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Mne inveriion relates o hydrozerodynemics exnd o _
physics and conaerns davices to contirol tne boundary and nsar
wall layers in the I{lows of continu.ous media guch as gases,

iiquids, bkelr bwo~phase or muliigomponszs mixtures and ¥hs
like, moving along ducvs under o pressurs Cr undésr pregsurs.

 Priox State of Ax%

Phe majority of widely used devicses intendad Zor hesf-end-
mass transfer intansificeiicn require cozsidserebls Dower a0n~—
sumption for pumping the heet carxiler.

Tn the last ter ysexs approaches tc ths problams undsr
disoussicn neve beern devaloped, which ars based on the utili-
zation of the peculisrities of vortax dynemias cf & continous
medium flowing past three~dimensional reiieis. Thus, ocecxrding
to USA Patent 3741285 devices ers proposed, whick are provided
with wavy surfeces or with suriecs elements of "such ex amplitude
such a deflection in the divection of the flow, bypassing these
davicas, ané such a longitudinal and laterel &igtribuiion of
these propaerties, whkich ::esult ir the creation =ng irtensificat-
ion of the voxrtices in the toundaxy laysx.

In $his cese, in pariicular fc- elemexnts nhavizg ths shape
0 conoevitiss, the recormencsd depth is 5.5 to 1.0 ¢, where
1gs the deoth of the bcu.r...na"y layer, whereas the pexiod of
location of such eglemenis iz 3 $0 20 o Tnig limits ihe
quantitaiive measures o the elements of ke dev.’-.ces'discussed
by the suthor. In this connection it should be ncied thel the
author of this Patent failed $o meke eny advence Sowexds the
golution of %he statsd problem or to proposs ony concrete shapes
¢f three—dimensionel ej gments of the roliei, with the axcepilon
of the zeometrical consiructions, which are direcily not con-—
nected with the vortex dynamics mechanism. - - e - o
Let us examine the inventicns, 1n wolch slaimed-are these
or other kinds of roliefs in the shepe of qorﬁ'e}d."’ 3 0r gon-
cavities and which are mostly close Lo those prcnosed in the
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present Application.

Iz the kuown USA Paternt No. 4630211 the heat exghenge tube
rrovided with at leasi one row of projestions (convsxitiag)
or its internal suxrfage alona the spiral cuxrve, end ths outlins
¥ the cross seciion of thess convexities consists of smooth
curves in any dart along the height of ths proj ections, ingludi:
the bass. I this cass the secticn arse mono"aonice.lly decrsases
towards the nrojectien top, wheraas the projaction height is
from 0.435 %o C.5 mme The spirel curve 1g selsoted so thet a
"oirgumierential® piich of 3.5 t¢ 5 mm i3 obftained, whersas
the pitch elong the axis 13 5 t¢ 15 mme Iz perticuler, the
sections o the projections may have & circuler, ellipiisel or
extendead shspe

; t?

0
L]

However, the authors of the Patent failed to poeint out the
relaticns beiween thse é...menaions of the projections and pitchss.

-

1]
characterizing tha layout ol the projection, and the diameiexr

of the tute end the conditions of flow of the heat cexriex.

The data prssgnted by the autkors are naturelly applicé.ble to

tubes, the diamefer of which is about 15 mm — the authors
indicate the results of the thermophysicel experiments only

r tubes o the gven dfameter. Besldsessg, the authors 4o not
indicats the »edii of thHe curvetuwres of the sections, on which
the smcoizn pexrtion o the tube changas over to form the project:
ior surfece. If ons judgea by the drawings of ths Give.* Patent
such & transition is supposed $o have a zZaxo curvaiuxs »adius.
At tho same tima 1T is xnown TtThat tha8a curvature realiil deter—

Lo Lydzaulic 28SiSt€no8 And hénse the

thermeophysical effiiciensye In addlition, ithe Patert conteins
no indications concerning ths optimum, fxom the thexrmophysical
point of viasw, relation of ths projectior helight to its dlamete.
though this selation Sirongly influences the heai trensfaes and
hydraulic rasistance megasuraes.

[x}

mine tne valwy ul

It is obvious that sgsingce the turbulaent flows of the bkeat
cerrigrs ave thrag—dimensionsl even in ce3e of estatlishing
twe—dimenaional boundary conditions and since a2 three—dimension
al rgliasf is digtinguished foxr 1its greatar variaty, thus ensuxr-
ing tha raalizadilisy of a "a.,ggj“' nunbe ow’ deg.rees oZ reedam&.\.
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in the velocity field in the near wall area of the f£low, one
should expect a high degree of thermophysical efflciency

in oase the appropriete three—dimensionel relief is selected.
Gowsver, ever the simplaest streemlining laws for three-~
dimonsional reliefa heve baen investigzeted less fthen those of
two—dimensional rsligfs. This is connected both with the
reletive "young age” of the hsat-end-mess transfer infensi-
figcaticn methods by msesars o2 three—-dimensional =asliefs and
with a larger varieily ¢f possibilities and pareameters, which
are charecteristic of three—dimensioral reliefs. This alse
gxplalng bhe achematism and absence of importent guomebtzigal
paransters of throe—dimensicnel reliefs in the above Appligat-
ion, as well as the absence of {the »eleticn bhetwsen thess
paramgters end the condifticns of flow and othexr flow cheragt=—
eristiss of the heel cerriers. |

Disclosuxrs of the Invsntion

- The main eim of this invention is to develop a davice for
;ontrolli_ns the heat—erd-mess trensfer processes, hydraulie
resistance, boiling, deposition of admixtures from the fliows
in the boundery or near wall leyexrs of gas, 11@:21, their two-
chese or mulbicomponent mixtures moving in ducts under no ppes—
sure or under pressure; conirol shall be achieved by irnitiating
the generation of lorge—scale vortex struciures snd by conirol-
ling thelx devaelopment.

Mhe forwarded pxcblem is solved by means of & davige -
a streamlined suxrface or a heat—and-mess transfer suxrfags, whiel
i the seperation boundary beiwsen the flewing continuous
mediumi gas, liquid, their two—phess oxr muliicorponent mix—
turgs and & solid well (inftially smooth, cylindrical, coniocal,
or of eny cther profile), which permits ccnirolling the progess
in the bouncdaxy layex or in the neaxr well layexrs o7 the flow
dua $o the cxrsation on its surface of a three—dimersionsl
concave or convex xslief with smooth outlines and rengesa of
dimensions characterizing this rellsf and being associlated with
Lie nydzudysamalounl louglblia desgslbliag blie prucemses 1n thse i
boundary and near wall layexs of the flowe The three—~dimsns—
ional relief is made in the form of concavities or gonvexitles
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with roundsd sections and a transition located in a checkesred
or unstaggered ordexr, and any section of the concavities ox
convexities elong the stxreamlined au..face will heve the shepe
0of a Bmooth closed lins descrioed by the relation

7 GEP
r(%4) = /ﬁ)/”//’oj _”"“/20 ~ gz " ‘;;o *

A JZJp 2}2‘50 i 4/4 ]

where:

r(¢,2) =-is the section redius in the direction o?
angle ¢ , counted from the line interconrascting the centexs
of the adjacent concavities or convexities, or from any other
line, which lies in thes indicated section;

72 =~ is the seoction haight over ths lowarmost paint of the
concavity or the section dlsitance from the uppermost point of
the convexity: '

I(h,0) ~1is the radius of the concavity or ocomvexity
seotlion in the ddreclion of augle @ = 0%

A/‘“’:/"//z_, /XD)*/“'//Z,OJ — is the difference betwsen the redil
of the conceviiies ox convexities in the direction of angles
$=180° era ¥ =0°%
fc — is the dimension of the curvature area along the
strgamlired suxface; k = 0.3 to 0.7 is the coefficient;

1< A<
-3
%— coaffioients of the shape ol the ssctlon

“1<a,<1

the depth of the caviiies or convexities /2 is in this cass
C.005 t0 0.3 ¢ the thickneas of the boundary layer or of the
equivalent nydwraulic diemetexr of the duct, the curvature arsa
of +he concaviiies ox ocnvextities has, in eny cxoss section
with regard to the strsamlined aurface, a commoxn tangen$ wit
the transitior erea, which 1s located betwsen the adjacent
concavitiea or oconvexities and whioch is mads in the shape of

a bicurvaitures surface with xedii meeting the following relation:
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and in this case the dimension of the concavities or convexi—
ties along the streemlined surfage is:

D "(2'.‘4—0)/24 ’

the dimensiocn of the cuxrvature area along the stzeamlingg
surface is:

Po = (0,05 20.3)D,

whergas the dlmension of the {ramsiiion aree elong the line

interconrssting the centars of ths adjecent corcavities or
!
convexXitlies is:
/4n = (0-05 3)D.

The concavities or oonvexities mey be located in the wertice
of the paraliegrems, the lengths of the sides of which ars
within the renge of 1.05 to 4 dimersions of the concevities
or convexities amd the vertex emgle o, is 20 to 50°%

The relations, which characterizs the indiceted relief of
the concavities &nd convexiiiss, have been obtained as a result
of processing the thermophysical measurements.

Srief Descxription cf Drawings

8d in Fig. 1 is the concaviiy reliaf sectior
across the streamlined suslege.

Fig. 2 presents tns Top view on the streamlired surfaca.

Best Bmbodiment
The convexitilies rellisf section across the streamlingd
surface is similaxr to the relief section of the concavities
8hown in Figs, l. -

Pre stzeamlined surface consists of concavitias (1)
(convexities), which include curvatuwe aereas (2) erd trensi-
tion areas (3). '

When & continuous medium flow runs past a suxfaca provided
with concavities (convexities) containirg .elements of tha
indicatsd dimensions in the near wall azrea at a distance of
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0.005 to 0,3 thickneas of ithe boundary layer or an equivalent
hydraulic dicmeter of the duct, three~dimensional velocity
and pressuro filelds of the continuous medium are formed. The
three—dimensional features of the velcciiy angd Praossure fields
elongside with the inextia forges, which orlginate in the near
wall laysrs of the flow due tc runnizng of the flow past the
convexivies or concavities, result in the generetion of
Goexrtler vortices and othexr large—scales vortex structures,
including tosnado~like ones. The indicated renges of the di—
mensions of the concavity ox convaxi‘cy elements ensure gena—
retion of verbex structurss resulting in their seif—crgenizat-
ton, whick is favouratle from tihe poiznt of view of ths intenw
sification c¢f the heet—-and-mess trensfer znd of %he other

processes, which take plece in the boundary or nser well layas:
the convizuous medium £low.

The smcoih shepes of the three—dimensional relief cf conga—
vities or convexities, the presence of a trensition in the
shepe of & bicur vature surface Between the concaviii e8 ox )
ed ensure, according to propcsed invention, the .

sopextles of the large-scale vortex siructures and
1ty of theixr aligzmment with the main flow; this

convexi

S 2 expression in the laguging inorease of tae
hydraulic resistance as compared with 3he increase of the heat
r mess iransfer intensity, and in soms ¢ceses these is even

& decresse o2 ths hydraulio rasisitance as oormpared witza the

hydrauli sisfance of smootz gSurfaces

In eddition, the realization of the propczed device >ssults
in a visible Jdecreese of dspesition of fcr ign impurities fronm
the neat carrier onio the gtreamlinsd susfasce. Thig Fegt is
conng cted with the directness of ithe gener '{:ion 02 Goertlexr
and Ycrnadc-like vortax structures, which incremse thg twang~—
Lar of the mess, the admixiures incl uded, Zrom the wall away
into the

Accorx
linad re
of the s

Low core.

ing %0 the inventiocn, the smooihness of the stream—
1sl ensures alsc an increased corrosion resisiancas
reamlined surface when coxntinuous media oxg used,

)c
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which usually involve corrosSion processes. According to the
data of the oxperiments, the pecullarities of %kg mcos Lrans—
far, origineting due to The gsneration of largs—scale voriex
structures, d.ec.ree.sa the probebility of the originetion of
glaetrochamical pxrocesses on t.:e surface of the claimed davig

provided with a lief,

2]
@

The uge of a thres—dimensicnel concavity or convexity
relief of <the indicated persmeters results in a notipgeabliam
ingrease of Vthe critical heat flows within e wide »angs of
liquid pressuxe, mess velooclty of the heat carrisr exi & ya-—
lative vepcuxr contend. The shift of the critical hasaet itransfex
towarmdis high therumnl loads as tha flaw rmns P8St tho su»mraélk,
provided with the indicetsd relief, 1s caussd by the formeiion
of a heated suxface ¢f lerge—scale self-organizing structures,
tornedo—like Structuzres ingluded, by msans of which the vepour
bubbles are gvacuaisd from the arse surrournding $he concaviiy
o convexity and %eken away from the Near wall layer inio the
flow coree. Favourable to this is also the smoothrass and the -

 three~dimensiocnal festures of the reliez, since tkhsy contribute

tc ths change of the diractions of the ovrientalbllon axd iwlsting
£ the vortsesx structures.

Industrial Use

The inversion may be ‘used in verious powsxr engingaring engd
heat-end-mess transfexr systems, as well as in eny othsr branghes
whexre thexro is & demerd in intensilication of the heat-end—~
mess iransfexr at a lindited ingrease of the hydraulic resistargs.

in paxti cule.r the invention is used wi‘a:z various xindés o?f
transnortaticn faci

| o

T itie3, in gas turbine units wiithk occolad
adss, in nuclae..:' power assanmblies wi’ch high~flow nautron

sourcss, in ateam gensretors, kheat exchengers, as well as in
cther snarygy i-ansfsr sppaxatuses arnd davicesSe
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CLATNS

1. The ssresanlined surfage, which snsuxrss conizrol o0 tha
process in vhe boundary and nesr well layers of the continuous
mediwn Llow2 and which is provided wiltl: = thres—dimensional
reliel is crzaraoterized bty the fact that the three—dimensional
relief is m2de in the skape of concavities or convexities (1);
there are curvature areas (2) and transition (3), and that any
section of concavities (L) or of the convexities along the
streamlined surfece has the shape of a smooth ¢losed lins,
descx laed by the re‘atic”:

~ / . 4/.'/2',}9
[ . - LS/
e z) ( )[ ri* 0)*'— +ar /ga = g0 )t
, P ey 2P 4Z¥
+A Af‘(/f 790 J.S//” 720 +A, 4r S//Z/JO 25/@ /0,0)]

whers: .

/nggj — 18 the section radius in the direction of anglse
counved from. ,“e-f‘ne interconnect ing the cenftexrs of the adjager
concavitiss or convexities, oxr frem any line, which liss in the

indlcated ssction;

"

Z = 13 the section height over ¢ lLowermost point of +the
- concayily or section distance from the uppermosi point of the
convexity; .
ﬁ(&)&ﬁ ~ i3 the redius of the ocngavity oxr gonvexity
secticn in the dizmecticn of angle ¢ = 0%;
‘fﬂZ/ﬁ&U rﬁ&gv ~ is the difference betweexn the radii
of the concevity o> convexdty section in the direction of
ana;lesy’ = 180° ana @ = 0%
Ec — 13 the dimensiocn of the curyature aree along the
gireamlined surface; = = 0.3 t0 0.7 i3 the coeifiglent;

<a, <,

<
s N » ¥
(]

~ coefficient of the shape of the sgeation,

the denth o the concavities (1) ar convexitiss A is in this
case 0,005 to 0.3 of the thicknesa of the boundaxy layer or

A D O THIS SHEPT HAS BN
e REPLACED
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of the equivalent hydraullc diamebexr of the dubt, the ourvaturs
arua (2) of the qoneAavitlas nr cnnvexities hag, Zr any oxoss
gection with regaxd {o the streamlined surface, & gommor tan—
gent with the trenaition area (3), which is located butween
the edjecent concavities (1) ox convexrities end wkich 1s made
in the shape of a bicurwaturs surfece with radii meeting the
following relationsy

- i [ .
[ Ry |2 30 =z |r, | Z 3R,
ia dhis case the dimension of the goucaevibies (1) 0X convexi=—
ties along the streamlined surface is

D= (2=40)A,
the dimension of the curvatuwme awaa (2) alang thas aktmoamiined
suxface is
£, = (0,05 +0.3) D,

wherees the dimension of the tremsition area (3) slong the
line inierconnsoting the centers of the adjacant ccncaviiles (1)
or gonvexities is ' i

g tx = (0005 - 3) D.

2, A surface as cleimed ia Claim 1 chavrscterizZed in that

ne centezs ¢ the concavities (1) or convexities ars located
n the vertices of & perailelogram, the lengths of the sidss
of which are within {the rangs of 1l.05 $o 4 dimensions of ths

| el > ]

¢
"coroavities (1) or convexities end the vartex angls is

Gennady Iraklevioh Kiknadze
Ivan Alexandwovich Gacheckiladzs

-~ Valari Grigoryevigh Olaelnikov
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