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The invention ~elates to hyd.:'oae~od.JT..s.mics end to 

physics ~~d oonoe:n.a davioas to aont:ol ~he boundary a.~d near 

5 wall layers in the !'lows o! continuou.s r.:edia au.ch as gases, 

liquids, ~heir ~wo~ha~e o~ mu.ltioompone:~ m:!.xtu.rea e:c.d ;he 

like, moving alottg d~ots u.?lder ~o presau.:e or un~sx pressure. 

P~ior State of Art 

The ma.jo:ity of widely ~sad devices iL~endad !or haat-end-

10 :ciass transfer inter.sifioa~ic~ r9q~ire cc:::side:eola po~a: ao~­

sumptior. tor pwnpinG the heat car:!e:. 

In the last te~ yee.::s approaches to ~~a probla~s t.mde: 

di.soussicn nave beer.. developed, wilier. ~e be.sec. on the tli:ili­

zation of the peculiarities of v.ortax d.ynen-~as of a aontinouE 

15 medium flowi~g past three-dimensional reliefs. ~h~a, ~coo~d:!.ng 

to USA l?.etei:~ 3741285 de'lioes ere proposed, · wr...ic=.. are provided 

with we.vy .s~i'e.ces o:. with surface eleme::ts o.:f ··au.ah an amplitude 
.. .. . . ··- .. . 

such a deflection in the di recticn of the !low, ·bypassing these 

devices~ and RUCh a lcngit~d.inal and l~to:cl d.ia~:ib~~ior- 0£ 

20 these p~ope:ties, w~ich raSt?-lt ir. the c:eation a..~d ir-t$nsifioat­

icn of the vc:ticas in the bounda:y laya:. 

-l.n •\....: s cs:1 se .; n ""ar•.: c", .. .,.. .;oc .. e~ "'""a,..• .. -:.... .,. •• .; ....... """'"' ....... a ... e 
• ""·..._ ...,.. ) -. .. ~ v.- ""° .... ~ .&.. - .;.v..: ... -"~ ••~•--e:., ""•;;;a: "-*•• l' 

of cortaa.vi ties~ the ~ecoz:::nenC.ad. dap th is c. 5 to l.O 6, where 

d is the depth of the b cu::.d.e..ry le.ye:, vee:eas t!:e p e.!"i od o'! 

25 lo ca ti on o:f suoh eler.:er.~s is 3 to 20 O. ~his liir.i ts. tte 

que.nti~ative measures oz tha elements of the devices discussed 

by the authc:. I~ this conn.action it shculC. be no:ed tr.at the 

35 

au tho: of t:b..!s Pa t:er.i; !a.:!.led. to :n!!.ke e:_y ad.vane e -:owe:C.s the 

solution of the stated p:oblern or to p:oposa any co~c:ete shapes 

cf th~ee-d.i.ma~sional e~~~e~ts o! :he :aliaf, w!.th the axcspticn 

of the geomet:ioal constructions, which e.:e direc:ly not oon-

nected with the vortex dynamics mechanism. ,. . . .,,. . ... . . ..:.-·· 

Let us e.:ta.7J.ne the i:ven~ions, i.: vc.ich. aJ,..ai.:::ted .. ..a.re these 
.: ;· 

o.r other k.!.nds 0£ ~ol.ie::"3 :ln thtt shape or a.onve.x:i ties· 6.r oon-

oavi ties and which a::"a moatly close ~o those p~oposed in the 
~ r": /'"; ff\ .... ii . 
i . ' . 1'' ""''' \ " ~,; -'"-ii ,;; ;"'; • iJ 
ft ~.l ~~ ·-;.4 't• ·4 ·· l r.1 
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In the klo•11:i USA ?ater.t ~to. 4690211 the heat ezoha.11ge tub.a 
:ta p~ovid.ed ·,'Ii-:~ at least one :J:ow of p.ro;ieotions (con.flexitiea) 
or:. its i::te::lal Bl.!.:'fe.oe- along the spiral c~ve, end the outline 

5 of the cross section of these convexities consists of smooth 
c~ves in e:n.y pa.rt along the heig."-lt of the proj actions, i:olu.di: 
the besa. I~ ~his oas~ the seotion area ~onotonioally dec%aases 
tc~d.s t!:a p.:-ojectic~ top 1 wha.r~as tha p.rojaation. height is 
!.ro~ 04 45 to c. 6 mir .. The spi.rel cu.rve is saleoted so tne.t a 

1iQ u . "' . . 1 u • . . .:0 J 5 . 5 . . .. ai h - 01.rcur~e=e~~~a- pi~cn a~ • ~c n=i is oo~ ned, w e~aas 
"'h ..... ; +- r- e1 ,..-~· II. e :f- II c... - .., • .;.~ 
sections .. . . 

O!: :::a 
extended shape. 

the a.:r..:!.s is 5 to 15 mm. In partiouls.:, the 
projections me.y have a ci:cule:, elliptioal or 

Howeve:, the autho:s oi the Paten.t failed to point out the 
· 15 :elations b.etwaen the dimen~ions of the ~.roj actions end pitohes: 

_oha.racteriz!=g tha layo~t o! the projection, and the diatleter 
oi the _tube .end the conditions o:f f'low ot the heat oe..r.:-ia.r. 
T_he_. data p~es~~ted by the autl:.o.rs a.re natu.re.ll,y applicable to 
tubes, the die.mete.r ·of which is about 15 :m:i .... . . .. une aui;nozis 

20 i.:idicate t:t.s re.aul ts of tr..e thermophysical exp'e.ri~ents only 
for tubes o: the given d!SJ~ater. Besides, the authors do not 
i~dicate the :ad.ii o! tna cu:vatu:ea of t~a sections, on whioh 
the smooth pc:tion cf the tube changes over to f'o:m the project· 
ior. su:~aoa. I! ona judgea by the drawings of the given Patent 1 

25 such a ~:ansition is su~posed to have a ze:o cu:va~u~s :aCius~ 
At thQ RACQ t~~A i: ~9 Known ~na~ ~hASA c~v.e~u.re r~o.1~ dete::­
m:.!!.e i;~s v~l.\.4~ u..r lilJ.c ll,y\l:a14l.:t...~ ~as:t.s1i~oe &l.d. n.e-a.o« th.Q 

JO 

"""" 0 -moo"~s.; ....... , r.. ... ~\il ..... J.U • ••.J ..:..v...,,_ 

no ind! ca ti or.s 
'""O;,.,t o~ ,,-! .!!I'" ~ ...,,.. - \;-QHJ 

e!ficianoy. In add1 iiior., "the Patez::: oonta~r.s 

oonce.rr..tng the optimum, !:om the ther.nophysioal 
.relation of the p:_oj eotio~ height to its diamete. 

though this :ela~ion st:o:igly ini'luanoes the hea~ trar..efa: and 
~y~a~lic :asista..~ce m&as~ss. 

!~ is ob'!!ous t~at since the tu.rbulant flows of the heat 
ce.::ia:s e.:ia th.:"ee•-i_itn.en::iional even in ce.sa of asta'blisi:',,j_"lg 

35 twc~..imenaioi:al bou::.da.ry oonc!:!. tions and since .r-l -:h...rae-dimen!U.or. 
al rol!a~ is d.ist~~0uiahed fo~ its gr~at$~ variety, thus ensw:-
i 'l"l:Z i:hA rAR.:~::abil! ~.'/ O°f a l~-~ %l-ll..'n09.!" O'f 

~· 
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in the velocity field in the ne~ wall area of the flow, one 
sr.ould expect a high deg:ee of thermophysical effioienay 
in oase the approp~iete th:ee-diQensionai relie! is selected. 
Eoweve.:-, eve:: the simplest st.ree:nli:ll.ng laws fo: three­
d.imonsionel :el!efa have been investigated less .than -;hoae of 

two-dimensional reliefs. This is connected both 11ith the 
.raleti ve 11 young age" of' the heat~d-mass t:ansfe.:i intensi-
f! ca ticn methods by meez:.s of three-d:L~ensior~l ~sliefs e.z:.d 
vdth a large: veriaty of possibilities a..~d parameters, whioh 
are characteri~tic of tr~ee-d.1.me~sio~al reliefs. This also 
e.xplc:.l!J.::i ·f;!Je 3cherr.atiam and abaenott o:t i::npo.rte.n; g~omttt:igal 
parar.iete~s of three-dimensional :eliera in the above Applioat­
!on, as well as the absence ot the.releticn between these 
pe.ramate.rs e...'ld. the conil ti ens of now and. other flow oh~aot-

Disclosu.:-e of the !nvantion 

The ~.a.7-~ a~m of this invention is to develop a device fo~ 
cont~olling ~he heat~d-me.ss t~a?l.Sfar p=ocesses, hyd.raulia 
resista....~ce, boiling, deposition of ad..~ixturas f:o~ the flows 

20 in tha boundary or ,nea.r wall le.ya.rs o:f gas 1' liqu!d, thei.r two­
phasa o.r :nul ti component ,mixtures mo vi!'...g in. duats u.."'lde.r no p~es­
aura o: ur.de: p:essu.re; control shall be ac.hiaved by initiating 
the gane~ation of la:ge-soale vortex struct~es e.??.d by aont~ol­
ling the.1: de valopm'ent. 

- 25 Tho .fo.rwa:ded p,:cblom ia solved by moa..."'l.s 0£ a dev:!.oe 

). 

a stiearnl:!...~ed surface or a heat-a:id-mess trensfa~ au.rfaae, whio! 
is the sape.=etior.. bo~"l.da.ry between the :flo•.-.-i:-..g cor:tinuou.s 

madiu:i gas, liquid, their two~hase o~ :ultioocpcnent .mix­
tu..ros end a solid well (initially smooth, cyli~C-""!cal, conical, 

30 or of &l.Y ether profile), wl:.ich permits cont:oll~g tha prooess 
in tha bounda~y laye: or !n the nea: well layers o~ the !low 
due to creation on i~ su~faoe of a tr..:ee~ensior.al 
concave or convex relief with smooth outlines end =a:igea o! 
dimensions c~s.racte:izi?J.6 this relief and bei.~g associated with 

.J!5 t.tid !1.)'d.:.::ut!_y.r.~.:!l.Lct::.l. 1=u6lil:..:::i tl.e:r~o..:l.u.l.:.r.0 l.l:u' pruce~=a~ 1.n 'the 

bounc.ery and near wall la,ye:s of the flow. '?he th.ree-d.imms­
ional relief is made in the form of concavi~es o: aonvexit~es 

,, 

i i1illUITTiif 
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with :ounded sections a..~d a t:ansition located in a oheoke=ed 
or unstaggored orde:, and a:n.y section o! the oonoe.vities o~ 

convexities along the st:eal?'.linad su:fe.oe will he.ve the sha~e 

of a smooth closed lins described by the relation 

lO where: 

' r (?~ E) - is the section .!'e.d.ius in the di.reotion of 
angle 'f , counted :f'.rom the line interconnacti.ng the aen-;e=s 
of the adjacent concavities or convexities, or from any other 

line~ which lies in the indicated section; 

15 i - :i.s tha section .h0ight ove.r thA lowa.rmoRt point of the 

concavity or the section distanoe !:om the uppermost point of 
the convexity; 

25 

• •.•~a 

!(lz.JD) - is the .i.ea.dius of the oonoe.vity o.:o ·oanvex:Lty 
.::seot.:ton in the direc~io.u o:t' ~•e;le !f a o0

; 

.tJ.r=r(!~, l!O)-r(!2,,0) - is the dif:f'erenca b.etween the radii 

of the concavities or convexities in the di.rection of a..'lgles . 

:f = 180° a=d :f -= o0
; 

ec - is the di:cension o:f the. c~vatu.re area along the 
s~~ea.~lir..ed s~~face; k • O.J to 0.7 is ~he coe!ficient; 

-1< A1< l, ~ -

-l<A2<-l J 
coefficients of the shape o~ the section 

tha depth o!' the ca vi ti as Ol.' conve.xi ties h. is in this case 

c.005 to o.J c: the tr..i.ck:less of the bo~nda:y layer o= o! the 

JO equivalent hyd.:aulic diemete=.of the duct, the curvature a.=ea 
of ~he ooncavi~iea o~ acnve.xities has, in any cross section 
with l.'ega:d to the st=eamlined au:!aoe, a oom.'non tangen; with 

the tra.noition area.,. which is located between the ad.jaa.ent 
conoavitiea o~ oonvexities and whioh is me.de in the shape o~ 

35 a b!cu:vat~s :Sur!ace with :adi.i :neeting the :following .rele.t:Lon.e 
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and in this case the d!.mer.sion of the concavities or convexi­
ties alon0 -:he st.rae'!"'!i ined sur:f'aoa is: 

the dimension 0£ tha cu..:ovature area along the streamlined 
surface is; 

= (0.05 7 a.J) D, 

, 10 

whe~aas the di~e:-.:.Sion of the tra...'"l.ai ti on area along the line 
inte.rcon"'e:-:ing the. centers of the adj ecent concavities or 

I 

convexities is: 

, -_, 

e • (o.os 7 J) n. t.r 
~· ... ne concavities o.r oonvaxitiea ~;ay be locate~ in the ve~tioe 

of tha pe..:"allegre.::.s, the lengths or the sides of which ~e 
wi thill the .range of l.O 5 to 4 dime=.siona of the oonoavitiea 
o.r convexities ~C. the ve.rte.x: ~le ot;, is 20 to 90°. 

~he .relations,"wh.ich oharacteriza the indicated relief of 
the ooncav!ties and co~vex:!.tias, have been obtained as a =esult 
of processing the thermophysic~l measure~e~ts. 

~:ief Deso~!ption cf Drawings 

!llu.st:e"ted. in F i.e;. l is the c·o::.oavi ty rel.ia.f sectioz:. 
across the st:ae.ml~ned su:faoe. 

top view on the atree..~li:!ed su~taoe. 

Bes-: Bmbodiment 
25 The cor.~exities relie! seotion aozoss the streamli:led 

su~face is Simila~ to the relia~ section of the cor.cev!ties 
ah own in Fig.. l. 

T~e st:ea.Tiined surface oor.sists o! concavities Cl) 
(convexities), which i~clude curvat~e areas (2) elld trenai­

JO tion areas (3). 

When a co:ti~uous med:!.um flow ~t.::!S past a su:face p~ovided 
w:!.th concavities (oonve.x:f.ties) oontaining .elements o: the 

i..""ld:!.ceted d!rnansions in the nea.:- wall a:ea at a distance o~ 

I . 
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0.005 to o.J thickneas of the boundary layer or an equivalsnt 
hydraulic d.!acetar of the duot, ~.h.ree-d.imensional velocity 
and p~esa~.:.-o fields c: the ocni;iill..loua :::icd.:!.um o.:.-s £or.ned. !he 
three-dime~aional featu.::es o~ the veloi:i ty and prsssl!re f1olde 

5 alo:ri..gside w:!.th the inertia fc:oes, which o.rigine:te in the near 
wall lays:~ o~ the flow due to ru:m.ing of the flow past the 
convexities or concavities, result in the generation of 
Goe~tle.r vortices a~d othe~ large-soale vo.rtax st.ructu.rea, 

lO 

. . 
including to=nado-like ones. The indicatac ranges of the di-
mensions of the co~cavity o~ con.va;d.ty elements ens~e gane­
ration of vortex structures resulting in their self'--o~ge.nizat­
ion, wh.ic~ is favourable fro~ the poi~~ of view of the in.ten-
sification cf the hee.t-e.nd-mass t:ens~er a...~d of t~e othe.r 
processes, which taka :place in the bounda:y or nee.: we.ll laye.=: 

15 or the conti~uous medium £low. 

The s:nootb shapes cf the threa-dirnensional .relief cf conca­
vities o: convexities, the presence o! a t:e...."lSition in the 
shape o~ a bicu.rvati..µta· su.rfaoe between the .conoevities o: 

- '~ convexities ensure1·· ·acoo.rd.ing to :p.ropcsed invention, the 
aJ ~ynaz:-~cal p:operties of the lerga-ecale vortex st:uct~es and 

the pos,gibil!ty of tha:i..:e alignment wi-:h the main !low; this 
has :Cot!!1d i;s o.xp.::assion in the lagging inorease of the . . 
hydraulic :esistancs as compared with tr.e ir.c:ease of the heat 
o.r mass t:an:::fe.r intens:tty, a=.d in s.ome c·asas the:e is even 

25 · a decrease cf the hydraulic rasista..~ce as oon:pare~ wi~h the 
hydraulic r9Sistance of smoo~~ ~u:feces.. 

In adc.it!c~, the realization of tha ?:opcsad device ~asults 
in a visible decrease of deposition of foreign impu.:-ities t~om 
the heat ca::ier onto the st~aa..~li~ed su~feoe· This !act is 

30 comie cted. w:..-:h the d.i.::eotneas of the gene.ration o~ Goe.=tla: 
e.r..d tcr~e~c-lika ~o~tax st~uc~u.rea~ w~~ch inc~Aase the t:Ans­
iar of the ~ass, t~e admi%t~es i~cluded, from t~e wall awa:r 
i~to the flow co~e· 

Acco=~~~ ~o t~a L~vent!o:, the s~ootr.iness of the st:sam-
35 lined :el!af ensures also an increased co==oaion =es~atan.ce 

of the s~~osmli...~ed surface when co~tinuous media a:e used• 
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which usually in.valve cor=osion p~ocesses. Acco:ding to the 
dAtA of the oxpa~icents, the peculiarit~ea 0£ tha cc.oc t:ena­

fer, o~ig~nating due to the gene:atior. of la.rge-ecale vortex 
st~~ctures, decrease the probability of the oric;:i!lation of 

5 olac"t.rochemical ;:ooesses on tlle su:faoe of the c!.e!.mad. devioa 
p~ovided with a relief. 

The use o: a th.ree-di;nansional concavity or con~e.:d.ty 
relief o~ the indicated pe..ramete~a :esults in a notioeabl• 
inc~ease of the o:itical heat flows within a wide :ange of 

10 liqu!d preasu~e, mass velocity of the heat caz-rie: cmd a ~e­

lati ve vapou: oar.tent. The shift of the critical heat tren.ate: 

l5 

t11w~·d.s l~~.h tiHt.rlltH.l 1.n1ol.c'!.t~ l'U-J 1:h~ -r1 nut .,.n,.,.ca pe.st -:=no ~u.»::'.o.4"a.,. 

provided with the indicated ~aliet, is caused by ;he formation 
oi" a heated surface cf le.:ga-sca.la sel:f'-o.rgar..izillg structu.res, 
tornado-like st~uctures illoluded, by means of which the vapou.r 
bubblos a:e eva.cuetad :f'.rom the ~ea su.rrou.ndj.ng the co.n.aavity 
or con verity a.u.d taken away from the near wall la:re.r i.."lto the 
flow cc~e- Favou~able to this is als~ the s:nooth~osa OZJ.d the 

. th.ree~mensi·onal reetw:ies of the .relief I since they ao:i.t.ribute 
2.0 i:o th~ ohe.nge o-£ the ~=eQtio,n:, of the or.:!.!:!nl.al;:I.on a?:.<! tw.tet.l.llg 

25 

of t~e vortex st~uct~es. 

Ind.ustl.'ial Use 

Tha inve~~ion cay be·ueed in var-ous powa: angi~aa:i~g en.d 
. . d . ~ • 11 . th . . na ai:-en .-rrr.ass -::e...."ls.i. a: sys vems, as we e..s ;.n e."ly o • e.r ~:e.ngr..es. 

w'he:e the:o .i.s a d.erna::.d. in inten.siticatio.n o~ the hea-;-e.:c.d­
r..ie.ss tl.'e.ns~a.: e.t a ·li=:t tad in.c~ee.se of the l°'...yd.re.ul.:!.o =ss:!.star.oe• 
!n pa:~io~le..:, the invention is used with var~ou3 kin~a ot 
t:~po~taticr. !acil~~!es, in gas turbine W'lits with ocoled 
bladas, in nuclea: po\.·re: assa.cblias w1 th r.igh-i'lo'."1 :ieut.ron 

JC sou:c!ls, i=. st a am ger..e.re.to:s, heat exchenga.rs, as well e.s in 
ot~e:·a~a:g:r t:a..~st~r appa:~tuses and davioe~. 

THIS SHEE'Jr AA~ m.~~ 
REd .. ; c:;:.u 
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l. The st:ea~linad surraoe, which ensu:es control o~ the 
p:ooass in the boundary and near wall layers of the continuous 
med.ir.uu :Clow= t:.:.:.d wr.i.ch :L., p:ov:Ldcd. w-J.1;h c. tl'1:csa-a.i:n~naj.onal. 

5 ralia= is oha.raote:ized by the !act that the th~ee-jimenaional 
relief is m:.ds in the shape of oonoavitias or conve.x:f.tiea Cl); 
there a:e cu~7a~u.Zoe s.:eas (2) and t=ansition (J), end that e:rJ.Y 
section of co~cavities (1)· or of the oonvex:f.ties along the 

lO 

15 

streamlined su.:face !las the shape of a s~ooth oloaed line, 
described by the relation; 

;v.11i.,, t) ={~)x:.[r/h. 0 '-. ~c +- l:lr( !I - . ~- s /n_ . ~~b) + {~I It {I J. ') 2 I iO .l./Jt,, 

. ,~· ' . x f_ { . . 3.£.P) ;v/i . 2.fC:.!P I . . 4.EP)~ 1 
+A14r(Slfl f!O -J j/fl fiO +A .. ta' { S//Z. !JO -2J1ti le!O J} 

whe.:oe: 

r(1, E) - _is the section zi~dius in the di.reotion o! angle 
aount~d~fro~~he-line in~e~connecting the centers of the adjaoe~ 
concavities o~ conve.:d.ties, or .f~cm any li:l.ea 'Which lies in the 

20 indioated section; 

25 

2- - is the sactio~ height ova= the lowe~ost point of the 
c.oncayity o::: saotion di.stance f~o'!Z! -:he upp:e.rmc:>st :point of the 
conve.x:i ty; 

t'(ii,C') - is t~e rac.:!.~s of the ocnoav!ty or convexity 
section in ~:.a d.i:e.ctic:i o'! an~le !I • o0

; 

JJ.l=r(a,l!O )- r(/z.,O) - is the d:!.tta.:ance between. the :.-adii 
of the concavity o: co~vax:Lty sec~ion in the di~ect~on of 
angles .Cf - iso 0 enc. .<f :s o" 0 ; 

t1 
- is ~he d.iniena=.on of the cu.rYatu=e area along ~he c . 

s~:ea.'nlinad su~!aca; ~ = O.J ;o 0.7 i~ the coetfioie~t; 

-l<A.1<l,J 
- ooe:f"ficiant o! the shape o:f th.a seation, 

-l<A2.<l .• 

the dat1th o~ the oonca.vi.ties (1) o~ con~~u::ities h .. is i.n -th:ls 
35 oaae 0.005 to o.J o~ the thickness of the boun~~y layer or 

' 

111111111111111111111111111111 : 
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of the equivalent hyd.rau.lio diamete~ o~ the duot, the ou=vat~t 
a:!:fa (2) o:f tha ao:1aAvit:t.As nie onnveYiti•S ha.c;rr £n ~ o.:irossa 

section with =es~d to tho streo.mli.~ed sur~ace, a oommon tan­
gent with 'tao t~ana=Lti.on c.:ee. (J), wh:!.ah :Ls looatecl btt.tween 

5 tho adj.e.c:ent conaavities (l) a.:- oonvezities and wr.ioh is made 
in the shape of a bict:..rmtu.re Su.t":f'ace with .radii meeting the 
!ollowin~ relations: 

l.O i:1 "bhis oaae the di.-ne:ia:ion ot the ooL!c~vi ~ietJ ( l) OJ? conv.&.%:1.­

ties along tha streamlined su~face is 

15 

D ~ (2-:- 4iO)h,, 
i:he d.i.msns:i.on of '!:he ou.rvattiltg ~aa ( 2) A.l.nn• i:n 4 s:i+.~o.aml..:!.nea. 

su=face i.s 

f! 
0 

• (0.05 -:- 0 • .3) D, 

whereas the dimension of the ia:ansition area (.3) along tb.e 
line in:e.rco:r.:.n.soting the cente.rs of the .a.dj a.cent acnoavities (l) 
or convexities is 

e t.r -= (o.o 5 -:- J) D. 

2. A Sl4~fa.o:e a.s c:leimed in Claim l oha:aote.rized in that 
the cente=s c: the concavities {l) o~ convexi~ies ~e located 
in tha vortices of a pa.??allelo~am, the lengths of the aides 

) of which are within the range o~ i.05 to 4 dimensions of th& 
25 ·co~oavities (l)·or conve.xities end the vertex e....~gle is 

I = 20 to 90° • """'p 
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