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Summary

This paper consideE that aerosPace vehicle friction
drag reductron' <nLrld result from the u\e of e\ternJl
sur fare cor eflng har ing alomrc level smnothne\.. ob
tdined by cryiti srow processe-. The dynamic. of tl,e
gds -ohd surldce inlerd' trons, the ad.orPlion phcnom-
;na and the ef fscl' ot lhe -ubskdtr rlomi, .Lru' ture.'n
Jd$rption lor.esJrcdis.u)'ed inordet toidenlif) lhe
TL'\t adequdte m.,ter i,rl f.r.u, h dn .rPpl( 11;on

It is coniluded that some heavy transition metal ha
LdF-.rnddich,rlcogenrde',h ith VindcWJ"l."lJyqred
, D .tJlline .rrL.lures. r(Pre.Pnl dn rduqu rle .rrrlrr\8
no,nt fnr f,,rther resPJr.h.
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l.Introduction

The scaft eringof molecularbeamsproducedbysingle
cry"t.rlsurface- rn r rcuum."how in mo.tcd-e', velocily
di.lribulions witl, /ero me,)n values of the trngenlirl
comp.'ncnl. However. ir mdnv cr.e". \uch d- IIe.cJF
ter ing L'y I :l' or Pd ll l rzJn8will, lo88)\urfdce, mosl
gr' molecule" .tre eld-lr,rll) \rltered re.ulLrng i,, J
;.n-?Fr., mPin vrr,,.

Also, in the last decades (Lewis,1976), the micro
electronic device development brouShi with it new
manufacturing processes, such as the Molecular Beam
Epitary, which permji ertrapolating for the near turure,
tliepossibilitytoobtainlargcsurfaceswithatomiclevel



The above con-siderations suSSest,as Pres€nted in a
.pe( ul.rti! e c\say al thc \X os i lV ( ' 'ngre.- (CJlvio.
871, rhrt non zeio rlip cond:lion boundjty Itl e, s rnd
resultant friction drag reductions, could be obtained,
Jlrhough,drscreprncies trom the /ero-"lip cond:i;on for
"en8rn;cring '.urrace\ rn dcn"e flows {KN '- I' hJve
never been verified.

obtJininp su€h r€sults s ill be.ondiLionrl on:
a, The"delermination of the malerials propertrps,
required to obtain the elastic scattering ofair mol-
ecules.
b) Theextension of thepresentsinglccrysialSrow
ldboratory lechnoloSie5, to ldtte en8;neerint 'ur
facecorting processes, wlxch represcnlc. a forml
dable molecular engineering defy

The benetits to be obt,rined, not only in term, of
increased glider performance but also in low-orbit sat-
ellite increased life-times and in aerospac€ vehicles tuel
economies, could be quite rernarkable. The present work
tr;es ro identib the mo<l adequdte materHl< thal fulfill
the firsl(a)condiLionso thit with turtherresedrch on (b),
the predicted drag reductions could be experimentaly
verified,

2. Dynamic Intera.tions

Mar,: ellecfs: Although the dynamic interactions be-
tween atorns and molecules and solid surfaces have
been extensively studied (Goodmar! 1976), it seems to
bea rathercompleysubject, whL he\pl.rins t}leditterent
theoretic.rl model5 and come connicting e),perimentdl
results found, in the literature.

The classic mechanics models such as "hard cubes",
"soft cubes", etc, suppose a zero tangential momentum
transfer, and simple and accurate models Siving the
theorelical computation of the langentidl momentum
accomrnod.r tiori coeffic ie n L a nd theao rrc<pond ing I ric .

bon drag, are not available.
tlabo;le numeri(.rl simulalions {lull). la84) Jnd

dissipntivequantum phenomena such as,elecLron lrole
p.r'rs, (l undqui\t, la84,.rrc lo beconcidered, rf Pre. i.e
.esults are wanted

A simple,bulpnrlidlappro.rclr is lhe u5eol tjreold Jnd
cla-.rc ;e.h.rni(al rigid .plreres model {ZdnSwill. 88).

of "Baule", which evaluates the energy accommodation
as a function of 8as temPerature and of the atomic
massesenvolved.

This is the approach used for the computation of the
dragand tift forces ir satellite aerodynamics (Bocchter,
lq8tt. where lhe gJ- -ulid atomrc mr.. t.,ll'' i. $.
prepunderant parjmcl('. ,'w;n8 Lo the vJluc' or Ihe
intemchon energies involved.

Owing to the tangential tonormal, and to the transla-
tional torotational momentum transfers of the colliding
gas molecules, a low accommodation of the energy,
does notimply a low tangential momentum accommo-
dation,but it is a necessary condition for it

The "Baule" modet sl,ows that in ordcr to resuli in
elasticreflections the sol;d surface atoms mustbe much
he.tvier thJn lhe Rd5 Jh'm. anJ mole.ulc., "nd tt 

pr-
plrrn. lhe elrsti. .catteflr't 

"blrin"d 
s rtlr lidlrr rlom
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(hetium)beams from singlc cryshl surfaces nvncLrum
The elfe.i of the atomic lavcrs beneath the surface is

morecomplcxandrelated toihesolid "phonon"charac

An e\rension of rhe Purelv rnu.htrti'.t) reu.onit g
rlread) emplo),d. indr'Jle\ ih I heJ\iFr tnrcr'rl^m-
e.pe.rulrl wherr-trorrgly Jil.r.hed lo-u' fJc, ll.tm',rvi1l
.ontribuic ro 

'edL! 
inE thc.',crs\ -' omm.,drr;'n or

ohonon e\citrtions.' A r:nrl .on.lu,ion i. thJt f.,r JerodvnJnr. fr(lrun
dras redu.tions pourposes, only mateiials PresentinS
surface atoms heavier than the Nitrogen should be
considered and high density maierials should be Pre-

contamin,tion Elfedsi: Another important aspect to
beconsidered ingas su rface interactions is thceffectof
l-he presence or adsorbed .pe.ie. on thP 'uriJ.e

ln scrtleringe\perjmunts wilh elJ\t\ ( llc.r:on', ihe
surface contamination, including the adsorPtion of low
energy grs.rtom- and molccule-, le:d t. Jn increl-ed
rcd,r tion in the inten\rtv df the elastic refle.lion.

Inallprr"tic.rldpPlicdlronsJnd rl n, r mJl JLmo-phP'!
condilion5, tlre curfrce conLJmi'urion b) lhe Jrr con_
stituents, especially ofwater vapor moleculesand also
by solid dust pariicles of all sizes and types, seems

A partial solution to this problem sccms to b€ the
reduction of the surface adsorPtion forces to a mini'

The reasoning is that ifadsorption forces, especially
thetangentialones are keptsmall, the loosely adsorbed
spe.ie.couldea.il) 5lip ilonBll,e-urfJrehirh"mrll
tangential momentum transfer.

3. Adsorption Forces

Surfa.e Energy: The physical adsorPiion is a widely
studied subjcct and the key phenomenum for catal ysis,
painiing, bonding and many other tecMolosical Pro-
cesses, lor which the objective is how to hcrease the
adsorDtion forccs-

me'.e torce-, qhr.h re.uh lrom tl'y fr.l lhJl colrd
atoms or molecules cohesion energy rcmains unbal
anced atthe solid surface aredescribedby themate.ial
duracteristic knowl a-s surface energy or su#ace Potential

The surface energycanbe correlated with the meltint
h.rl Jnd the -u'f,r.e polFnl,,l to rh. m,llrnS porrl of
mareflJ15 J' 'huwn :n f,t L fur rlF mel.,llr. elcm. nl.

Mdlefldls, mry.holv d,lferenl \ Jlue' Ior-urfJccun' 'r-
gre-, d.prnd:rrg orr rhe or renl ,lion or tl,e ., rr h(c bF:r'c
ionsidcred and on its aknnic struciurc-

The low cnergy surfaces are those for which the
smallest numbei;fatomic bonds arc left "unfiled" or
"dangling" and thcse bonds are of the t{eak "llydro-
gen" or "Van derWaals" types.

1,,.un.cqJen' e,los L, Lrt) .urf.,, c-' 1,, 'l'ubetotrndirm.rlcnJl\sLr(lrJ-g',rphile.mr.J lJl'.e1. whr.hl',!L
I i*hr,rlLresor b,rlL "r.r,tPrn.,l.n, rErr- t,ul rl"'h.rre
L,tered.,tomi..rr.r.1.,,r'-wirl-^.'l\ $" 1b t l-J trr I
between the lavcrs.

The "Van Lic;Wa.rls"bon.ls result frorrelectron cloud
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FIGURE l.Surface potential and melting point correlation.

METALIC ELEMENTS

asymmetries which can be ofthree types:
The first type is the purely geometric asymmmetry in

polar molecules, the second the as)'rnmetry induced in
otherr /ise symmet c atoms and molecules by polar
molecules and the third by the instantaneous asymme-
tly hherent in all electrou clouds, that generates dre
forces known as "dispersion" forces.

The effect of the induced asymmetry isnormallysmall
of the two last asymmet es are functions of the atom
polarizabilities.

In summary, surface energies and adsorption forces
are smaller for "Van der waajs" type surfaces of non
polar or low-polarizability substrata.
Surlace Stmcture: In a macro approach, any surface
roughness and porosity result in an increase of the
strface area and of the adsorption forces, as can be
verified in adhesion, catalysisand paintinS proc€sses.

The single crystal surfac€s represent the limit of at-
tainable smoothness, buteven they can bequite "routh"
to the adsorbed atoms and molecules.

To verify the surface atomic structure effects on ad-
sorption forces, a simplifjed numerjcal model has been
constructed with the substratum atoms fixed at lattice
positions and so neSlec rS any rhermal motion.

The forces betwe€n these atoms and a substratum
surface adsorbed atom, have been assumed to be de-
rived from a "6 12 Lenard Jones" potential (Ashkroft,
1976) and so comprted as:
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I=1/t7-1/t13 (1)
with: f =F. R0/12. Fio
r=R /R0

where Fi 0 and R 0 are lhe equilibrium potentirl and
r.rdiusof lhesub\Lrahrm and ad5()rbed alom inleraction
and F is the interatomic folce at distance R.

T1,e resultantforcewas comput€dbysimple eumma-
tion of all the pairwise interaction forces, which is ac-
ceptable for weak interactions.

Ihis simplified numericalmodelwas applied to HCP,
FCC, BCC and Thetraedral lattice substrata, without
surf ace reconstlutiory and considedng threevaluesj 0.7,
1.0 and 1.4, for the ratio between the extemal/intenal
atomic equilibrium distances RO.

From the resrdts, some of which are shown in Fig 2 to
4, it was concluded that besides the influence of the
interaction potential parametersl

-The crystal lattice type has a minor influence
on the normal component of the adsorption
force and so on the adsorption energy.
- The tangential component of the adsorption
force and dre energy for moving an adsorbed
atom along the surFace, are both gready hflu-
en ed by the surface structure. They are lower
for some surface directions and minimized by
closed packed surfaces (HCP000l).
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FIGURE2, Analyzed adsorption sites surface geometries.
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4. Conclusions

From the above considerations, it is concluded that
the candidate materials for further thin film research to
obtain fluid friction drag reductions over single crystal
surfaces shall have:

- Heavy sr.r ace atoms and high specific mass,

- Low energy surfaces, that is:

Low melting or sublimating tcmpemture.

Non-polar molecules and lolv Polarizability.

"Van der Waals" layered structure.

Closed pJcled alom -urf"' e strucru' .

In addition to the above physical characterisiics, ihe
materialsmusthaveach€mical stabilily inresPect io air

These properties are easy tobe found singly, but fcw
materials present all them togeiher,asis thecase ofthe
halogenides and di-chalcogen;des of the heavy iransi-
tion metals with "Van der Waals" laycrcd struture
(Wells,1962).

Examplesare thc Bismuthtri iodideand theTungsten
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Di-Selenide, but one of the most interesting is the Mo
Iybdenum Di sullidc, wh;ch is a nrturrl rnrrter:l
L\4olibdcnile),.rnd a well lnown -ol.d IubricJnl.

Covering films made of such matcrials (Ueno, 1990
and lager, 1991) will give to our prcsently immaculate
white gliders, the grey-black colour of a B-2 stealth
bomber.-., but also of the best soaringbirds !

Since a 507, reduction irl friction drag, isequivalent in
hrglrspecd.. lohavingd l0""of gru-w.iBhl bdlld.l,rnd
still pre.ent a climb ddv.rntiSe.n lhermJlc. wl,o $rll
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