owi ng nedi um % t he hydraulic resistance nmeasured as

cd- coeffi c?-%?ﬁ G- ar7:'1 nVéﬁFPv@%‘f%@nyFnlW a&6H PerelpMYor art
surface 4 asféxmmtd)on of the speed of the stream ng nedi um Fig. 13: the

hydraulic resi Sﬁ@%ﬂ@?ﬁsH@gaﬁfggChl%i:%k%f@h@%:%@%g?&réﬁ%lo sfigure
12 as functjon © ﬂ Ssuriace Ve tream ng
medi um  BRE &P BF GUPREPBRE oFhae Ly FEPEF rIRFERFo dFRBNER the

Thr oughout péhﬂnémém\mﬂ aad.ldngrdsscmm beed d)gedditRAt$nar®. i"Mieosts/i NQg

vectors, ﬁngfr v o e _respective
physi cal enfe' 1?81?11 ﬁ"ea rmré ﬁ%;%&%{ ovm ngﬁfzg%}%‘%%y?ﬁgggf eIgg]?{/e for the
sake of clai?ty and for a better understandlng of the underlying inventive
concepts.  Def i ghdiOitserdistiigna ﬁg@lﬁxg@&ﬁsm& of the febbag£l 1 11owikhe

o opened SBSoartalice I 38 WS fifor ok aEaliding ol 68 Chediipial 00
sur r oundi nghan@w% §’31I°Fé|EYds and/or their mxtures or any of the

outer surfaces Rferaqd aligstaskieps oaltmg aMet hoemahfdee the str&ailirdaes in

t he i nvent e (

portions) gﬁ% hgggfo&h in Igruersaa)r%gﬁ oﬁ%gr%ﬂgaégﬁéef%%} [ 3? \éar %es&%{ ream ng
Wi t hi n t het§gseininymg and maxdmym tih%#afnqﬁsm&%g the noxmaeadr fvem|the #@ldf t he
conti nuous teedhenpast idle froingl aldwy chel icaroed tedjddudxy.di r ect

nei ghbour hood (nearness) of the streanlined wall (surface). Val |
region is a spatlal regl on near the surface (1) in which the flow of the
conti nuous Y $dc&4PBGEE he presence of the surface (1).

Boundary | ayer t hlrmmemgs aﬁn |mpardaﬁt aEpect| ofigchdepreaiene| intemtidrhds

Strean | nedngablosith 356 LRI Bino elbShabhsa it ok A xséaﬁ ‘or

reaches the va e exte otentl a vel
i s made tocpﬁﬁrﬁb}kn%ftgﬁﬂﬂl ﬁﬁ {951 tance, heat and mass trans

processes, boiling, deposition of admixtures in the boundary or
wall layers of the flows of gases, liquids or their two-phase
and multicomponent mixtures moving at preferably no pressure or
in pressure channels by initiating the formation of largescale
vortex structures and by directing their development due to
varicus power influences: pressure forces, originating due to
deformation (static or nonstationary ) of the surface, past
which the flow runs, electric and magnetic fields of alternating
directions concentrated in the wall zone of the flow, injection
of the continuous medium and its sucking off.

The set task is solved by influencing the continuous
medium flow with a field of forces at least in the wall region
of the flow within a range of distances yn along the normal from
the streamlined surface, the said range being from 0.005 to 0.3
of the thickness & of the boundary layer, or equivalent
hydraulic diameter of the pressure channel, or characteristic
hydraulic dimension of the wall flow; the said influence is used
to cause the velocity vectors of the continuous medium particles



"Theory of Boundary Layer", Mbscow, NAUKA Publishi ng House,

6 1974, pp. 712 which publication is incorporated herein by reference).
Eaui val ent hydraulic dianeter of the pressure channel is the ratio of
guadrupl e channel cross section area to the perineter of said cross
section, seewalwmsBehl i chting G "Theory of Boundary LayerBcrimgsnue NAUKA

Publ i shi ng House, 1974, pp. 712. Characteristic hydraulic dinension of
the near-wall flowis the distance in tte wall region corresponding to the
essential change of flow velaqcity. Aver age di stance_ S al ong the nor nal

fromthe $Cr E¥FRi ALtEXRATSLYo iPhEPRER \RRAAEaiBcE bRy Wrougs pasieRle s the
hal f sum aof, oheon? n$ neadiaid witki fFegard SHcanhes satreagl ided Bar-fate f4@dn t he
wall to t ey V] ong_t v | € ry. -~ _Updes!ying
Physi cal %E’Sgg?gbﬁ tai¥® lfor r%@r?é gﬁ ?‘?rlp%ﬁsq% r%{slgiéc%&ggfe%t ﬁe_ppégﬁep ©

i nventi on 8- ¥RE1PROEP chivflefife andyvEiSptetithoregardiivodhendinncabprarat us
for contradtiien biethydi£lll iflowesESthe Ceondigabusngediift ahdnshethid ocesses,
P01 11 N0, dRRASEHLOBOLL AY Helths. kheeh 10 13080 Unilchel RYBLRLP! 1 De
flows of gases, liquids or_ their two-phase and nulticonponent m Xtures
novi ng at PEEREMEB| Fadiupfess QEcthe trrifctezire ehdhfeconbinuans inading t he
1; or mlat | on pardianges cahicly iree underuther fif laticByofli fiectiiRy dt BEI Eorces

evel oprenj. varj ous rsl : e riglinating
due o dory e %ﬁeg%ia%’c°%?&%oﬁs?%%#%%%?ﬂ}%t%?é%E%P%%S%h%cif?ﬂas = whi ch
the flow rkReR 2elteciPi _RVEFREEHSERNESP| | alongr theteeFRal fFom teeti ons
concent r atsthdamliihedwehll zeh ek culteed! Ovajddtjoeot 6Held dali@ ie@at i nuous

medi um ang_, uckin . t.ta | vied i,9f L uenci ng

t he conti ﬂfj%ehliea%eg%mg?ﬁé%‘% Ife}?eé: l]r' ;gﬁdéf(;ft o?‘gg%&%f?g% elasst)‘tﬂ%n (? h 8v\g(f)l

regi on of Yhalidngyvtiet directiam@d Shedvalhfdey prdarbnglk ke A8in¥lt fromthe
stream i netbdysf akR, gibecsabdl JRtte RELDNUEIdwMEBe 0BSpd©itlon @himkhe

L ckness hefad Bl UopBoU RS oSl D e dhateter o

fl ow, the %aim thef boundary soxserllt dayayse ant thdsoprevyidasciforstbe t he

cont i NUOUSESEEHHABNP3Ft EELE&8Sdary tornado-like vortex flows that create the
structure of the boundary or wall layer, determining the level
of intensity, of transfer of the impulse, heat and admixtures.

The set problem can also be solved by correlating the

repeated influences on the wall flow in time inside the flow
region by size L= (15 to 150)yn along the direction of the wall
flow and by size LL = (5 to 50) yn across the wall layer.
As it is known, the state of the boundary layer or wall layer of
the continuous medium is characterized by a velocity field v in
these layers, by Reynolds stresses v/,v’;, turbulent flows of the
admixture v’;c’ and heat v;'T where, as usual ¥ is the wvelocity
vector averaged by some time interval, v,’ is the pulsation of
the i wvelocity component, ¢’, T’~- are the pulsations of
the admixture and heat, accordingly, the underlining of the
products of the pulsation values indicates averaging in time.

The dynamics of values v’;, w/i,v;', ¥,'T’, (¥.! c¢’) is described

. by the appropriate equations, which determine the variation of
these values along the lines, which are tangent to the averaged
velocity field, for more details see: Belov I.A., Kudryavtsev
N.A. "Heat Transfer and Resistance of Tube Banks". Leningrad,
ENERGOATOMIZDAT Publishing House, Leningrad Department, 1987, P.



7 to turn alternately in space and/or in time through angles [err] = 0,02
to 0.5 radian with regard to the streanlined surface and away fromthis
surface, as well as through angles [err] = 0.02 to 0.3 radian to the left
and right with regard to the direction of notion of the wall flow of the
continuous newibemodzend in this case the intensity of the i wthmessms200s such
that the mninmumcurvature radius R[err] of the trajectories of the
continuous medi um particles, which are uéider the influence of the field of
forces within the range of the indicated dj stances fromthe wall, is from?2
to 30 aver4ige it &ﬁegsnSSa% ngpish @URGEFRFLIN GhR ERECTPPEAAS MY wal | to the
curved tr arefidremnyecf The lpaimltnéms vihetbese té@a&[iahsallre@.ettletmsnwhich he

| nfluence bfdiof el d1t8c80n Yk HRNGabif o O LARuQL LB vall flow and

[err]= (1o 10) yn across t rection oW tte repetition
ti-me T bei¥hgTfrofifs R P HadilercBeyyeld %lﬁFF&éEeEya‘i%é‘eé\Feﬁ&’gﬁ velocity v
i n the boumstssyatdionnalelmbayeksressedl by shermsodies: bdr thése falieki and of

bocotantY i MAval (G kOPE Sl AR pel S0, MIRROLLUBIY $07knk

boundary or erm nin I ntens  transfer of
t he i npul s@oomab;ﬁd ad@hexEWFROE the avew%ételeséweww dn¥elpessol ved

by correl ain nghihavayepeahatige ndt Uiy Reyasldd estrrissetl Qﬁ\dlﬁbaiﬂ Fuknsi de the

L an 1o OBeflidlith lripl 15710 i Shong L Al ekl o pTke vl | 1 ow

and by siz N across I s known,
the state %‘Pn‘ilﬁé"%’fﬁj MESE B?EFJ-‘&G \famanef:a?@r' drhe Hé‘eééﬁ?l%t?@lﬁedl umis
characteri zeﬂnsb,y vher@laeCichygiti shifmaryt AnEhasncd arerhe bBirReyitnl @ Stresses
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direction of the wall flow involve a transfer of the pulse

across the said flow and perpendicular with regard to the normal

to the surface, past which the flow runs.

The turns of the velocity vectors have an influence on the
shift of the averaged velocity, i.e. on the derivatives of the
absolute averaged velocity value with regard to the directions,
which are perpendicular to the averaged velocity vectors. The
changed Reynolds stresses also involve changes of the
derivatives of the wvelocity components with regard to the
coordinates. These factors, along with the extension of the
tubes of flow under conditions of a three-dimensional change of
the averaged velocity, result in the formation of various vortex
structures, including tornado-like ones. The vortex structures
in their turn influence the transfer of the pulse, heat and
admixtures.

The distance yn from the wall , within which the field of
forces exercises its influence on the continuous medium flow and



predict the direction of the variation of values [err] [er]T, are the
so-cal l ed Reynol ds stresses and heat flux generation terns, expressed by

t he product of these values and the derivatives of the averaged velocity
with respect to the coordinates. The turn of the averaged velocity vector
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field alternating in space and/or in time or jolntly by a
magnetic field and an electric field, concentrated in the wall
region within a range of distances yn = (0.005 -. 0.3) 5.

The influence on the flow may be accomplished by the shape
of the streamlined surface alternating as deformable membranes,
which are held at the circumference thereof, in space and/or in
time, whereby pressure gradients are generated, which undergo
changes in value and direction.

The flow may be influenced by blowing the continucus medium
in and by sucking it off altermately in space and/or in time in
various sections of the surface, past which the flow runs.

For a better understanding of the essence of the invention
it is recommended to refer to the attached drawings.

Given in Fig. 3 is the diagrammatic representation of the
wall flow region with an indication of the wvelocity profile of
v, the trajectory A of the continuous medium particle, the range



al so achi eved by repeated influences on the wall flow correlated in tine.
The trace of the influence on the wall flow has an extension of the
hydrodynam ¢ | ength scale to approx. 20 yn. In this case a nonnobnot onous
behavi our of the turbulent flows of the pul se, heat or adm xtures nay be
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generation of electric and magnetic forces as well known for a

person skilled in the art. Further connections to a control
system, especially a computerized control system are left out
for the sake of clarity.

Shown in Figs 9 and 10 are the diagrammatic representations
of regions C of streamlined surface B, the shape of which
alternates in space and/or in time. The surfaces C may be
including elastic membranes which are sealedly held at the
circumference thereof and energized by a pressure transmitting
fluid on the other side of the surface 1. The pressure of the
fluid may be controlled for all of the membranes or separately
by means well known for a person skilled in the art.

Given in Fig.1ll is the diagrammatic representation of
streamlin=d surface B with holes D for blowing in of the
continuous medium and holes E for sucking off this medium.



flow [err]. Contained in Figs 5 6, 7 and 8 are the diagrammtic
representations of conductors a, b, ¢, d, e, f, g, h, which are the sources
of magnetic and/or electric fields, the values of currents 11, 12 and I3 in
conductors a, b, and d accordingly. The conductors a, b, ¢, d, e, f, g, h,
bei ng ener gi wed7ha2B0o t he generation of electric and nagnet irCTEPOE3000S Wel |
known for a person skilled in the art. Further connections to a control
system especially a conputerized control systemare |left out for the sake
of clarity. Shown in Figs 9 and 10 are the di agrammatic
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di stances fhowl] Vided fay tich@oRvet agtfross the direction of flow, time
repetition T is from 3 to 30 distances yn divided by the average
velocity v in the boundary or wall layexs, and this provides for
the formation of secondary tornado-like vortex flows, which form
the structure of the boundary or wall layer, and this structure
determines the level of turbulence, transfer of the pulse, heat
and admixtures. The created three-dimensional tornado-like
structures are characterized by the nonzero helicity v'xot v # 0.

In accordance with the modern knowledge, see f£.i. Levich

E., Shtilman L., Tur A.V. , "The Origin of Cocherence in
Hydrodynamical Turbulence.® Physici A 176 , Tg,9I, P. 241 -29¢,
or Belyan A.V., Moiseev S. S., Chkhetiani 0. G. "About Turbulent
Viscosity in Helicity Turbulence". Reports of Academy of
Sciences (Russia), 1994, v. 334, pp. 44-46, the vortex flow
regions with the nonzero heliéity, such as, for example,




velocity y in the boundary or wall layers, and this provides for the
formati on of secondary tornado-like vortex flows, which formthe structure
of the boundary or wall layer, and this structure determ nes the |evel of
turbul ence, transfer of the pulse, heat and adm xtures. The created
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from 0.005 (£0; Shd [S¥ 'he concavity (convexity) is from 0.005 to 0.3 3,
the minimum curvature radius R, of the concavity (convexity) in
its main part is from 0. 1 to 1.0 6.

The influence on the flows accomplished by movable

membranes secured at the perimeters of holes of this or that
shape (the diagrammatic representation of membrane C is shown in
Figs 7 and 8). In the given case the diameter of the holes is
from 0.01 to 0.6 &, whereas the displacement of the central part
of the membrane is from 0.005 to 0.3 3.

The influence is accomplished by blowing the continuous
medium in the holes and by sucking it off through the holes. 1In
this case the hole diameter is from 0.005 to 0.1 6, and the
holes are arranged at a pitch of 2 to 10 hole diameters, whereas
the velocity vector of the blown in or sucked off continuous




The influence is acconplished by blow ng the continuous nmediumin the hol es
and by sucking it off through the holes. In this case the hole dianeter is
fromO0.005 to 0.1 [err], and the holes are arranged at a pitch of 2 to 10
hol e di ameters, whereas the velocity vector of the blown in or sucked off
conti NnUOUS w0 97/04280 13 necEERsH30005 an
angle to the streamined surface equal to a value of 0.1 to 1.0 radian.

The operation of the devices, provided w3z h concavities, convexities,
menbranes, blowi ng in and sucking off holes, is obvious. As the flow runs
past the ceediun ticxms aonasglei s theessranntingd|surfagef paval dfo pressure
gr.adi ents {S1dorded andot hepersipghh ents cause the vectors of the continuous
medi um particl e, velocities to.turn in.the wall reqgion of the flow.in
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the flow, BRECHER Dt the aboye-4e5HiP8ABEFR22 of influence shoul d be
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surface, s@efineéd £ Ofetdia 1@ kBe claimdBased on the obtained results the
i ntensity of thgo ' '

enpl oyed fields, _i.e. .the strength of e i.hduced f.or ces
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t he secondPax8iclestesatnsvisdinaphecflovanad Rany eflakce as defined in

the claims. Thags 8igét th Aoddapheds SDHERRMdE¥hEal @bai lrdcetepii Sige
vicinity of or in the surface 1; and testing of the flow
structure provides information of the directional change of the
velocity vector v, i.e. also of the average velocity vector ¥,
and is providing information about the distribution of angles of
the velocity of the flow in the direction of the normal and in a

Plane extending parallel to the surface, see £.i. Figs. la to
1b.

Based on the obtained results the intensity of the employed
fields, i.e. the strength of the induced forces or the depth of
deformation, may be amended, essentially in view of a
distribution in the direction of the normal to the surface 1.

Based on the measured lateral distribution of flow velocity
vectors essentially the lateral dimensions of the first source 2
the influence may be adapted to the claimed definitionms.

After optimization of the first source 2 the second and
further sources may be located at a distance as defined in the
claims. Thus a grid of adapted sources may be obtained stepwise



14 for substantially any surfaces of any shape and for basically al
technically rel evant devices, see e.g. Fig 2 for an enbodi nent of such a
grid. Additionally, the sources 2 nmay be randomy or statistically.
distributed within the defined ranges specified in the clains. It is
obvi ous, f.i.wowm7case of the body of a ship, in case of thecwarmrgs/ssdooa pl ane
or a body of a vehicle, that there are different |ocal velocities at

di fferent places. Consequently, the resul4ing positions of the sources 2-
will vary in accordance. For cl osed vessels a transparent prototype

model nay BE¥USRRSTRRGIREY 2aPHeSUBEReY &EuRPE HhARE Rocdhéoyekavicalise f .

Furt her nor alli technigaliy weflevant hdewixea sketdsg) IRi@NRI @drngh only to use
a field of [ e.plkace . p ' i.stances f.or the
respectiveeggaggﬁé?gﬁég a'5€%,gghﬁ-t§“§255§§e£§§r§§%%§§39?§%|§ ﬁéygﬁhrces
2. e.g. magABEPBRLYOPY Stafisticpdlpodishyibutplavihins fheadefinedrrandesns by
menbr anes, spadifiefoin StHedrcliadmgct i Nng and sucking of f, which are not al
energi zed at thecsa e, . By omtt] he e ' iQn_o he respective
m spl aced sour ceéézgfgtéﬂl";s%ﬁlgés?bpé %%n%ostnet r%gl Q?%gﬁd;?cﬁ% Fn%P%%hc’én aﬁoass(? for
di fferent P& 5BFt VeRY ¢hdpadangePy. @ body ofyat Hebigltse fhrtetBabod RNt s are
based on adﬁﬁﬁ&uéﬂtil@@hb%ﬁ&ﬁtsgstmcﬁrﬂif fepgnt ®ldbest tbﬁgé@ﬂdra@ﬁy,a ship
controllin he . LNj ' CLkO LN ter. in adapted regions,
whi ch bodng% ggnggﬁééféhéquﬁgé %gvgh J?%%g%ga%ap édvé cttodes or surface
def or mat i o@§cordance. ot the outer surface of a plane entrance and outl et

ports Faé be usedo@ScrosEd Bfestlelisnkl tlﬂﬁ@a%hﬁhpﬁdi@éﬂi&ﬁ’lﬁghéﬂ whj I‘béd he
several disginct pl st a 0 tur:bi nes_.and may ,be _enploye

separ at el y%‘(‘iare r&i %océﬁgl #{Elte‘?%en a\%%t% i %ﬁ%%sd_%gwgc%ﬁ%e St fLSﬁg?%’ . Some
results for a spEerahermezs iife isnbpimgevithinythe seape ofofhei §svartiond 13.

Fig. 12 sheist bheycdocasé fd gield CESsSeiidedl Rywhidkatty @leedt Ae Hpyélraulic
resitance) .Qf anckguegl Lye s fage. as éég%tatgeeos t é@%@ﬁ gLo-gLJ,e but
stream ng rrec? umin conparl son tQ a_priLo ar sur?ace. ot sur apes wer e
i nt r oduced SnM§ea 3WWREY t 3RS Fd i ReCE BRFELPI 81 ehitd wiggnetic coils,

15 electric potential plates, surface deformations by membranes,
and/or ports for injecting and sucking off, which are not all
energized at the same time. By omitting the energization of the
respective misplaced sources 2 it is possible to control the
local influence also for different velocities, respectively.

Further inventive embodiments are based on a computerized
control system employed e.g. at the body of a ship controlling
the injection and suction of cooling water in adapted regions,
which body of said ship also may have further adapted electrodes
or surface deformations.

At the outer surface of a plane entrance and outlet ports
may be used as sources of influence which are connected with the
several distinct pressure stages of the turbines and may be
employed separately or in combination with adapted surface
deformations.

Some results for a special inventive embodiment may be
seen from Figs 12 and 13. Fig. 12 shows the cd-coefficien
(essentially a measure for the hydraulic resitance) of an
inventive surface as function of the speed of the streaming
medium in comparison to a prior art surface. Both surfaces were
introduced into a wind tunnel and the cd-coefficient was



measured as comonly known to a person skilled in the art. The inventive

surface was containing spherical indentations, i.e. concavities having a
maxi nrum depth relative to the plane surface of about 0.5 nm a radius of
about 4,5 mmand a | ongitudinal spacing, i.e. a spacing in stream ng

di rection, ofwaimoda2so2. 0 mm bet ween the edges of the indentetipreso3oever al
rows of indetations were placed beneath each other in a staggered array
with a spacing of the rows relative to eeh other of coarsely about 9,5 mm
The speed of the stream ng nmedium which nediumin this case was air, is

gi ven as nBeASWKRDAS JBMCplyskpewth Gt ac RRTSRD sﬁéfé#l?ﬁa%nt‘memm:raﬂhec

resi st anceinbestive shrffeicet s phomeapiing’ sphériddlf dadehtafDdres t Rae about 15

% hi gher tggﬂcé‘b%{eeglﬁ%g%e O%a:? edt%ﬁ Iﬁ?+§tq%eh)édrgﬁet$ reS| st g%% '?Le

the inventrvée su uence
i nventive effaleut He I Mienti vadiyy fef absig ¢he v ia9d ar 1omtﬂa1:1@a@,ere

Itl lted rel apa¥tngp 1he. Wepdchhgt e readihgodiistividn, Asr'emﬁm ed ot lb@ |
owest res 1 arne atilt angl e
of zero debgégggﬁhtﬂ% edéet%hm%% %lfrir% %gfgefegtgg sﬁ; V&S‘,eq%& !ﬁ?egl where the

medi um was 1§€1¢‘éam%s aerenplaceg peneatleleach etker dnf acé§a99qr%d &Ry may
b;afseen th?tthhs SPAEIH \6F lt]?GUQ?WQF!rélfattlhvem{‘JUﬁgéﬁﬂ lo@hé@isbﬁt@cﬁlﬁ%l diy b

e ective e a e it | C Tl ang S ,al SO. e

cal led t he®8% “?eém %f‘“‘ét ?%1&% el bz MM St Stregming medtl R meaily 18 1o
for contr oIthFﬁgcﬁﬁ% ‘ﬁﬁlrﬁa‘&"rylﬁagéve@raﬂ H@Ohawmb%%y-eﬁ'oéff 0a78 dfadmudusanedi um

consi sti ngvef sgaficchat ithe diydzadioc Fdsistafickt Of efurve 4heoyi ehdiglanaf a
surface (1@> g_?%a%g?g?&{?a%hgsf g\ﬁg/?séﬂé}gta%r St ié'@lﬂ:.%&l:ﬁgeltht ransfer of

the inmpuls Teat oradmxrured b enci ng of the flow
and changi Fgsaptanee \Rf gminviees ol - & hethe hydnanlic rﬁaﬁlﬁﬂﬁﬁpaﬁw e and
causi ng thanﬁreﬁm{reogu@fa&@r nado-1i ke vortex fI ow wherein t he

conti nuous nedi umr(f)I %vb %Hen]flhg %?ge bc}'f % Ell rg)%]hf %Bcgﬁe re(e)m”t | .n its

wal | region within a range o ances e “normal -
surface (1pffect the 1nvent1ve surface an the prlor art surface were

tilted relative to the speed of the streaming wmedium. As
expected the lowest resistance, i.e. lowest cd-coefficient was
obtained for a tilt angle of zero degrees which is the same case
as shown in figure 12 where the medium was streaming essentially
parallel to the surfaces. It clearly may be seen that the
inventive reduction of the hydraulic resistance is effective for
a wide range of tilt angles which tilt angles also may be called
the angles of attack.



a turn of the velocity vectors of the.conti-nuous nedi um particles is caused
repeatedly in space and/or in tinme by said |an uence dsai d forces

said influence is causing said turn in &b ee §[err] - 0.02to
0.5 radian alternately towards the surfac nit away and in a
range of anghas9o#bezs00. 02 to 0.3 radi an aI he let/kpmnskobo t he
right wwth regard to the direction of the vel ocrty vectors of the

continuous medi um particles of the near-all flow, characterized in that
sai d range yn being from 0-005 to- O 3 ti mas "t he boundary.-layer thickness

[err], or the equivalent h r of the pregsTHIS SHERTHAS BEEN { he
characteristic hydraulic i‘“ﬂ B near wal | fl qW, REPLS[@E@ angl 3

[err] bei r‘@lg)ﬁ,tg/veen [err] r*adl an; ard—angte—ter+—bef ng
between [err] = 002t003rad|an t he |ntensity of said influence or

the strength of said forces is such that the mni mum curvature radius
Rlerr], of the tr.ajechodyfof ¢dreerdldingf thailbwpedaxycleger oif the #ald 30

aver age di famceosf % %'oﬁegnﬁ&?s W{?é’di%'m beAR Lbeng (e qakBet MRlilast Anb ey

curved traj €ctor

éé"i?r‘r’é'eﬁr BOF]FF‘ o‘f""c%tkfef’gv\%t%ar?& fl&4t e chapging) bhep)
| s/ are val flow structurehetuepbonlaice dpeell | tramdfexaiod thél imndsehei ng [err]

= (3 to 30) ynsal,ong Hagcdhhgpsd g&ang&thbss bl rrﬂle\aneeﬂg[@%rdheh £idut 0 10)

yn perpendrc ar to the directio

repetiti onarfdb"'et'l‘?ﬂ?%ﬁ 3tpg wlegitdes; ﬁémg‘%t%ﬁfttéémﬂ'}sd‘?‘%‘?’dﬁ‘b by t he

average vepartigles.n the boundary or wall layers, ' 2.
Met hod as cl ai meg, 40 a3 Bbds 18 terized in that said tornado i ke
vortex flows are secon ar{/1 torna |ke vortex_fl ows having a _nonzero

helicity v rot (V2§ &9atiguous “‘edlu“B 1gw: ARG YanGete Y & Brsdidef,
characteri ietlcesl dthdieastt Haasdts awap]e]r tregh.oaawzlthm |lauematige oo t&nesumlclesf low is

acconpl i sh | é"s‘iﬁ%&b@g iy space and/or in tinme, said
field bein conc tratgﬁrnﬁ'ﬁ re ar 4. Methad according to

o) )
claim 1. charact$®?}9 JR09% yﬁapegtxg from 005 to 0.3 times the boundary
layer thickness §, or the equivalent hydraulic diameter of the

pressure channel, or the characteristic hydraulic dimension of
the near-wall flow;

a turn of the velocity vectors of the continuous medium
particles is caused repeatedly in space and/or in time by said
influence of said forces

said influence is causing said turn in a range of angles
@ = 0.02 to 0.5 radian alternately towards the surface (1) and
from it away and in a range of angles f = 0.02 to 0.3 radian
alternately to the left and to the right with regard to the
direction of the velocity vectors of the continuous medium
particles of the near-wall flow, and

the intensity of said influence or the strength of said
forces is such that the minimum curvature radius R,,, of the
trajectory of the flow of said particles is from 2 to 30 average
distances S along the normal from the streamlined wall to the
curved trajectory of the particle,

whereas one or both of the belowstanding features a)
and/or b) is/are valid

a) the spatial repetition of said influence being X“ = (3



| east a part of said influence on the wall layer is acconplished jointly by
a magnetic field, and an electric fi m,glehgg-p NSNBEENY space and/or in

time, said fields bei ng concentrated in the enf €gi o0 5. Met hod
as claimed in daiml, chacﬁﬂm "Iﬂﬂﬂlﬂlu mﬂL Q_Eea-st—B part of said
i nfl uence on de/mw s a shape of sai dpevibssrg2001)
varying in space and/or in tlne and geherating pressure gradients wthin
the fl ow ng continuous nedi umvarying in7val ue and direction. 6.
Met hod as set forth in CQaiml, characterized in that at |east a part of
sai d i nfl (e3P oA™ RECREaFbEdirettiani of derm Wallils Kaawhend il dneoos
I nj ecting an sucking off of an anount of the continuous nediumat a
pIuraIity S C 1 |d i_njection and suction
varying in spa g ?r?g%mg} é? b iR gl%“ §d 5?1 gi “Yorth in daimi,
characterized i Pt ke 5#mPe’éFERetd-t|@9ﬂt Tobeb%g cﬁnom‘ Bubac?0 orindse thear - wal |
flowis accmﬁncsatseglvnbmam@mmﬁ&heoav&a& REIRARQUE 1R @ IHiRindddy
AVENDED SHEE ers 17 sucking off of an anbunt of
t he contlnuous rred'a, at_a plurality of locations at said surface (1), by
the shape of saiGfu@inEatk e(E mahdpon gfi roxprdee ldke/ yprtex tflows .causi ng
pressure gradients within the fl ow ng conti nuous nedi um varying in val ue
and direction. p for rOVIdI control I he boundary
| ayer or the wali’ IMaetgrg’doégagi(;%n S d8uS %’Hlltrmcg’&ﬁﬂf*gfh@e‘%dé’e§ hat; qui ds
and/ or m xBeFdLR fikespertan I@Wsrap%rﬁmdmatmmladmmrngxt 0
claims 1 tBldws finrvitkpaghegzéRe HIlQwisyrvaioer@) khe, turbul ence level, the
transfer of the inpulse, the transfer of heat and/or adm xtures in sai d
| ayers by influencing-of the fl ow and changing of the velocity vectors of
t he continuous rdiMakhedr abctlaimesodpr C3aiy 1, chaxactefized (in thad at

sources (2le@ét idgaieNes 88id NtnflheNcE oh Nens ARIINYOUR is accomplished
by a magnetic field, altermating in space and/or in time, said
field being concentrated in the wall region.

4. Method according to claim 1, characterized in that at
least a part of said influence on the wall layer is accomplished
jointly by a magnetic field, and an electric field alternating
in space and/or in time, said fields being concentrated in the
wall region.

5. Method as claimed in Claim 1, characterized in that at
least a part of said influence on the flow is accomplished by
the shape of said surface (1) varying in space and/or in time,
and generating pressure gradients within the flowing continuous
medium varying in value and direction.

6. Method as set forth in Claim 1, characterized in that
at least a part of said influence on the near-wall flow is
accomplished by simultaneous injecting and sucking off of an
amount of the continuous medium at a plurality of locations at

said surface (1), said injection and suction varying in space
and/or in time.

7. Method as set forth in Claim 1, characterized in that
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medi um (3), sai d i nfluence con]L sing a field of forces t he

conti nuous nedi um fl.ow. being i an u BES | of forces at least in
its near-wall region w dﬁgﬁ%&% Eﬁ"%l ong the normal from
t he surface (1 m“‘ m'ﬁﬁtm |ze Lot apparatus is constructed
such t hat \ ing fromO0.005 to 0.3 tines echrephyuitudar y

| ayer thlckness 6 “or eqU|vaIent hydraul i c di anmeter of the pressure
channel , or characteristic hydraulic dimnsion of the wall flow, a
turn of the vel oci ty vectors of the continuous nmedi um particles being
caused reptat’@fAsF PnPaphcet FrRFdrinfiveprse 89 e deprrvabhdelovw is  said

i nfl uence ammnpig.mlddbyuancmnﬂomamm@eocﬁf simngl emeoasr infedZing ahdd radi an

| t t el t f
angl s [ ey LR TRE O 3/ MA6GS be BB LRSI RATR of £, LU0 21 o
with regarelyrliity @fr decpbiors athsaid éBFf?CQ/e@{)orbYth? r@ldﬂﬁnﬂfnuous

medi um pargad ees;zeﬁadehqmeeérymg; i @yaeé ah@/cs:zorltnl Rumds SEEHing and
the intensity of said ..nf uencemfrf gAuc hat the mni mec rvature.radi us
oW

Rlerr] of ¥heYta) &6y of th 1s°‘é’|1ﬁg SEPTEPYS T HW 2 Y60
aver age di £t armlate Sng dﬂg’esﬁeomor mal from t he stream i ned wall to the
curved trajectory of the particle, wher eas one or both of the
bel owst andi ng faea

and/or b) is/are v%pe%a%lls f°5 p]f%VIdlnz?t 8 tlr’c'elpe‘?£ 1'-'lhgnbo nda a% | Pﬁerruence
bei ng [ er rpr =tk wal 13drven aﬁoﬁgcwtelmuecmﬁ@wmfcqnmzmm gasg@.and [err] =

(1 to 10) Yﬂq@ﬂi@%ﬂfﬁfdﬂ @l&xﬁﬁré@etlﬁ’éféﬁﬂléﬂpeélén%( Wkl pétBV¥ming a D) the
time repetj tl%ﬁ)(?d %F“ﬁ%'r%%‘g §8u§%to 301 ttorrgs %gg éjt{a a.rﬁ%eéhg PI Vi ded by the

aver age vel'd y y of Wwal'l’ usThg the
formati on 8Freefurrio-thsksurbnience | ipwel, the tra@feﬁpﬁﬁrab%slfmg@edl ng to
claim8, the cwdredfRin cﬂfahéaﬁ.oﬁﬁ&ﬁ@r (aam@:ftuwéluerﬁadaueymeby n the form

of defi ned, r d/gr f|eI S nd/or are
corrprl Si ngléﬁ %:g:gi C%,Q)OI‘ rrah%l g? or a géprrThsél S’% 51t cq" %

P5cat i ons
injecting BRE SeRYdmPwE medium pagm@%uﬂeesr{%n%f i nfl uence are
conprising |inearswrEley (@neanal enents, respectively, and I n case of

surface def or Ml g0 £l hoaa 10BEugled 16 IRLORBY | BNk LAVIAGLA, LN ckness

of 0.005 to 0.3 he ' bound ayer, oOr the equiva ef aul i c
di amet er oRegh@mpfBssure channel, or of the characteristic hydraulic
di mensi on of thgai@l infilwtice comprising a field of forces

the continucus medium flow being influenced by said field
of forces at least in its near-wall region within a range of
distances yn along the normal from the surface (1),

said range yn being from 0.005 to 0.3 times the boundary
layexr thickness 6, or equivalent hydraulic diameter of the
pressure channel, or characteristic hydraulic dimension of the
wall flow;

a turn of the velocity vectors of the continuous medium
particles being caused repeatedly in space and/or in time by
said influence

said influence causing said turn in a range of angles
a 0.02 to 0.5 radian alternately towards the surface (1) and
from it away and in a range of angles 8 = 0.02 to 0.3 radian
alternately to the left and to the right with regard to the
direction of the velocity vectors of the continuous medium
particles of the near-wall flow of the continuous medium, and

the intensity of said influence is such that the minimum
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10. Apparatus according to clains 8 or 9, wherein said sources (2)
are sources of influence on. the surfaeeq in the formof concavities and/or

convexi ti es, ght TBHS shsemmsaaﬁsy s (convexities)
havi ng a t hi ckneH“lwum H oepRegpoundary layer, or of the
equi val ent hydra the Or PafT/HPO&03200
characteristic hydraullc dlnenS|on of the wall flow, whereas the m ni num
curvature radius R[err] of t he concaviuy (convexity) is inits main
portion fromO.1 to 1. Appar atus_according to claim 10,

wher ei n s&PH"éBBF%e‘éa%‘EB @@ﬁp?st% %@é@rﬁf of heuddew of sakdflow in the

form of heaesiviéd fenbrdanes taecUr adefagidlilshanpes i SreilRingotheaherhel es,
the di amete, OEh{ehEtPé)én?fi&ﬁ 0:% 10" o Qm%’ u[x%eﬁ @r& £r&.so et pLgkness [err]
of  theé~equi val e

of the boundar ayer hydrau i“anet ér of the
pressure Gﬁaﬁhéleror of the characteristic hydraullc dlnen5|on of the wall
flow, Wnereas thneﬁleeelcﬁfeermnuooeh bhethe By lawetefdifdl fda@ilre8Na) S rangi ng
QZEEPEPHS OF b) 1%/aré£%al ronlo 005 to 0.3 6. 12. Apparat us

g ai Whier ei n said sources of influengce are
desi gned in theaf oEhe osPatiads repebinieneekrsadd dAflwence edngorbos 3 0.1
t hi ckness deenn) ¢h adbéend oty @ikelcRi6hH, oP iRl Waldl endw il aul C (di epet er of
t he pressg&ﬁ channel, or characteristic hydraulic dinmension of the wall
fl ow, sai ol es belng | ocated at_a pitch of 2 to 10 hole dianeters, and
the vel ociyty Pespendigrlancd e die ddgastheriefinthsl waklifkay.or sucked out

through sai d hobgsthestié i rigetidioanyl Betig Exroh Botd.Ib nadeanthe said
surface. 4;ctances yn divided by the average velocity ¥ in the boundary
or wall layers,

causing the formation of tornado-like vortex flows.

9. Apparatus according to claim 8,

wherein said sources (2) of influence are made in the form
of defined regions, which create magnetic and/or electric
fields and/or are comprising surface deformations and/or are
comprising locations for injecting and sucking off,

said sources (2) of influence are comprising linear
and/or area elements, respectively, and

in case of surface deformations at least one of the
deformations is having a thickness of 0.005 to 0.3 & of the
boundary layer, or the equivalent hydraulic diameter of the
pressure channel, or of the characteristic hydraulic dimension
of the wall flow.

10. Apparatus according to claims 8 or 9,

wherein said sources (2) are sources of influence on the
surfaces in the form of concavities and/or convexities,

the depth (height) of the concavities (convexities} having

. a thickness of 0.005 to 0.3 &6 of the boundary layer, or of the

equivalent hydraulic diameter of the pressure channel, or of
the characteristic hydraulic dimension of the wall flow,
whereas the minimum curvature radius R,,, of the concavity
{convexity) is in its main portion from 0.1 to 1.0 5.
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11. Apparatus according to claim 10,

wherein said sources are comprising sources of influence
on the flow in the form of holes with membranes secured along
the perimeter of said holes,

the diameter of the holes being from 0.01 to 0.6 times the
thickness 6 of the boundary layer, or of the equivalent
hydraulic diameter of the pressure channel, or of the
characteristic hydraulic dimension of the wall flow, whereas

the displacement of-the membrane central portion is ranging
from 0.005 to 0.3 &.

12. Apparatus according to claims 8 or 9, wherein

said sources of influence are designed in the form of
holes, the diameter of which is from 0.005 to 0.1 thickness 5 of
the boundary layer, or equivalent hydraulic diameter of the
pressure channel, or characteristic hydraulic dimension of the
wall flow, said holes being located at a pitch of 2 to 10 hole
diameters, and the velocity vector of the continuous medium,
blown into or sucked out through said holes, is defining an
angle of 0. 1 to 1.0 radian to said surface.
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