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Abstract

lhc lrpplication olgrs d)namics concepts can clarify xnd

exphin nlany a!pects ol lrerodynamic phcnomena. I n thc c.rsc

offricLim drag. $is approach suggests sone new por'tibili
ries nr irs redLrction. such as the use ol "ultra snrooth sur

r.r<. rarrn.'pe.,ir, thl',r.,..'nd.,crn,l.h:rrJclerr'r'.
uscd in conjuncoor with a noble gas lubri.rting layer. Such
possibililics rrc discussed in Lhc text which. o\!ing lo fte
mullidisciplin!rr- knowledge iDvohcd. rs kellat a corccptual

l. Introduclion

The srudl of g,rs motx)n pheronrena has clolved iD rwo

disrinct reicrcnccs: aerodlnamics and 3as dynlmics. ln the
1," r.In. ..i,p,rrr, r:tr r..ulr.r!
assunrplion adopted hrs pcrolilted rn cnormous soluti(m.
with tcchnologrcrl aptlicarions going liom buildings to

'ehrc€, rJlfing1..!,.rl rJ.:uhr J.1rJlr r"'up"r\onr. lel.
lngas dynanrics the conrplcxityot'lhe di!crctc gds rodelling

sccors to havc harnpered an cqui!alent rech nologicrl success

Anjw3y. thc cxplanarion of$c rcsearch and \!hys' ofary
acrodynrmic phcnonrenorn tccnrs nol to be ftNnd wilhout
cons erlng ihediscrcte apptoach. snrccrhe rcalaim is lar liorn

I-ct us look. f(r inkncc, al lhe chlractcrinics ofnitrogcn
one ol nrain air constitucnts, tbr q hich tlc ha!. rt S.1,. p'cs
sure and 15'C Il l.

6

Molecular dianreter tu 4

Me,n ili(rn.e betu€en nrole.ules .. .. .... tu 30

Although oxygen and carbon dn)xi.lc trlolccules preseDt
.., prrJi-1,(rer.. ro(o Frder r'ri. i rnf \ 'pd,c Jconri .ru.n

lccms. rl i lirsl glance. an over$implilicrLion. However,lhis
i! lully jusrified if se corsider lhc tinrc bcr\ccn deon'r
collisn)ns. .l/c N 10 '0 . and rhe lime sc{lc ol thc acro
d)nanric thenomcnr. nrost of lhem sutionar). Hcncc. thc
diccrere apprcrch with ia cunrbcrsoore slatistical f(rmuh
rion is reserled ftr clscs where lbe continuum hvpothcsi\
larls. such as iD rurclicd llos,s. fbr simplified c$cs such as

.. 1,(Ie f,'q. er. . . .i , tlrl J,l,on'rur.'rr. n. ' .. fli1.rur.

IIoweler. Ihe continuum htpolhesis assumed for th. rcrl
corpuscular gas constitulion mu( bc prcsent ir every aerc
dt anic stud): and one olthc nrai phlsical realities not tl

All .,croo\ n" , I r''r'..rrn:^n.,oohnr"\rrg.r
r lluld nrusr result fnnn a momcntu !r c\change belseen
f.r J.,1.1'olr.l n.le.ul-.' lr.rlt.,rrnrboa' .Lrl,.e

'1'his is rpplicable Io lift. pressurc drig, crc.. includirg the
induccd drag, ofwhich nran) acr)dynlnric rerl books gile a

ixlsc phlsical idea of benrg crcrrcd rt distance by tmilin-1:

wnices. likcgra!ity.magneticorothcrllcld lbrccll hFigure I

se irttenrft to sho$ a cliscrete rptroach c\planatn)n ol pres

\ure and induccd drag.
ConceDring iicthndftg torces. $e intend LocumiDc itr

lnrlc lunher. in an clli'n kr iird new pos!ibililics li)r iLs

rFaitN/44/ -soARi N5
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Nlean quadratic molccul.rr speed: V-.
Mear collision frcc distancc: (i) ...
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rcducti r. hul shcn trling () do n). wc will hc confi)ntcd
Nlth sublecls dclling {;rh solid nrie !rd qurDloln ph!\ics.
surtircc scicncc. cl!. xll ()utsidc the acr, )nanric rnd llurd
nr.hr icalcn!irce.s rs \!ell rs lhe author's rxpcriencu As
! eonn!!enr.. 

'his 
io'. lus bccn kepr !L Lr.o .cpt nl lL\ri

r d $rirrcn \irh rhc nrai r)bjrctr\e olbringing thc alierr( n
.rlh ..\1..'.'r'.,111,., L, J'r.,' r'i.''t..r' r) .,r1rrr..r

.]. Thr l'rirlioli Drae and {hc \o-Slip Q)ndition"
li lcrod) nam i!r. Ih. ll,*\ g.ncfu(ed ri )rcc\ rr nllnriil r(i (he

trlxl\ surhc!. Nrc crlle(1 ljrclion li,rces rnd rlrelr rc{ilnnr in
lhc ll(N dirrrli,'lt r\ Qllcd r'rctl('i or 'tlrlacc Jra-c. li).
nr.!nrlincd b.dic\ !u.h rs airtlancs and glrders. n.arlJ rll
lil.ti()n lirr.cs xcl Is drrg rrd e.ur rcfrcscnl the nrtor prn 01

rhc k{al draS li, r crui\nr! ,rirylane or x h'gh-\p.rd il) rng
gld.r. whieh is not thc (LNe Lr blunt bodies or satcllilcs.

Il\in! (i!rlirruin fluid rue.hanics. rhc lri(ri,)n li)rccs e!n
L). r('nrt\rk\l iiir \rrn)u\ ll(N'rcginr.s rtrd t)'p.s usrn! rhc
highlr l$clopcd Brundlry l.qcr Th.rr,- l2l xnd th.

r - | riv,'d}
{here r is lhe trLr.lcnrial li,rcc \hc!r strcs\ and dVld\ ir lhe
(ontiiuurr ll'ad \.lo('ih lrdJicnr rt lhe \u ice ni)mrrl
dirccrion. both eonrpurc(l rt rhc bod) JLrrric.i li is a lluid
fl,(,perIy.1hc \is.ositr Thc lrucr lcad.i t(, an lltcn)atr\e nrnrc
n) rh. lii(r;o. dftr!. thdr i\. \ i\.r,us drll!. rnJ tl) thc.oroli!.}
rs rrptr)n $rr vilcosi() Ls !.lch rc\p(rrsiNe li)r rhis dftg.

ln tlrc ribovc. \c tukd lor giurrcd one r)f thc b sic hlpoth
.\cs ol rhc bour irfi l (r thc,n\: lhe no-slip coDditioi'
qhi.h nMcs thLrt thc (('ntinuu r lantcnlial t1()\ !clocitr-

lani\hcs ar thc sol(l surtacc. lhal is. V + 0 \\hen Y - 0
This no sljt co d;ri,)n ha\ hcen extcnsilclJ conlln ed h!
r, r.. h,ldn! n,'r 'nl. I I,N\ shLr. rhc Knu.'-1 .ru',

hcr. $hi.h rclrtds a llo$ chrrrctcr i(ic lcnglh ro rhc Rtec
ulir c,)llislon tl:r'prlh. appr(,r.hes lhc u ii(,lrL- l) T)fL
.rl c\rnplcs xre rtrcficd r s llo\ls xnd condi[)ns !t rhr
\er! hcgrorin! oflhc bou (hr) l,rrcr.

,\lrfiough 1l'rid dlnrlnic\ lc\rh,roks qu!)Ic lhis no rlip
condition rr prss ni $Lrhout hIth.r e\flanitron\. $e
mu\t rccogr)i7. its irrrllrtii t r)lc () ihc liictir)n drtg orNct
rod lhxl th. fluid visc,)sir_r_ nllc isorll]_ Ilidctsminc [o* rhis
7cro velocity prcprg res inl(r lhe bound ry lx)er. As il'erlll"
\Nid rhe nronrcnturr c\charge shi.| resulrd ill thc lricli,)n
drig hi! xlrcrdl o((u|red lll the \urficc in fluni t(i $lnl
nx)lerulrr collisn)n\.

.\llr ',. ,L. 1,. Ir'ri c\r. - rr'\1,<n$. !n,.J.r. t^" ',. ., ..
rhc.vcrls in r bourJarf lllcr ol a surlice \hrrins lion tu,(
:inr.r. fi)r usulrlilo$\ trcssrrc rd. lcss litqLrfnlh, tc rrufuLur.
lt (,'rt\onr a.ros\ IhL borndrr; l.Ncr. rlrt'surfrcc coilidrrr.!
nrol..ule\ rnd llre outsidc houlldlr) lrr"cr "lrcc flo\ '

nnnce!lesh!!cnearll thcs nrcslccd- itisintiiquingtokno{
trhy thc conlinnurrr tanscntinl y.k)cities rl$afs \.anish e\.cn
tir r !cr! snxxnh sudxccs.

la rndtl. who es blish.d rhc boundrrr hyerthcdry ba\is.
cor\idr'ring c\pc.trr)cnral .rticrs ol roughncsr on (lr!c. sue

.!re\rcd dl.il vrlid $nlccs cortain.d nrorc v('ids rhln imticr
and lhal llui(l nlolreu1.\. rlier pcncl rting thesc \oid\.
rttLI ncd t() ihc surl:rcc ha\ inr lon rll lcnlenrirl nl(nn.nrurn
Tod ! $c kro$ thrr.lhhough llLrid dillirsrnr inro I solid sur
lice nr.r} o..!r solid rnlc(ulnr di\hnces rrc not sogrdL t{)
all.N a Hc cralizcd pcnctralion. excepl in por$ ol
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Inacronlolecular dimensioos.
What sccms 1() hrppcn is that evcn lbr a perfecdy snooth

surface !uch rs rh:rt ofa singlc crysLt1. fl uid molecular tdg.ntial
lelociti.s rrc brought to zcro by molccular altmctn)n lbrces

known as "Van der Waals lbrce$. Thcse lbrces golcrn rlre

physic.rl rdsorption phcnonena and in coniunction rvith the

chcmisorprion fbrces arc lundamental in technologicltl
processes !uch as calalystis bonding. pxinting, thin filn
forNrrion, erc. Altbough they arc considercd "wcak forccs

wheD conrpared ro other at(nnic or moleculxr fbrces (scc

Table l), they result tionl dipolc attractions prcsent in polrr
iluid nrolecule! or induced in Donpolar oncs and ha\€ suffi
cienisircngth to bring clip (tangcnrial) fluid molccular !eloci

The conrDlele modcl oifluid .lnd solid subsnatc rnolecular
..ll..r. n rruci*e' i..rill ro be lull) ,l(te'oped iir liqJ d' n-

"de., anJ dcordl'r r^ Ret. I.rl.rudnru.n nre.hrnh Tode..
,,",.u'r Lo a.counr I'r rhe m"lcculrr e'e,rr.,n.loud'
intcraction! occurring in thc collisrcnprocess tn m.st..ses

adcorpiionand sometime!chc ical reactn)n!maf be present

n) thar lbr p ractical flows a theorclical complete ticture of the

no slip conditx'n and any action lo modify it sccnr to be ou1

oi reach of thcoreticai trearnrcnt (See Figure 2)

4, Co'rld llb Slip the "No-SLip"?
lD our present era of chips ' and scrniconducto ts, thc sold

.r-e rh'.rc...urlln' 're1.eJr! rl-r1 r'rn re.l,n l E) h:!'
'c.r'.i.1rrrcrnend.,u,p:.h sl.rI :,1 ^n"\.rerpr.. :i.r, .

affinnltile arswer n) thc above headlinc queslion (b study

surfacc characterislics. :t much uscd lool has been thc

measuremcnls ofsudacc rctlected moleculcs ofa gas hcanr

in vacuum. known a! bcam scattering cxpcrrment! (\cc

Irglr<Jl lnn,n'r .i.e. rhc'c(\oerr,(rr .ho\ rele.r.J
.l,i,flh,,rr,n.rh.,r.lo.el\ I,nL,$ lheLheurcr'Jdl MJ\sell :1
orsorus hwdistributio;s with zerc tangcnti.rimean speed hr

othels, as in the case ol hcliun ovet r si'gle crystal halidc

surtace L4l, tbcre are lobular distribution$ which are orientcd

in rhe speculardircction of thc incident beanr. thrt is,lhey rc$uh

fronr ncarly perlcct clastic collisiolts with thc $rb(ratum.
I ndertand thrt lhese rcsults indicate thc possibjlily oi

obtaining lriction drag redLrctions, with slip llows lor

rrmospheric fl igh( vehic le! and low ungentirl tccommodaiion
cocllicienl flows lbr satellitcs. To evaluate thcsc possibililies

betlcr in Frnrs olpossible practical applications. two impol1anl
que'run\ mu!r hr |ln.ed:. H,'$ ro oburr L,r!( porut. r ( .,nJ. Jl ,r"r. ul.,r le!(1.

. How ro reducemolccuiar attraclion ibrces bc1\ccn such

surtrces and the air gascs moleculcsL
For thc lirsl queltios. il seems thrL melal deposiliolr with

i pr,JrrJ !r^qrn trrl i-b .Jr,.r, Tr".1.'e. c!n Tr'{r,ic rr
.;".r,p.rr'ill).rriLrr^r\ Jn.{rr l $ por'' \ p^l rrel
tilns such ds polyeltcr lllms which are charactcrizcd bl a

lcrt low gas permeability may offer a good slarring sub

strarun. Itisinterestingtoremarktheincreasedaeronrrtical
oscof poiyestcrasfi lms in ultnlighi! andas gelcoatsandpainrs

rGjl !6) (r,) (, @) (r,l
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lllm !urtacc p()pcfiies ol rhe chenrically incrr .orrc\ion
rcsisrant allots ol berylliurn Onc olthe snullcsr mctrt arorns)

Ir lhc casc ol tlrsrjc rrLcrials sonrc c:tn bc molecrtrrll
orientcd. blcnded in copolymels arrd cycn n de etecrricat
conduct(rs Fluorinaicd plasiics $idcl,,- known br rhcir
rerrarkablt loq solid !liding liicrnrn.o.fficient prcscnr an
inrercsLing combinatii ol lo\r sLrrhcc cnergy anctchcnrical
in.rtia. rnd jr thc casc ofCTFE (trinuorcchlorerhrlcnc) ir
hrs r low gas pcrmcrbility nor lbund in TFE (rcrrrfluoro

l'here is no gu!rantee tbal Lhole !bole n.Dt!)ned prcper
Lics will resull iD the elastic collislons and slip flows we:tre

Vl.o

lar Slidcr\ anil riTlanc!.
For lh. \ccond qucsti{rn. lhe answer is qu(e conrplex due

L h. Jlr..J.Jr '1.*JJrIl.Llu- .'I n.'dell,rJ le.,r' ,.r,'r
li)rcc\ lnd !) the tresence oI air constiluents such as water
vupourand oxysen. Also. rnosl oflhe research in this arca are
directeil Io opposed objeclilcs of increasing alrraclivc lirrcc
us necessary lbr cal.rlJiis lllnr growrh, ctc. Tcsts 10 mcasurc
thc inlluence of factors such rs surla.e encrgr". cleclrostatic
chrrge, etc. on 8as 10 soliil arlraciile fbrces. as well as beanr
sc<rtlerin-! tests using air berms. are neccssary.

In Table 2 rhe surtace encrgy of sorrc clcmcnrs including
some oretals are shown. But. wc know that allq propcrlics
rnay cxceed ftosc olthc; consLitucnls. For inslancc, whatahout

"i!':t "' r:lIt't lttjit::|1"'jtt'lr!t " ' .'

\'""ttt^"
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(b)

searching for. The] are only heuristic guesses and rhe otiv
highl) probablc successful one will bc the coln6lnrri'n nf
rhem wilh a lub ricating layet ol a noble grs Gee Figutc 4) ln
Lhar catc neon. ha!ing density and viscolity (here not !llcct
,' ..r.,c, \rlue, c.uirr lJ rhr' ur rrr. Loulu I.*uh rn a h.r"_
rniert,.c r irh rr flJ r r.orc {Jh,c 'uhri.rr'n! lJ}er surh d

solution. bcing far lron) simplc to apply. could al lersr be

considered lbr intermiLlcnl use in briefperx)ds oloperatxJns
nr nilitary rirplanes.
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Inrny case, to 'slip.tndno slit ( ifevcr possible) will relult
in agrcalchallenge tr) mrlcriat scientists. bur i1$ill be la€ely
paid in lerlns ofbcnclits in commercixl rirplane fuelecoro
mics, increased glidcr pcrlbrmances and satcllitc increased low

orbit lilctnnes. ln additbn. such surfaces will nor need the
protectn)n ncans needed fororherdras reducing dcviccs such

as boundrry layersuctn)n. bcing presenlly considcrcd. Alier
ill. neither insccts nor dust $illadhcre where theair itscll $ill
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