STREAMLI NED SURFACE Art Thelhisﬁffeﬁfﬁasﬁeem el at‘fs to hydroMﬁd@ cs and to
fherrfal physics and concerns rol the boun ary wal | -
| ayers in the flows of con_tl ch as gases, w,ﬁg J t
t wo- phase or nulticonponent he |i ke, nDV|ng al ong“ducts under

NO Pressurgs 0g3 #Bg ?rsdyressure. Prlor St ate of .Art. fbg/amgaj(mﬂ@)ﬁ wi del'y
used devi ces |nten for heat-end- mass transfeor intensificationrequire

consi der abl e power con- SUﬂpt [ OETLSE Bw%ﬂrgsﬁﬁﬁggat carrier.

THIS s
Art

Mhe invention relates to hydroserodynemics axnd Yo ¥ _
physics and conaerns davices to contirol tne boundary and nsar
5 wall layers in the flows of continuous media Such a3 gases,

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

 Priox State of Ax%

Phe majority of widely used devicss intendad Zor hesf-end-
'10 magss transfer intensifigaticr requirs cozsiderenls Dower qon~-
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 peculierities of vortaz dyna:r:l.as cf & continous

15 ° medium flowing past three—dimensional reliefs. Thus, acocrding
to USA Patent 3741285 devices ers proposed, whick are provided
with wavy suxfeces or with surfecs elemegnis of “such an amplitude
such a deflection iz the divection of the flow, bypassing these

devices, and such a longi udinal and latozal &igtribution of

. o &
20 these proversies, which result ir the creation and irtansi2icat
ion of the voxrtices in the toundaxy laysx.

In this cese, in pariicular fc- elemexnis hav :'.* ths shage
02 concevitiss, the recozmencdad dapth is 5.5 to 1.C 5" where
1gs the deoth of the bcu.r...\a*y layer, whereas the pexiod of
25 location of such eglemenis iz 3 $0 20 o This limits <he
quantitative measures of the elamsnis of the devices discussed
by the suthor. In this connection it should be ncied thel the
author of this Patent failed $o meke eny advence towexrds the
golution of %he statsd problem or to proposs ony concrete shapes
30  ¢f three—dimensionel slgments of the relief, with the sxcspiion
of the zeomeirical consiructions, which are direcily not gon—
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-

35 cavitiesa and which are moat y close Lo those pronosed in the
' v % FrEY Moo oy
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| ast ten years ap as LR
ped, which are based [
X- . dynam cs of a con [
¥fs. ThiW¥S, 93¢eor3bpg to USA Patent 3741285, device
brovi ded with wavy surfaces or with surface el enents 0
| t ude,
devigces,

hlaced ' ) )
%t obl ems under di scussi on have been

‘P
Lzati'(’)‘n of th,T;P_ﬁé:g Lo LR GEERT |
¥ | owi ng past {hree‘gigrpghonal | -

such a deflection in theed®Tection of the flow, bypassi ng t hese

and such ,a longitudinal and | ateral distribution of these
proferti es, PRAPER Y ARPLICATLAB-creation and intensificat- ion of the

vorgices in th?wb?ﬁﬂgﬁézoJay§§A Ln this case, [in particular for elenents

having the shape

i
v

25

_30

Jatent No. 4650211 the heat exghenge tube
is provided with at least one row of projections (convexities)
or ifs internal suxfege alona the spiral curve, and the outling
of the cross sectlon of these gonvexities consists of smooth
curves in any dart along the height of ths proj ections, ingludi:
the besg. I this case the secticn arse mono"aonice.lly decreases
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
extended shape.

However, the authors of the Patent failed to poirnt out the
relaticns between ths dimensions of the projections and pitchss.

%
oharacterizing ftha layoutl of the projection, and the diamatex

o the tute end the conditions of flow of the hesat cexrrisz.
The. data presented by the asutkors are naturelly applicadle to
tubes, the dfameter of which is ebout 15 mm — +%he authoss
indicate the results of the thermophysicel experiments only

for tubes of the given dtameter. Basides, the authors do not
indicats the »edii of thHe curvetuwres of the sections, on which
the smcoth pextion of the tube changes over to form the project:
ior surfece. If ons judgead by the drawings of ths given Patent,
guch & transition is supposed to have a zexe curvatuzs =edius.
At the same times 1T is xnown that tha3a curvature rezaii dster—
Lo Lydzaulic 28SiSt€no8 And hénse the
thermophysical efficiencye In addition, the Patexnt contains

no indications concerning ths optimum, from the thexmophysical
voint of viaw, relation of the projection hsight to its dlamets.

though this relation strongly influences the heat transfas angd
hydraulic resistance measurss.

[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 x»olia®f is digtinguished foxr 1its greatar variaty, thus ensuxr-
ing tha raalizadiliiy of a larg¥™ number of degree3 of, Ireedoms
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of ¥oncavitiés, the recommended depth is 0.5 to 1.0 [err], where [err] is
fhef depth 70 t5&/ BO35Bary | ayer, whereas the periBOUFRUISEAGCHM of such--
elaments is 3to 20 [err]. This limt 4he quantitative [meassHEsT 6TASt HEN \
el éments of the devices discussed by tthe author. In thils, .ConRERAGHY j t

shoul d be 04 o £ 19611003 U BLE18f sk PN hadl ook TEKCLREYV £ N ANG RS
towards the solUfion of 1ie ‘stated probT emor to propose any congrete
shapes of t$teeldi nensixprat ctehdshs dFgIeR 02| thermaphy aheabxebblobenay
the geomet 1103, SgNEHal Gl ilsp-takeh K ¢tk Y1 BORICAYLIELEH Wbilotds,
vortex dynam cS nechani sm’Let” us exam ne the 1nventions, In whi'ch clal ned
are these Sowsver, evexr the simplast streemlining laws for three-

5 dimonsional reliefs hava baeen investigated less then thoss of
two—dimensional rsligfs. This is connsectaed both with ihe
reletive "young age” of the hsat-end-mess transfer infensi-
ficaticn methods by mears o2 three~dimensional »aligfs and
with a larger varieily ¢f possibilities and pareameters, which

10 are charecteristic of three—timensioral 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
paraemgters end the conditicns of flow end other flow charagt-—
15 eristics of {the heat carriers.

Disclosuxrs of the Invsntion

- The main eim of This Invention is to develop 2 device for
contzolling “he heat-erd-mess trensfer processes, hydravlie
i-esistanc'e, boiling, deposition of admixitures from the flows

20 in the boundery or neax» wall layers of gas, liguid, their two-
chese or multicomponent mixiures moving in ducts under no pres—
sure or undéer prassurs; conirol shall be achieved by iritiating
the ganerati onn of lorge—scale vortex structures snd by conirol-
ling thelx devaelopment.

h- 25 The forwarded prcblem is solved by meens of & devige -

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,

30 or of eny cther profile), which permits ccnirolling the progess
in the boundaxy layexr or in ths neay well layers of ths flow
due to the czsation on its surfage of a three—dizensionsl
concave or convex xslief with smooth outlines and rengesa of
dimensions characterizing this rellsf and being associlated with

35 - ble hydzuvdycamlonl lougblis desgolblig Lhie prucexmses 1z the i
boundary and near wall layexs of the flowe The three—~dimsns—
ional relief is made in the form of concavities or gonvexitles

3
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t her kinds of reli efs | Replacedynyexiti e = | and
' ._h are nostly close to’ :qﬁ'ﬁﬁﬁ ﬁ n the- -4-&’%11525%;5‘ qgéo‘?l Cafi on.
‘g he known USA Patent No at exchange—t-tbe -s—pF-avi-deds Wi t h

PTOYTOCTr

east oD rg)yg(bg r501 ections (convexities) on i tpcmjmgegmlboame‘ ace al ong
.spiral curve, the outllne of the cross section.of these convexities
Si sts of sm)oth -4 -
with roundsd sectlons and a transition located in & checksxed
or unstaggered ordexr, and any section of the concavities ox
convexities along the streamlined au..face will heve the shepe
) of a Bmooth closed ling described by ithe rslation

o) = (2N - e g L L i LEL
/“/fﬂ,z)—-/,-i—)//‘//zﬂ/-—z *ar(=s —iw T )t

ZP_ / 2P A oy ST ]
-rrﬁr,/[i/ (/SI/Z 770 3 /000)+A A/‘/S//Z /50 25//2 /5;0)

10 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;

15 2 = is the Ssection haight over ths lowsrmnsi point of the
concavity or the section dlsitance from the uppermost point of
the convexity:

F(h,0) ~1is the redius of the concaviiy or omvexity
seotlion in the ddreclion of augle @ = 0%
2 A/"“’:/"//Z_, /XD)*/“'//Z,OJ — is the difference betwsen the redil
of the concevitigs 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;

-~ cosfficients of the shape ol the ssciion
- 1
1<A2<.. J

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

30 equivalent nydraulic diemetexr cf the duct, the curvature arsa
of +he concaviiies ox ocnvextities has, in eny cxoss section
with regard to the strsamlined aurface, a common tangent with
the transitior erea, which 1s located betwsen the adjacent
concavitiea or oconvexities and whioch is mads in the shape of

35 a bicurveiuws surface with xediil meeting the following relation:



curg/es In any part al ong th acﬁ‘?OJ ections, including the base.
In§his case the section are H decreases tovvards t he
prOJectlontop, vvhereasthep is fromO0.45 to 0.6 nmm The
spiral curv®0 S32@368d so that a "ci rcumc erentlal "PODYRUSZ/ME060 5 M
i s obtai ned, whereas the pitch aI_on§ the axis is 5to 15 mm.In

c

particul ar, the sections of the projé&ctions may have a circular, elliptical
or extended shape. However., the authors of the Patent f gited tQ poi nt _out

the rel ations bgtween] thex dj nensi ons of {he prfoj gct] ens LTI PHEEREAS BEEN
characteri zing th\gf}d:hi/ tjﬁ' t he pro'padt’an 4 k&a&dl t er REPLACED

and in this case the dimension of the concavities or convexi—
ties along the streemlined surfage is:

5 D =(2240) A

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

L7c = (0905 "_‘ 003) D,
whergas the dlmension of the {ramsiiion aree elong the line
1C interconrssting the centars of ths adjecent corcavities or
!

convexitiags is:
/ 4» = (0.05 £ 3)0D.

The concavities or oonvexities mey be located in the wertice
of the paraliegrems, the lengths of the sides of which ars

15 within the rangse of 1.05 40 4 dimersiors of the concevities
or convexities and the vertex e:agle o, is 20 to s0°.

The rela ions, wh...cn characterize the indicated relief of
the concavities &and convexifiaes, h‘.ve been obtained as a result
of processing the thermophysical measurements.

20 3rief Description cf Drawings

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

top view on the stresmlined surfaca.

Best Bmbodiment
25 The convexitlies relief seotion across the sirsemlinsd
urface is similar to the relief sgction 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). '

8

When & continuous medium flow runs past a suxfaca provided
with concavities (convexitiss) containirg .elements of tha
indfcatsd dimensions in the neax wall exea at & distance of



fejlhe tube and the condi ti Ghis Stebt Has Bevn®piidag heat carrier Thﬂj—a.\—Fe

0 _
presented by the authors are - i cabl e} typ$ 9HEET HARBEENaret er of
whilch is about 15 nm- the a E] t he re¢sul t SREFLACER

t her nophysi c&0 egpgpongsts only 10 of the df g\@? si des,
the authors do not indicate the radij of the curvat ureg%f}o ?‘Zbgg@;%lsons, on
whi ch the snooth portion of the tIbe® cfanges over to formthe project- Ion
surface.. If one judges by the draw ngs of the given Patent, such a

transition i 9.0@posedctd BALRkAeZR HEULHAL W&ﬂﬁd} S1afhwt 18, 9

i's known t hat, tﬁese gurvature radij ‘_circlater- ni ne_the ?/a]'%‘géof B?hgﬁﬂ?&hgﬁlc’tnt

resi stance anh $eaetigngieneter of the duot, three~dimensional veloclty
and pressuro filelds of the continuous medium are formed. The

three—dimensional featuzres of the velccity and pressures flelds
5 elongside with the inertia Zforces, 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,
inciuding tornado~like onesS. The indicatsd renges of the di-
10 mensions of the concavity oxr convaxity elements snsure geng=—

2ot

retion of verbex structurss resulting in their seif—crgenizat-
’ ion, which is favouratle from the poizi of view of tas inten=—

sification c¢f the heet—-and-mess trensfer znd of %he other

processes, which take plece in the boundary or nser well layas:

15 of the continuous medium f£low.

The smcoih shepes of the three—dimensional relief cf conga—
vities or convexities, the presence of a trensition in the
shepe of & bicurveture surface between the concavities ox °
convexities ensure, acoording to propcseé i’ni‘ention; the
opertlies of the large-scele vortsex sizuctuves é.n.d

e

S 1?2 expression in the lagging inorease of thas

hydraulic resistance as compared wiih 3he increese of the heat

25 - a decreasse of ths hydreulic rasistance as oompared wiiz he
hydraulic resistaxnce of smooiz surfaces. '

In eddition, the realization of the propczed device >ssults
in a visible decreese of dspesitfon of fereign impurities fronm
the heat cerxier onio the Streamlingd surface. Thlg Pagt is
30 conng cted with: the direoctness of the generstion o Goertlaex
and Ycrnadc-like vortax structures, which incremse thg twang~—
far of the mess, the admixtures included, Zrom the wall away
into the filow coxe.
According $o the invention, the smooihness of the stream—
35 lined relief ensures alZc an increased corroaion resisiance
of the sireamlined surface when coxntinuous media exe used,



This Sheet His Be

t her nrophysi cal efficiency. I € Patent contains no indications
‘conn'erning the optinmum fro m ’ ysical point of view, relation of
the projection height to it ough this relation strongly

i nfl uences W@egbp% ynsf er and hydr“aul I c resist apep 65104t i

obvi ous that sinhce fhe turbulent flows of the heat” carriers are
t hr ee-di nensi onal even in case or‘agrablishing t wo- di nensi onal boundary
conditions and since a_three-dinension- al relief is distinguished for its

greater var¥aioh ppueldigknvehye: KOIRALOmMT9e92889a | Argredimgeto othe
degrees of AxERUEAS+he oxperiments, the paculiarities of ihg mpos trans—
far, origineting due to The gsneration of largs—scale voriex
structures, decreasa the probebility of the oxiginetion of
olacirochemical $rocessesS on the surfece of the cleimed davigs
provided with a relief, |

\n

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

10 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 PBSt tho suxraélk,

provided with the indicated relief, is caused dy the Zormation
of a heated suxface ¢f lerge—scale self-organizing structures,

15 tornedo—like Structuzres ingluded, by msans of which the vepour
bubbles axre gvacuated fxom the ares surrourding the 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—dimensicnal Peatures of the relief, Since they contribute

20 tc ths change of the diractions of the ovrientalbllon axd iwlsting
of the vortex 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
25 where thexro is a demexnd in intensification of the heat-~end—~
nmass iranslex av & limdited ingrsese of the hydrasulic resisfancg.
In particulex, the invention is used with various kinds of
transportaticn faciliities, in gas turbine units with ocolad

bladss, in nuclser power assemblies with high~flow nauiron
sourcss, in ateam gensretors, kheat exchengers, as well as in

W

cther snarygy i-ansfsr sppaxatuses arnd davicesSe

| g THIS SHEET HAS RERN




REHLACEMENT SHEET in the vel &@

t%é near wall areas of the
w, one shoul d expect a high Ht rm)phyS| cal efficiency in case
appropxi at e three-di mensi oy sel ected. However, even the

i npl est stye® g aws for three- d| nensi onal f
I njest i gat ed Ig?gQP an those of two-di nensional rel |#§W@ﬁ€€nnect ed

botih with the rel ative "young age" 8of~ t he heat-end-mass “transfer intensi-

atlon met hods by neans of three-dinensional reliefs and
: CLATMS

1. The strsamlinsd. surfaee, which snsures conizol o0f the
rogess in the boundary and near waell layers of the continuous
mediwn Llow2 and which is provided wiltl: = thres—dimensional
5 reliel is crzaraoterized bty the fact that the three—dimensional
relief is m2de in the skape of concavities or convexities (1);
there are cu-vaiure areas (2) and transition (3), and that eny
section of concavities (L) or of the convexities along the
streamlined surfece has the shape of a smooth ¢losed lins,

10 descri‘aed by the rel aticﬂ: .
n / . 4/.'/2',}9
2R2)e=f m _,..__'." A el Y !
b Heg)=(% )[/‘( 0)-< +ar /ga iz " 780 )T
, 3./&_}0 - 2P o 4TY
+A Af‘(/f 7,090 J.S//” 720 +A, 4 S//Z/JO 25/@ /0,0)]
15
- Whexrse: :
f(yg) is the 3ection radius in the dlrection of angls

counted Zrom -the -.....ne "”"arconnec ing the centezs of 'che adjacer
concevitiss oxr convexiti 88, oxr frem any ling, which lies in the
0 indicated ssction;

-

Z = 13 the section height over the Lowezmost point of {he
- concayity or section distance from the uppermost point of the

' convexity; .
/~(/'1’ Cj - i3 the radius of the ccnsavity or gonvexiiy
25 secticn in ke directicn of angle ¢ = GF;

A/":/'(fz, /,90) /"ﬂ‘z.O) — is the difference between the radii
of the concevity ox convexdty section in ths direction of
ana;lesy = 180° ana ¢ = 0°;

£, - 1s the dlmensicn of the curvature ares along the

30 streamlinaed surface; X = 0.3 %o 0.7 i3 the coefficlent;
~-1<4a,kl,
B ~ coefficient of the shape of the sgeation,

-—.'L<A2<’-. »
the denth o2 the concavities (1) ar convexities A is in this

35 case 0,005 %o 0.3 of the thickness of the boundaxzy layer or
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This Bes ' T
with a larger variety of po Sl'mtiHa'SBWl-Re hcﬁd paranetars, which are

» charactexi stic of three-di lm E fs. This al so explains the

schemati sm and absence of i Mt rical paraneters of

t hree-dinensignal reliefs in the above Applicat- ion, as well as the
absence of h&¥ @BFTn bet ween these- par anet er SPARARUBR/QOIOEi ons of
fl ow and other flow charact- erkstics of the heat carriers. D sclosure of
‘the Invention The main aimof this invention is to devel op a device for

cont xol | i ngft haeheauismlenaskytirandilay dhamebsssoshyHeadust j eShat 808%ature
boi l'ing, dgposi ¥ion o AN KAHEEF1E1HE 1 A5t t1 65 nas, 2= any oxoss
gection with regaxd {o the streamlined surface, & gommor tan—
gent with the trenaition area (3), which is located butween
5 the adjecent concavities (1) or convexities and wkich is made
in the shape of a bicurwaturs surfece with radii meeting the
following relationsy '

- i ' > .
IRcllZD/Z =d ‘RcZIr-'-;/z’) |
10 in $his case +he dimension of the goucavibies (1) or convexi—
ties glong tzes streamlined surface is
D D=(2=40)A,

the dimension of the curvatuwme awaa (2) alang thas aktmoamiined
gsuxface is
15 £, = (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

20 ¢ ;.= (005 = 3) .

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

ne centezs ¢ the concavities (1) or convexities ars located
_ 2 the veortices of a parailelogram, the lengths of the sides

) 0% which ars within the rangs of 1.05 to 4 dimensions of the

25 ‘corgavities (1) or convexitias end the vertex angls is

L = 20 to 90°.

o~
w
i
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ary or near wall Iayers:of gas, liquid, theiy H@%ﬁ or
nul?lconponent m xtures noving i &/Hucts .under no pres- } %9 er

pressure; control shall be achiev by |nitiating t he generatlon of
| arge-scgle vortex structures -a Tontrol - 2ng.their devel opnent. The

f or war degleyf obl em i s sol ved by s of a device - a streanlined:surface or
a heaf™fan ss trasnsfer g$ur WHich is the separation boundary between
the fl qw conti nuous nedi , their two-phase or

' (initially smooth, cylindrical,

:iif};ﬁTing t he process
y

Lor
FIG2
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3 %he boundary | ayer or in the near. wall, | ayers™
creation on its surface of a three-dimensional’ conta
with snmooth outlines and ranges of dinmensions charact
and being associated with the hydrodynam cal | engths:
processes in the boundary and near wall |ayers of the®
three-di mens- ional relief is made in the formof concg
convexities - 4- .

Abstract

A streamlined surface has concavities (1) (convexities), the cross-section of the concavity (1) (convexity) has the form of a
snfoothly curved closed line described by a certain relationship, the depth of the concavities (1) (convexities) h=0.005-0.3 of the
thlc.knessoftheboundarylayet,tbe'mrvedarm(z)dthzmvitiesormvem‘ﬁuhaiea—mmontangentinanycross—
section transversal to the initial surface with a transitional section (3) in the form of a surface of double curvature with radii
/Reury)/= 3h and /Reyry2/e=8h. The size of the concavities (1) (convexities) along the streamlined surface equals D=(2-40}h,
t!;e size of the curved area (2) along the streamlined surface is 13=(0.05-0.3)D, the size of the transitional section (3) along the
Iine connecting the centres of the concavities or convexities is I=(0.05-3)h, and the centrea of the concavities (1) or convexities
are located in the vertices of a parallelogram with the sides equal to (1.054)D and with an angle at the vertex ay=20:900.
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i th rounded sections and a transition located in a checked or unstaggered
and any section of the concavities O convexities al:ong the

stream ined surface will have the shape of a snmooth cl oseg~re-descrijbed
by the ralation [err] [err] is the section radius in the
counted fromthe line interconnecting the centers;
concavities. or convexities, or fromany other |jne, whi
i ndicated section; [err] - is the section height over t}

of the concavity or the sectior%Tdi iﬁﬁ?ﬁﬁnféﬁﬁwf upperwf:st Pot-ht

Qrder,

[err],

:c IRERLACBIERT

ol r@@@é o
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The invention relates to hydroaercdynamics and to thermal
physics and concerns devices to control the boundary and near
wall layers in the flows of continuous media such as gases,
liquids, their two-phase or multicomponent mixtures and the
like, moving along ducts under no prsssure or under pressursg.

Prior State of Axt

The majority of widely used devices intengied for heat-end-—'
mass transfer intensification requirse considerable power con—
sumption for pumping the heat carrier.

In the last ten years a:pproe.ches to the problems undsr
discussion have been developed, which are based on the utili-
zation of the peculiarities  of vortex . dynamiss of a continous
medium flowing pést three—dimensional reliefs. Thus, according
to USA Patent 3741285 devices are proposed, which are provided
with wavy surfaces or with surface elements of such en amplitude,
such a deflection in the direction of the flow, bypassing these:
devices, and such a longitudinai and lateral distribution of

these propertiss, which result in the oreation and intensificat—

ion of the vortices in the boundary layer.

In this case, in particular for elements having the shape

of concavities, the recommended depth is 0.5 to 1.0 J, where
is the depth of the boundary layer, whereas the period of

location of such elements is 3 to 20 J. This limits the
quantitativ:e measures of the elemsnts of the devices discussed
by the author. En this connection it should be noted that the
author of this Patent failed to make any advance towards the
solution of the stated problem or to propose any concrete shapes
of three-dimensional elements of the relief, with the exception
of the geometriocel constructiohs, which are directly not con-
nected with the vortex dynamics mechanism.

Let us examine the invenfidns, in which claimed are thsese
or other kinds of reliefs in the shape of oonve'x:i.ties or oon-—

\
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the convexity; F(h, 0) - - is the radius of the concayity or__converit

section in the direction of angle [err] = O[err]; [e'rr-,:ﬁ : ,s-_-_m(gﬁ Ti
the differenc between the radii of the concavities asi o |
dirsction of angles [err]= 180 and y=O0[err][; [err]i¥ -} is.the d]
of the curvature area pI‘OJ ected onto a plane extendi nglaparaﬂl'leIMARo

streanli ned surface; k 0.3 to 0.7 is the coefficientj

Al Alerrlg 1,

coeffici enﬁieggn%hﬁpiai%%ﬂfoﬁ he section, -1<Alerr] <1)

In the known USA Patent No. 4690211 the heat exchange tube
i3 provided with at least one row of projections (convexities)
on its internal surface along the spiral curve, and the outline
of the cross segtion of these convexities consists of smooth
curves in any part along the height of the projections, including
the base. In this case the Section area monotonically decreases
towards the projection top, whereas the projaction height is
from 0.45 to 0-6 mm. The Spiral curve is selected so that a
"circumferential™ pitch of 3.5 to 5 mm is obtained, whereas

 the .pitch along the axis is 5 to 15 mm. In particular, the

sections of the projections may have a.cilrcular, elliptical ox
extended shape. :

However, the authors of the Patent failed to point out thse
relations between the dimensions of the projections and pitches,
characterizing the layout of the projection, and the diametar
of the tube and the conditions of flow of the heat carriex.

The data presented by the authors are naturally applicable to

.tubes, the diameter of which is about 15 mm =~ the authors

indicate the results of the thermophysicel experiments only
for tubes of the given diameter. Besides, the authors do not
indicate the rmdii of the curvatures of the sections, on which

"':the smooth portion of the tube changes over to form the project—

ion surface. If one judges by the drewings of the given Patent,
such a transition is supposed to have a zero curvature radiuns.
At the same time it is known that these curvature radii deter—
mine the value of the hydresulic resistance and hence tha
thermophysical efficiency. In addition, the Patent contains

no indications concerning the optimum, from the .thermophysical

.point of view, relation of the projection height to its diameter,

though this relation strongly influences the heat transfer and
hyd.raulic resistance measures.

It is obvious that since the turbulent flows of ths heat
cerriers are three—dimensional even in case of establish:!ng
two—dimensional boundary conditions -and since a three—dimension-
al relief is Qistinguished for its greater variety, thus ensur—
ing the realizability of a larger number of degreses of freedems

\
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the depth of the cavities or converities h is 0.005 to OR L@F&?"ﬁéﬁ SHEET
t i ckness of the boundary |ayer or of the equival ent byfprxalic dianeterjo
the duct, the curvature area of the concavities or convpxitilet MAR 189h &
pl ane perpendicular to the streamine surface, a compnitangent with fhge
transition area, which is tocated between3tke adjacent foncavitiesi or

convexities and-which is nmade in the shape of a biourv 1 th
ad. Rd, Rk nmeéni thet heléaityoviindd ¢hatheomear wall area of the flow, one

should expact a high degree of thermophysical efficiency
in case the appropriate three—dimensional relief is selected.
Howaver, aven the simplaeat streamlining laws for three—
dimensional reliefs have been investigated lsss than those of
two—dimensional reliefs. This is connected both with the
relative "young age" of the heat—eand-mass itransfer intensi-
fication methods by means of three~dimensional relisfs and
with a larger variety of possibilities and persmeters, which
ares characteristic of thres~dimensional reliefs. This alsoc
explains the schematism and absence of important geomstrical
t parameters of three—dimensional reliefs in the above Applicat-—
ion, as well as the absence of the relation heiween these.
paramgters and the conditioms of flow and othexr flow charagt—
eristics of the heat carriers.

Disclosure of fh_e Invention

The main aim of this invention is to develop a device for
controlling the heat-end-mass transfer processes, hydraulic
resistance, hoiling, deposition of admixtures from the flows
in the boundary or.near wall layers of gas, liquid, their two—
phase or multicomponent mixtures moving in quets.under no pres—
Sure or undex pressure; control shall he achieved by initiating
¢he generation of large-scale vortex structures and by control-

Ing their development.

The forwarded problem is solved by means of a device -
a streamlined suxrface oxr a heat-and-mass transfer surface, which
is the separation boundary between the flowing continuous '
medium: gas, liquid, their two~-phase or multicomponent mix~
tures and & solid wall (initially smooth, cylindrical, conical,
or of eny other profile), which permits controlling the process
in the boundary layer or in the nesar wall layers of the flow
due to the creation on its surface of a three~dimensional
concave or convex relief with smooth outlines and ranges of
dimensions characterizing this relief and being associated with
the hydrodynamical lengths descxribing the p:éocesses in the
boundary and near wall layers of the flowe The three—dimens~
ional rellef is made in the form of concavities or convexities
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and, whereby the dinension D of the concav)tjes.or.convexis fies
@ long the stream ined surfece is: D=(2 to 40)t , the di geils%g%!%?
curvature area along the stream ined surface is: Pc g(9. 05! ti5=0, D
‘whereas the dinmension 1tr of the transition area al ohgithe-}li-ne

o

he

D

i nterconnecting the centers of the adjacént concaviﬁ es or convexitiesjis:

with roundsd sections and a transition located in a gheckeved
or unstaggered ordexr, and any section of the conceviiies o
convexities along the streamlined surfece will heve the shepe
of a smooth closed ling described by the reletion

_ 2V & # 7 4P
’/5”-"/‘(/2)/"/@0/‘2 *Ar(im " iw g0 )

ZPL _ oy L
+A A7 (Sin == /J’O 3 /0,0)1‘-/1 A/"[Y//L 730 —5 /o’OZ/

where!

riy, 2) ~1is the section redius in the direction of

angle ¢ , counted from the ling intercemmacting the centexs
of the adjacent concavities or convexities, or from any other
line, which lies in the :".nd:'.ce.ted section;

2 = is the seotion height over ths lowarmost pod. n‘b of the
oe.v“cy or the Section distence from the uppermost point of
the convexity;s ' '

rth0)  -1s ‘the redius of the concavit ty or omvexity
3ection in the dirsction of angls ¢ = 09

A/“’../"//i /XO)——/"//Z 0) — 1s the difference beitween the radii
of the concevities ox convexities in the direction of angles
Ye 180° end P = 0°;.
£, — is the dimension of the curvaiure erea elong the
Sireamlired surface; k = 0.3 to 0.7 is the coefficient;

-1<4,<1, :
- ~ coafficignts of the shepe of the ssction
—1<A2<-]."J

the depth of the cavities or convexit ties 2 is in this cass
C.005 to 0.3 of the thickness of ths bou_de.ry layer or of ihe
equivalent hydraulic diemeter .cf the duct, the curvaturs arse
of <the concavities or ocnvexities has, in any cross saction
with regard to the streamlined asurface, a common tangent with
the transition erea, which 1s located beiween ths adjacent
concavitliea or oconvexities and which 1s mede in the shepe of
& bicurvature surface with ::ad_.* meet ng the foliowlng relations
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Ptr = (0.05 to 3) D. The concavities or convexities my b‘?ﬁ%gﬁ@ﬂﬁ”ﬁﬂe

vartices of the parallegrans; the I engths of the sides pf jwhich are wt
Yhe range of 1.05 to 4 dinmensions of the concavities or}conieii MARS"™ AN

i

| N

the vertéx angle [err] is 20 to 90[err]. The relationg ich charactefize
the indicated relief of the concaV|t|e55and conveX|t|e$ have been obtal n¢d
as a result of proc eSSI .g t her nophysiycal asur emen Brief Descripten
of Drawi ngs |1 Iustr ?b 1is afe aoacgs,ay')’ elief Section across

the stream i ned surface

and in this cage the dimension of the concevities or convexi~

ties elong the stree=lined surface is:

D =(2=24)A

the dimension of the cuxvature aerea along the Sizeamlingd

surface 1s:

F. = (0.05 =~ 0.3) D,

wkersas the dimension of the transiiion aree elong the line
interconrscting the centsrs of the adjecent concevities or

convexitiea isa:

{ ¢r = (0.05 = 3)0>.

The concavities or convexities mey be located in the vextics

of the perallegrems, the lengihs of the sides o2 whi
within the rengs o 1.05 to 4 dimezsions of the concevities
or ccnvnx_uies ané the vertex exgle L iz 20 %

The rels 5_@::.3, which oheracterizs the indiceted relief of

‘the concavities &ang convexiiies, have been obtained es a result

of processing the thermophysical measurements.

3rief Description ¢f Drawings

Ellustrated in Fig. 1 is the corecaviiy relief sectior

gcross the gtreamlined ausfage.
Fig. 2 presents ths ftop view on the strsamliz

Best Embodiment

sd surface.

Phe convgxliiles rslie® sSection across the streamlized
suxface is similar to the ralisf ggciion of the concevities
ghown in Fig, l.

-

The streamlined surfece consists of concevities (1)
(convexities), which include curvatuwe areas (2) end trensi—
tion axeas (3). ' '

When a continuous medium flow runs past a suxface provided
with concavities (convexities) containing .elsments of the
indicated dimensions in the near wall evea at & distance of .
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Fig. ﬂhES&%ﬁWsBeeﬁlﬁk@p]& (p view on the streanlined surfaces Best Enbodi nent

The co section across the streamined. surface is silinmar
to thej\r{ﬂwamﬁg mm of the concavities shown in Fig. 1. The streanlined
surfac oncevities (1) (Convexities), which include curvature
areas (2) and transi- tion areas (3). Weh a continuous nedi um flow runs
past a surface provided wth concavities (convexities) containing el enents
of the indpgadsdtd BB frilfcitaddnane bowhddtrd e o ahaeqel vdlant
hydraulic diameter of the duot, three—dimensional velocity
and pressure fields of the continuous medium ars formed. Ths
three—dimensional features of ths velocity and pressure figlds
alongside with the inertia forces, which originate in the near
wall layers of the flow due to running of the flow past the
convexitiaes or concavities, result in the generation of
Goertler vortices and other large—scale vortax structures,
including tormado—like ones. The indicatsd ranges of the di~
mensions of tha concavity or convexity elements ensurs gsne~—
ration of vortex structures resulting in their self-organizat-
jon, which is favourable from the point of vliew of the inten-—
sification of the heat-end-mass transfer and of the other
processes, which take placs.in ths boundary or near wall layers

of the continuocus mgdium flow.

The smooth sl:mpés of the threse-~dimsnsional rslief of conca=—
vities or convexities, the presence of a transiticaV¥in the
shape of a bicurvaturs surface between the concavities or
convexities ensure, according to proposed invention, the

" dynamical properties of the large~scale vortax structures and
the possidility of their alignment with the main £low; ?his
has found its expression in the lagging incrsase of ‘the
hydraulic resistance as compared with the increase of the heat
o r mass transfer intensity, and in some cases thers is even
a decrease of the hydrsulic resistance as compared with the
hydranlic resistance of smootkh surfaces.

In addition, the realization of the proposed device results
in a visible decrease of deposition of foreign impurities fram
the heat carvrier onto the streamlined surface. 2Phis fact is
conns cted with the directness of the gensration of Goertler
and tornado-like vortex structures, which increase the trans—
fer of the mass, the admixtures included, from the wall away
into the flow core.

"According to the invention, the smoothness of the Stream—
lined relief ensures alsc an increased corrosion resistance
of the streamlinsd surface when continuocus media ars used,
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-6- 0.005 to 0.3 thickness of the boundary |ayer or an equival ant
hydyraulic. diamater of the duct, three-dinensional velocity and pressure
fiel ds of the continuous mediumare formed. The three-di mensional features
of the velocity and pressure fields alongside with the inertia forces,
which originate in the near wall |ayers Bf-the flow due to running of the
fl ow past the convexities or concavities, result in the generation of

which usually involve corrosion processes. According to the
data of the experiments, the peculiarities of the mass trans-—
fer, originating due to the generation of large—scale vortex
structures, decresase the probability of the origination of
electrochemical prooesses on tha surface of the claimed device
provided with a relief. '

The use.-of a three~dimensional concavity or convexity
relief of +the indicated paremeters results in & noticeabls
inocrease of the critical heat flows within a wide rangs of
liquid pressure, mass veloclty of the heat carrier and a xe-—

- Qative vapour content. The shift of the oritical heat transfer
towards high thermal loads as the flow runs past the surface,
provided with the indicated relief, is caused dby the formation
of a heated surface of large—scale self-organizing structures,
tornado-1like structures included, by means of which the vapour
bubbles ars evacuated from the area surrounding the concavity
or convexity and taken away from the.neer well layer-into the
flow cors. Favourable to this is also the smoothness and the
three—dimensional features of the relief, since they contribute
to the ochange of the directions of the orlientation and twisting
of the vortex structurese.

Industrial Use

' The invention may be used in various power engineering emnd
heat-and-mass transfer systems, as well as in any othexr branche:
where there is a demand in intensification of the heat-end-
mass transfer at a limited increase of the hydraulic resistancs.
In particular, the invention is used with various kinds of
transportation facilities, in gas turbine units with cooled
blades, in nuclear power assemblies with high-flow neutron
Sources, in steam generators, heat exchanseré, as well as in
other energy transfer apparatuses and devices.

\\
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Goertler vortices and other |arge-scale vortex structures, includi ng
t or nado cated ranges of the di- nensions of the

concavity nts ensure gene- ration of vortex structures

resul ti ngmnmﬁﬂ"mynlﬁmgm zat- ion, which is favourable fromthe point
view of *the | Rtem- sif4cation of the-hBat-and-mass transfer and of the

other processes, which take place in the boundary or near wall |ayers of

t he continuous nediumflow. The m shapes of the three-dinensional
relief of conca- vities or conve 'eéS, the presence of a transition area

in the shape of a3 bi g Vel A4Sl 345 & 360 0] 910 Yt bHE e R ADSRY o880 P 02 thg
progess in the boundery and near wall layers of the continuous
medium £lowS and whish 4is poovided wiitlh: e threes—Aimensional
relief is cheracterized by the fact that the three—dimensional
relief is rede in the shape of goncevitles or convexities (1);
there are curvature areas (2) and transition (3), end that eny
section of concavities (1) or of the convexities along the
streemlined suxface has the shape of a smooth ¢losed line,
descrived by the relat ic”: ' |

o) =(E) [ r )5 + (75~ 3 n4E )
+A,ArfSinggs = sin fw) * A’W(S”?'/Jo 25’“ I;afg)]

whexe:

/.-{y 2) — i8 the ssction v-e.d_u.s in the direction of angls :
counted -Zrom the -Lins interconnecting the centers of the adjasent
concevities oxr conveﬁ.t:’.es, or Zrem eny line, which lies in the

indigated ssction;

Z — is the section height over the Lowermost point of +the
- goncayity or section distance fxom the uppermost point of the
convexity;

/‘“(/7 0) - i3 the “'&.dit.“ of the ocncavity oxr gonvexilty
sect:.c" in the directiczn of angle ¢ = 0°;

AF=rfh, i120)- +{h0) — is the difference between the radii
of the concavity o> convexliy sgction in the direction of
angles ¥ = 180° ena ¢ = 0% | _

£, - 1s the dimensioz of the curvature aree along the
sireemlined surface; 2 = C.3 %0 0.7 13.the coefficiext;
~l<i,<l,
) ~ goafficient of the shape of the sestion,
L<a <l | .
the depth of the concavities (1) ax convexities /. is 1y this
case 0,005 $0 0.3 of the thickness of the boundazy layer or
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convexi t| sur ding to proposed invention, the dynam cal

' propertle Mﬂ al e vortex structures and the possiblity of their
al i gnment $ giow this has found its expression in the |agging
i ncrease of the Lhyd’ratg reS| stance as conpared with the increase of the

heat or mass transfer intensity, and in 8ofe cases there is even. a
decrease of the hydraulic resistance as conpared with the hydraulic

resi stance of snooth surfaces. In additions the realization of the proposed
devi ce resoft $heneguivglont dHpdreadtcoliamaber todnting ddﬁfuﬁﬂhélﬂu¥Vakhgﬁ

fromthe hgakaCapni &F €BhCabARAvLEL8H! bRCEoNVE +0E8Fes MU, TACI LS (uosa

' Bection with regaxd to the sireamlined surlace, a gommor tan—
gent with the trensition area (3), which is located butween
the edjeceni concavities (1) or converlities end whigh is made
in the shape of a bicurvature surfece with redii meeting the
following relations:

- 2 ' .
{Rcﬂ’;?ﬁ' and iRcZIZ';ﬁ’
in this case the AQimension of the concavibies (1) oz convexi—
ties along the streamlined surface is

D=(2<40)2,
the dimonsion of the curvature axrsa (2) alang tha gtregplinea
suxface is _ -

£, = (0,05 +0.3) D,

wherses the éimension of the transition area (3) along the
line iniercornscting the centers of the adjacent ccnoavi ies (1)
or convexities z.s )

e £ = (0005 - 3) D.

2. A suxrface a3 cleimed in Cleim 1 cheractierized in thet

he cente=s ¢ the conceviiies (1) or convexii{les ere loceted
n the vertices of a perailelogram, the lengths of the sides

o2 which are within the rangs of 1l.05 to 4 dimensions of the

‘corcavities (1) or convexities end the vertex engle is

"Ln=20 to 90°.

1 X
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Gennady Iraklavioh Kiknadze
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connected with the directness of the generatlon of CGoertler and

t ornado-1ike vortax structures, vhit"ch incfease the trans- fer of the mass,
the adm xtures included, fromthe wall away into the flow core. According
to the invention, the snoothness of the stream lined relief ensures also
an increased corrosion resistance of the streanlined surface when

conti nuous nedi a are-used, -7- - 10 -

STREAMLINED SURFACE
ABSTRACT

A streamlined surface has concavities (1) (convexities),
"the cross-section of the concavity (1) (convexity) has the
form of a smoothly curved closed line described by a
certain relationship, the depth of the concavities (1)
(convexities) h=0.005-0.3 of the thickness of the boundary
1ayef, the curved areas (2) of the concavities or
convexities have a common tangent in any cross-section
transversal to the initial surface with a transitional
section (3) in the form of a surface of double curvature
with radii/R.,.,/23h and R_,,/23h. The size of the
concavities (1) (convexities) along the streamlined surface
equals D=(2-40)h, the size of the curved area (2) along the
streamlined surface is 1,=(0.05-0.3)D, the size of the
transitional section (3) along the line connecting the
centres of the concavitieé-or._convexities is 1,=(0.05-3)h,
and the centres of the concavities (1) or convexities are
located in the vertices of a parallelogram with the sides
equal to (1.05-4)D and with an angle at the vertex a,=20-
90°,

FIGURE 1. :
- REPLACEMENT SHEET

11 MAR 1997
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mhlch usual ly i nvol ve corrosion processes. According to the data of the
experinents, the peculiarities of -the nass: trians- fer, originating due to
the ‘generation of |arge-scale vortex structures, decr ease t he probability
of the origination of electrochem cal processes on the surface of the

cl ai med device provided with a relief. TEe use of a three:di nensiona
concavity or convexity relief of the #ndicated paraneters results in a
noti ceabl e increase of the critical heat fqws within a w de range of

i quid pressure, mass velocity of the heat carrier and a re- Lative vapour
content. The srng :

_ g of the crltlcallheat transf er
.

) 1 FIG. £
Ls
- B Lor

FIG.2
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towards high thermal | oads as the flow runs. past the surface, provided with

the iddicated relief, is caused by the formation of a ,h'ea‘ted surface of

| ar ge-scal e sel f-organi zi ng structures, tornado-l|ike st poettes—-helided,

by means of which the vapour bubbles are evacuated from tH%fa“lﬁ&CéMENT SHEET

surroundi ng the concavity or convexity jand taken away f{omthe—rear—wea

| ayer into the flow core, Favaourable_to this is also the <n%{'hr}§ smggd t e
0

t hr ee- di mensi onal features of STREAMBINGD SURFAEE( hey coft 1 t he

change of the directions of the orii_ri_ttation and tw sti phg "of—the—vortex
structures. Industrial Use |
. The invention relates to hydroasrcdynamics and to thermal
physics and concerns devices to control the boundary and near
wall layers in the flows of continuous media Such as gases,
 1iquids, their two-phase or multicomponent mixtures and the
like, moving alomg ducts under no pressurs or under pressurs.

Prior State of Axt

The majority of widely used devices intended for heat-—end-—
mass transfer intensification requirs considerable power con—
sumption for pumping the heat carrisr.

In the last ten years app.roach.es to the problems under
discussion have been developed, which are based on the utili-
zation of the peculiarities of vortex. dynamics of a continous .
mgdium flowing past three—dimensional reliefs. Thus, according
to USA'?aten‘_b 3741285, devices are proposed, which are provided
with wavy surfaces or with surface elemqnts of such an amplitude,
such a deflection in the direction of the ﬂ_ow, bypassing these
devices, and such a longitudinal and laeteral distribution of
these properties, which result in the creation and intensificat—
ion of the vortices in the boundary layer.

In this case, in particular for elements having the shape

of concavities, the recommended depth is 0.5 to 1.0 5 whers
is the depth of the boundary layer, whereas the period of

location of such elements is 3 to 20 d. This limits the
quantitative measures of the elements of the devices discussed
by the author. In this connection it should be noted that the
author of this Patent failed to meske any advance towards the
solution of the stated -problem or to proposs any concrete shapes
of three-dimensional elements of the relief, with the excepiion
of the geometrical constructions, which are directly not con-—
nected with the vortex dynamics mechanism.

Let us examine the inventions, in which claimed are these
or other kinds of reliefs in the shape of qonvexities or gon—
cavities and which are mostly close to those proposed in the



The invention may be used in vaxious power engineering and heat-and-mass °
transfer systens, as well as in any other branches, wre-ttereTs a-dermand
in intensification of the heat-end- mass transfer at § REMWEWC&& b [of
the hydraulic resistance. In particular, the inventior USed—WrtiTV3ar i jous
kinds of transportation facilities, in gas turbine uni ts wptgh Igggg
bl ades, in nuclear power assenblies wth=h2gh-flow neutrpn sources

st eam generators, heat exchangers, as well as in other{ energy tranSTer

appar at UG suiit APPresation.

In the known USA Patent No. 4690211 the heat exchangs tube
£ provided with at least cne row of projesticns (aonvexities)
on its intermal surface along the sSpiral curve, and the outline
of the cross section of these oonvexities consists of smooth

' curves in any part along the height of the projections, including
the base. In this case the sSegtion area monotonically decreases
towards the projection top, whereas the projection height is
from 0.45 to 0.6 mm. The spiral curve i3 Selected so that a
#oircumferential® pitch of 3.5 to 5 mm is obtained, whereas
4he .pitch along the axis is 5 to 15 mm. In particular, the
sections of the projections may have a circular, elliptical or
extended shape.

Howaver, the authors of .the Patent failed to point out ths
relationé bBetween the dimensions of the projections and pitches,
characterizing the layout of the projection, and the diameter
of the tube and the conditions of flow of the heat carrier.

The data presented by the authors are naturally applicable to
tubes, the dlameter of which is about 15 mm — the authors
indicate the results of the thermophysicel experiments only
for tubes of the given diameter. Begides, the authors do not
indicate the radii of the curvatures of the sections, on which
the smooth portion of the tube changes over to form the project—
ion surface. If one judges by the drawings of the given Patent,
such a transition is supposed to have a Zero curvature radius.
At the same time it is known that these curvature radii deter—
mine the value of the hydraulic resistance and hence the
thermophysical efficiency. In addition, the Patent cgontains
no indications concerning the optimum, from the.thermophysical
.point of view, relation of the projection height to its d:!.amete:.-,
though this relation strongly influences the heat tzanafex and
hydraulic resistance measures.

It is obvious that singe the turbulent flows of the heat
carriers are thres-dimensional even in case of establishing
two—dimensional boundary conditions and since a three—dimension-

" al relief is digtinguished for its greater variety, thus ensur—
' ing the realizability of a larger number of degrees of freedems

¢ )




- 8.‘- Clainms The A streanii néd surface, which ensu q&p}_g‘ggmﬂfoéﬂéﬁ‘]e

process in the boundary and near wall |ayers of con{inuaus nediumi]ows and
which is provided with a three-di nensional relief chaf a(‘?t ri zegsgg sai d
t hree-di nensional relief being made in the shape of{- 2 b com¥aa i bstor

convexities (1),
..3_

in the velocity field in the near wall ardaof—the—fiow;—one
should expect a high degree of thermophysical efficiency
in case the appropriate three—dimensional relief i3 selectaed.
However, aeven the simplest streamlining laws for three-—
dimensional reliefs have bean investigated less then those of
two—dimensional reliefs. This is comnnscted both with the
relative "young age" of the heat—and-mass transfer intensi-—
fication methods by means of three—dimsnsional reliefs and
with a larger variety of possibilities and parametars, which
ars cheracteristic of three—dimensional reliefs. This alsc
explains the schematism and absencs of important geomsirigal
paramgters of three~dimensional reliefs in the ebove Applicat—
ion, a3 well as the absence of the relation hetween thase.
- parameters and the conditions of flow and othexr flow charact—
eristics of the heat carriers.

Disclosure of the Invention

The main aim of this invention is to develop a device for
controlling the heat-end-mass transfer processses, hydraulic
resistance, bolling, deposition of admixtures from the flows.
in the boundary or.near wall layers of gas, liquid, their two—
phase or multicomponent mixtures moving in ducts under no pres-
Sure or under pressure; control shall he achisved by initiating
¢he generation of large—scale vortex structures and by controle

Ing their development. '

The forwarded problem is solved by means of a device -
a streamlined surface or a heat-and-mass trensfer surface, which
is the separation boundary between the flowing continuous '
mgdium: gas, liquid, their two-phase or multicomponent mix—
tures and a solid wall (initially smooth, oylindrical, conical,
or of any other profile), which permits controlling the process
in the boundary layer or in the near wall layers of the flow
due to the creation on its surface of a three—dimensional
concave or convex relief with smooth outlines and ranges of
dimensions characterizing this relisf and being asscciated with
the hydrodynamical lengths describing the processes in the
boundary and near wall layers of the flow. The three—dimens—
ional rellef is made in the form of concavitlies or convexities




- ,‘ curvature areas (2) and - transition areas (3)
any séction of said concavities (1) or convexities alo E%W*%y
surface has the shape of a snmooth closed |ine, describegd{by the relati
r([err],z)=(Z/h)k [r(h,0) - lc/2 + [err]r([err]/180 - 24 1AM 1998
(1/4[err])sin(4[err]/180)) + [err]1[err]r(sin([err]/]80) {-
(1/3)sin(3[err]/180)) + [err]2[err]r(sir{2[err]/180) -
(172)si n(vﬂgﬁ l'/ 189.a)d ]dec\@learn?s and a transition located-in—a—checkezed —!
or unstaggered order, and any section of the goncavitiaes ox
convexities along the strsamlinad surface will have the shape

of a smocath closed lina d.eac::.'.he'd by thae ralation

4TP
’/5""} /ﬁ)///‘o} -"'“"/:o m iz 730
/ wa

whaexe:

r(¢,2) - is the section radius in the direction of
engla ¢ , counted from the line intercomnecting the centers
of the adjacent concavities or convexitises, or from any othar
line, which lies in the indicatad section;

‘2 = 1is the segtion height over ths lowarmost peint of tke

corcavity or the section distance from the uppermost point of
' the convexity; :

F(h,0) —1is the radius of the concavity or camvexity
seaction in the direction of angle P = 0°%;

AF =+t 180)-+(A0) —-1s the difference batweex the radil
of the ccncavities or convexities in the dixection of anglas

f=10°ma ¥ =0°%

£. —1s the dimension of the curvature area Projected ontoa
plane extendmgparallel to the streamhned surface; k = 0.3 to 0. 7 is the coeffi cient;

-1 < Al< 1, |
- goefficients of the shape of the section
-1<'42<1

the depth of the cavities or convexities /2 is [in—shis—cese]
0.005 to 0«3 of tha thickness of the boundary layer or of the
ed_uivalenf hydraclic diamater of the duct, the curvature area
- of the concavities or convexities has, in -a planc perpendicular to
with—regard-$o- the streamlined surface, & common tangent with
the transition area, which is locatad hetween the adjacent
concavities or convexities and which i3 made in the shape of
a bisuxvature surface with radii R, R, meeting the following relations:




- r([err],z) is the section radius in the direction of angle [err] counted

fromthe:line interconnecting the centers of the adj acent_convacities or

convexities, or fromany line, which lies in the indicat§dys NI A
t he section height over the | owernost point of the concaf?% E&&'@m SHEET
di stance fromthe uppernost point of the convexity; - r(h, ® 1s the radris
of the concavity or convexity section in the direction o gm@é [ANrBO8
O[err]; - [err]r=r(h,180) - r(h,0) is the ¥ifference befwgen the
>
| 24[2 34 and.lx | z3k

and mrib_y the dimension D D of the concavities or convexi-
ties along the streemlined surfacs :Ls:

D=(2t40) A

the dimension 1, of the curvature area along the streamlined

surface 1i3:

whereas the dimension ltr of the transition area along the llne

:nte:connacting the centezs of the addacent oongavities ar 7
convexitieas is:’

f 4x = (0.05 t_DBIn.

The concavities or convexities may be located in the vertices
of the parallaegrams, the lengths of the sides of which are
within the range of 1.05 to 4 dimensions of tha cancavitiaes,
or convexities and the vertex ergle o, 1s 2 to 90°.

- The relations, which characterize the indicated relief of
ths concavities and convexities, have been obtainsd as a result -
of processing the tharmophysical measuremsnts.

Brief Description of Drawings

: Illustrated in Pig. 1 is the concavity relief secticn
~ agross ths st:aamlined surfacs.

Pig. 2 presents the top view on the streamlined surface.

_ Best Embodiment
The convexities relief section across the streamlinsd
surface is similar to the relief section of the goncavities
shown in Fig. l.

The streamlinad surface consists of consavities (1)
(convexities), which include curvaturs areas (2) and trensi-
tion areas (3).

When a continucus medium flow runs past a surfaga providad
with concavities (convaxities) containing eleamants of tha
indicatad dimensions in the nsar wall arsa at a distancae of



-9-:r§dLi of the concavity or convexity section in tfn ngl es
[-err] = 180[err] and [err]= O[err]; - 1c is the di ﬁgﬁméﬁé\%ﬁ?vgture

- k=0,3to00,7is a coefficient; - -1< Al <1, -

area projected onto a plane extending parallel to thHe Ffream ined surflce;
t he shape of the

t pf

5 2 lcoHi 1398
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9.005 to Oe3 thickness of the boundary lay
hydraulic diamaeter of the duct, three—dimensional velocity

and pressure fields of the continucus medium ars formed. The
thrage—dimensional features of the velocity and pressure fields
alongside with the inertia forces, which originate in the near
wall layers of the flow dus to rumming of the flow past thae
convexities or concavities, result in the generaticn of
Goertler vortices and cother large—scala vortex structures,
including tormado—like ones. The indicatad rangss of the di-
mensicns of the concavity or convexity elements ensurs gsne—
ration of vortex structures resulting in their self-crganizat-
jon, which is favourable fzom the point of view of the inten—
sification of the heat-end-mass trensfer and of the other
processes, which take place.in the boundary or near wall layers
of the continunous maedium flow. '

The smooth shapés of the three—dimensional relief of conca—
vities or convexities, the presence of a transition area in the
shape of a bicurvature surfacae between the concavities oxr
convexities aensure, according to propesed invention, the
dynamical properties of the large-scals vortex structurss end
the possibility of their alignment with the main flow; this
bas found its expression in the lagging increase of ‘the
hydraclic resistance as compared with the increase of the heat
or mass transfer intensity, end in some cases there is even
a decrease of the hydraulic ressistance as compared wifh the
hydraulic resistance of smooth surfaces. |

Tn addftion, the realization of the proposed dsvice rasults
in a visible decreass of dsposition of foreign impurities fram
the heat carrier onto the streamlined surface. ZThis fact is
somms cted with the directness of the generation of Goertler
md tornadeo—like vwortex structurss, which increase tha frans-
far of the mass, the admixtures included, from the wall away
into the flow core-

According to the invention, the smoothness of the stream—
lined relief ensures alsc an -increased sorrosion resistance
of tha streamlined surface when continuous media ars used,




secti on,

- -1 <A2<1, - in a coefficient of the shape of the section, -

the depth of the concavities (1) or convexities his 0,005 to 0,3 of the
t hi ckness of the boundary | ayer or of the equival ent hydraulic dianmeter of

t he duct,

- the curvature area (2) of the concavities or convexities has,

in a plane perpendicular to the streamined surface, a common tangent with
the transition area (3), which -7-

which usually involve corrosion procaesses. Agcording to the
data of the experimenta, the peculiarities of the mass trans—
far, originating dus to the generation of largs—scals vortex
structures, decrease the probability of the origination of
elactrochamical processes on the surface of the claimed devics
provided with a relief.

The use-of a three—dimensional concavity or convwexity
relief of the indicated parameters results in a noticesbls
increase of the critical heat flows within a wide rangs of
liquid pressure, ma3s velocity of the heat carrier and a re—
lative -vapour content. The shift of the ocritical heat transfexr
toewards high thermal loads as the flow runs past the surface,
provided with the indicated relief, is caused by the formation
of a heated surface of large—scale self-organizing structures,
tornado-like structurss includ.ed-, by means of which the vapour
bubbles are evacuated from the area surrounding the concavity
or convexity and taken away from the.near wall layer.into the
flow ocore. Pavourabls to this is also the smoothness and the
three—dimensional features of the rellef, since they contribute,
to the change of the directions of the orientation arnd twisting
of the vortex structures. '

Industrial Use

'Phe invention may be ‘used in various power engineering and
he¢at-and-mass transfer systems, as well as in any other branches,
where there is a demand in intensification of the heat-end-
mass transfer at a limited increase of the hydraulic resistancs-
In particular, the invention is used with various kinds of
transportation facilities, in gas turbine units with cooled
blades, in nuclear power assemblies with high~flow nsutron
sources, in steam generators, heat exchangers, as well as in
other energy transfer apparatuses and devices.




I's |ocat en the adjacent concaV|t|es (1) or convexities and which is
rmade i'n ?d‘bELM@‘*“T“a“breuwvature surface with radii Rcl, RC2 neeting the
foll owi ng WM’!]J .>3h and | Re2  >3h whereby the
di mensi on D Olc "ﬂjﬂ |es (1) or convexities-along the-streamined
surface is D = (2 to 40) h the dinension |c of the. curvature—area—y)

al ong the streaniined surface is lc = €0805 to 013RE5LACENENT SHEET |

24 1AM 1998
Claimg :

1. %he A streamlined surface, which ensures control of the
process in the boundary and near wall layers of the
continuous medium flows and which is provided with a
three-dimensional relief i
characterized by
- the—faet—that—the said Ehree-dimensional relief being

48 made in the shape of |

- concavities or convexities (1),

- there—are curvature areas (2) and
- transigtion areas (3), and

- that whereby any section of said concavities (1) or
ef—the convexities along the streamlined surface has
the shapé of a smooth closed line, described by the
relation:

r{p,2z) = (2/h)* [ r(h,0) - lc/2 + .
Ar(p/180 - (1/4w)sin(4mp/180)) +.
A;Axr(sin(we/180) - (1/3)sin(3wp/180)) +
AAr(sin(2mp/180) - (1/2)sin(4wp/180)) 1,

where: _

- 1r{p,2) is the section radius in the direction of
angle ¢ counted from the line interconnedting the
centers of the adjacent convacities or convexities,
or from any line, whlch lies: 1n the indicated
section; . _

- 2 is the section height over the lowermost point of

" the concavity or section distance from the uppermost
point of the convexity;

- r(h,0) is the radius of the concavity or convexity
section in the direction of angle ¢ = 0°9;

- Ar = r(h,180) - r(h,0) is the difference between the



wher eas. t he di nensi on ltr of the transition area (3) ‘along the line

|nterconne ters of the adjacent concaviti n |
is ler= (0, M‘i ﬂi 10 - 2. A surface as clai @%PBLA@“Aﬁﬁ] %ﬁéﬁ- _
characteri nters of the concavities ({l)for convexitie
| ocated in the vortlces of a : 24 JAM 1998
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radii of the concavity or convexity séction in the
direction of angles ¢ = 180° and ¢ = 0°9;

l. is the dimension of the curvature area aleng
projected onto a plane extending parallel to the
streamlined surface;

k =0,3 to 0,7 1is 2 coefficient;

-1 <A <1, - is a coefficient of the shape of the
section, :

-1 < A; <1, - i3 a coefficient of the shape of the
section, : ca

the depth of the concavities (1) or convexities h is
in—-thig—ease 0,005 to 0,3 of the thickness of the
boundary layer or of the equivalent hydraulic
diameter of the duct,

the curvature area (2) of the concavities or
convexities has, in a-ny—efee-s—-see%-rea—v&‘éh—-regafé—%e
the a plane perpendi.cula.r to the streamlined surface,
a common tangent with the transition axrea (3), which
is located between the adjacent concavities (1) or
convexities and which is made in the shape of a
bicurvature surface with radii-Rel, R¢2 meeting the
following relations:

| Ra | 2 3R and . | Ra | 23R

in—thigs—ease whereby the dimensio:f_ll of the concavities
(1) or convexities along the streamlined surface is

D = (2 to 40) h,

the dimension 1c of the curvature area (2) along the
streamlined surface is

1. = (0,05 to 0,3) D,

whereas the dimension 1ir of the transition area (3) along
the line interconnecting the centers of the adjacent
concavities (1) or convexities is

1., = (0,05 to 3) D.



paréILe 0 of the sides of which are within the range of
t.05 to z’ "ﬂlma ,"“ re concavities (1) or convexities and the vertex
angle is'# H Uy Sa: _

’ .S *
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2. A surface as claimed in claim 1
characterized in that the centers of the concavities (1)
or convexities are located in the vortices of a
parallelogram, the lengths of the sides of which are
within the range of 1,05 to 4 dimensions of the
concavities {1) or convexities and the vertex angle is
o, = 20 to 90°.

REPLACEMENT SHEET
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STREAMLINED SURFACE

ABSTRACT

A gtreamlined surface has concavities (1) (convexities),
the cross-section of the concavity (1) (convexity) has the
form of a smoothly curved closed line described by a
certain relationship, the depth of the concavities (1)
(convexities) h=0.005-0.3 of the thickness of the boundary -
" layer, the curved areas (2) of the concavities or
convexities have a common tangent in any cross-section
transversal to the initial surface with a transitional
section (3) in the form of a surface of double curvature
with radii/R_..,/23h and R_,./z3h. The size of the
concavities (1) (convexities) along the streamlined surface
~equals D=(2-40)h, the size of the curved area (2) along the
streamlined surface is 1,=(0.05-0.3)D, the size of the
transitional section (3) along the line connecting the
centres of the concavitie;or' con(rei:ities is 1,=(0.05-3)h,
and the centres of the concavities (1) or convexities are
located in the vertices of a parallelogram with the sides
equal to (1. 05 4)D and with an angle at the vertex a,=20-
90°.

FIGURE 1.
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