
FLIGHT TESTING 
".~,:!~~,;;;,,;. .. "" ,;.;;}..;, ..... ,, ............. ,11111 .. 111 JIIIIIIIKTPPFllllllll..,ffl'ilmzrmnz 
Lamfnar flow, propfans, and marginal stability are cultivating an array of new 
instruments and techniques 
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Laminar flow over advanced airframes, 
the noise and vibration of propfan en-. 
gines, and marginal siability for agile con-• 
trol ure pushing advancement of flight 
tc~ting methods faster than any driver of 
that technology since the early '7Os. That 
was when digital technology multiplied 
the number of measurements possible in 
flight by a factor of 100. 

Design aud fabrication of a naiural 
laminar now (NLF) wing for the Cessna 
210 in 1986 accelerated incorporation of 
laminar flow into production aircraft and 
development of flight test methods to 
match. Werner Pfenninger, senior 
research scien List at Analytical Services 
and Materials (AS&tvl), Hampton, VA, 
and Jeff K. Viken, a graduate student at 
George Washington Univ,, completed the 
seminal design at NASA's Langley 
Research Center. After full scale wind 
tunnel testing ut the center, Cessna flight 
tested the aircraft and found laminar flow 
up to 70070 chord. The result was a total 
ah·cran'.•\1rag reduction of 20010. An ap• 
prouch to mass production of this aircraft 
with NLF is expected within two years. 

Vikeu, now working for Cirrus 
Design, Bamboo, WI, since designed the 
kit-built VK30, a four-place, composile 
ulrcraft with an NLF wing and tail, and a 
crulse flnp for a design cruise speed of 250 
mph. The aircraft is currently undergoing 
flight tests. 

Both qualitative and quantitative 
measurements are needed to Lest laminar 
flow in flight. Bruce Holmes, chief of the 
flight applications branch at the center, 
and his associates in the branch hnve 
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developed n qualitative tool consisting of 
liquid crystai coatings (LCC}. This is ex­
pected lo replace conventional s11blim-
1lling chemicals used for testing !h,• 2JO's 
wing. Such chemicals can only display on.:­
t1ow condition during a flight because the 
visual pattern once formed cannot 
change, But LCCs-mixtures of various 
phenoyl benzoates--ean respond ~onlinu• 
ously and thus show the location of the 
boundary layer transition point 11s ii 
moves during a test. 

LCCs are sensitive to surface shear 
and respond ta the higher stresses in tur­
bulent flow by changing color, The tem• 
perature sensitivity of the liquid crystals is 
minimized by varying the LCC mixture, 
which in turn vnries the color plar hancl• 
width so it responds only to surface shear 
stress. Thi.s technique for visualizing flow 
transition in flight is nonintrusive, reusa• 
ble, robust, 11nd easy IP handle. I• will be 
used on the branch's unique flight re­
search F-106 that employs a vorrnx flap to 
trap the leading•edge vortex. The flap im­
proved the aircraft's lift to drag ratio, 

Quantitative pressure and velocity 
measurements must be nonintrusive to 
avoid disturbing the flow. Multielement 
flow sensors are one way to determine the 
sepamtion point and the extent of the sep­
aration bubble on laminar flow wings, 
NASA .. Laugley's fluid dynamics branch 
and AS&M developed a panicularly ingen• 
ious technique using a multielement hot 
film anemometer made by depositing 
nickel, via electron beam evaporation, 
onto a substrate. The sensor is about I 
micron thick while the leads, also made by 
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dcPo.•d!ion, arc ubout S microns thick. 
The !C<:n:ior•.~ ;z.~-micron .. thick KaJ)ton 
substrate cnn be clhninMed an~ the setlSl)t 
:icpositcd dire<:tJy ou thP. wing to be 
tested . • 

Wind ltmnet ccsts perforhted ~o far 
used i\ KI\Jlhln i;fovod seu':iOT wrap,,c<l 
;\r~urid buutnar now test wir1w;. ·n,c dah::1 
analysi~ tec!rnicrue a~ocla!ed wilh lhi: ~11• 
sor siurnllaneou.s!y de1ec1cd the Jamln1u 
:;cparation pojnt, the trnm;ition of laminar 
~o 1urb11lent 11ow, nnd the poiut where 
rl<lw 1.:-athlchr;,<:nl oocurrcri. For the 1rnn­
i;l)11ic f'!ow,;, the scm:ur h~ dc~ccli:d sho~k 
h.>eati tul,; us well i,:,. the shu,:k-induccd $ep­
.:.;.1Llon point. 

The t('chniq11c's developers, J, P~ter 
8tack. aero119n.cr, cn~incer ln the center's 
nui<l dyntJnlc..-. branch, andSiv11 M. Mnn­
galam, 6onior scientist ut AS&.\11 obscr\'cd 
c1 phase rc\•ersal in the :;hear strc:s~ fhictua­
tlous that occur .amund a sct,arntitm 
flOh•I. ·rhls is whttt allow, the sensor to 
locale a 1,;epacation t•uint. \\'hen the clcc­
l ricHI ◊utp\11 ~ig:nals from two fiJros a\'c~i-
1nultnneomsty riassod through :\ spectrum 
;:inal)7.Cr. the cross correlation shows a 
ctc.,r J8o• phas~ l'evcrsal when the two 
films straddle a separation or reatcach­
ment polnt. This phenomenon was ob­
scr,..ed ove.r ;i. frequency rornge of 0-S0b Hz 
f:,r subsonk ond traosonlc flows. Fur­
therroore, 111easuremcnt of the · most 
:mtplified fo.miuar flow imtability wave.1, 
calkd the 'f0Jlmicn~Schlictin3 waves, 
were m11de up u) 10 kl-b,. 

'l'his JUtllllb., f1ieht tes1s usiog thfa 
~ n .. o;l)l' to !ocnt.c ih.c: lamh1M scpftration 
rl)lr.~ :1( wcli "s lh.r. :;t11J1,h1tiuecd SCJ'ltua-

tion point on a wing will begin. This 
opens the possibliC>• of uiint; the senrnr 
for stall buffet warnj11.g. 

Other airframe locatiom whc1·e lonll­
nar flow ~n cut dt·ag are. eng~ne oac<:11«> 
and Lhe forward fuselage, Na~He de,s!gl1 
11111st. account for lhe effect. of ru.:om:1(ic 
disturba.nces•-propulsion al~d airfnuuc 
noisc·- on Che stabilicy of the lrunluar 
bomular:; layer, Bcca\lsc experimental 
data on these crfec-ts are Umitcd and pre·• 
dic~lo n methods .ncc1l cxpcrhncntil 
v;,ilidation, LangJe>• a.11d General Bleclric 
coJJa'oornted 011 obtnining dnta in flight. 
The cemcr1$ flight ~ppHcalions branch 
used a N!'\SA o v.J aircraft.to contlucl the 
tc:,t:;. at flight Reynolds number:; l)f aoout 
J.8 X !Q>/[l, 

A 7.ft-l011~ now-thrl'mgh NLF nace!Je 
was mou1tt¢d on a stor;:.11 pylon u1)dcr the 
OV-1 's l'ight wing. Loudspeak.::rs !it:r.,.Jng 
a.s an exlermll 1\0i$c .~omce and c1. vldco 
camera were mountcc.1 in a strea1rill11ed • 
pod outhmlrd of the nacelle. Another 
loudspeaker was loskk tl:tc nacelle, ~net 
the -starboard propdlcr wgs fc<tt.hcrcd tu 
d imin:1(e .Propc1J<'l' induced cUst\lrlnmce..i.. 
Hof .. film sensors mr.nsurcd the ~xtellt of 
laminar flow to oOscrve nolsc cffc..:t3 on 
the laminar boundruy fa~•cr. The ho( ntms 
are conventional sensors t.hat dctermh1c 
now heat tran5>fcr rates by measuring 
fJuctuations in the electrical v.oJtagc ap­
pJied to the film. Rescarchct.~ repeated the 
OV• 1 procedure f0r a niutrix of acou~tic 
Jcvcls and frequencies. F inally. 111c cxfcllt 
of lumh,er flow wa.~ compared with wh,H 
ii- t)hser\'ed wilJHIUl noise and wlth pre­
dj;;ted values. 

Tu1·~ulen1 : low al:o· ... !t 1)!) 11~ 
e,1..:0::l :1.ml lo.111!11<11· fiow r«I· 
1.11,UI WI.tu I\A')A A11lCf./1)1•y• 
dcu J'l~in R~:mc:l V:ic'.li.ty 
\1-'C~ t .l\ l'"-M ~\•l ilt. .tlo•;c wlih 
!lquiri c1)•S(al c.c:i.tl:i~; to :c~t 
l:unb!ar nc·•\" P~• for:n1mo:c. 

t,i!llfJSP,\Cll. ,\ l,H!IUCfoll l'l'ltlU. ICV W3J 15 h 



l':\~:;, •.. :11:,:,;:)· .llCt\ •.!1,.. OV·l 
.1.1.:::1n \'-i1:1 :! l:•.111i1,:u :1,1w 
r:,,:,•:I.: 11r:l.:r :11" riil11 wi·1i 
11, r ... ,:.,,m: ,:1, ('r!,•,:.1 ~•r ·1<1'w 
nn r,;,.,•11.,. l~ll ... ;\p :11:,1•11:11ii: 
•<:)m:~• ii: lb1: ()',' I'~ :,1:lbl11nl 
i1ulri11111:.1::.1joq l>ll<I (l>:>1l1,m1) 
r.,1.Ji:1:..:l> ,,.,i.~,: 11,r.,1 ,:,i: 11,lti:lh! 
lt~I ,.,·n .. ci:. :\ i::•.1:11:t:1 b.:lliud 
,:,i: M\1.:11.: \•i.,.l,:w 1111 Ill!: 111111 
:::;::)hlll 1111:: •"!:\ .. 1:1:., 

P1elimh1ary L·esulcs show chat aC:verse 
effect !Ii ol' acoustic distutlxmces on NLL' 
a1·e not n;.; se-.·eJ~ ~ JJL·~C.icte<l by usin3 the 
lllOditfod XZL crll,cri:~ of tile ·6os. 1 ,allti• 
nnr Jlow .cov~rcd ~O~'il of chc uaoclle undcl' 
most tltgh~ condit:ons. The modiffod XZl 
cric~ia dcriv11 l'rom wind tunnel cestill8 
1'rl11.i; predicted a forwurd mo\·cment of 
trnmition when th,· ac<.lll!li;ic 11ohc fre• 
,1nc1H.-y mAtchcs that <.lf 1.lu: 'l'oJlmi,-n­
Sc:l]icluin.ir; wtive':I, HowC\·cr, di,cmbunccli 
l'Cflccled by the wnlls in fl w•n<l tunnel re .. 
llect a~e absent in night, Tltis ru.ay explain 
Wh}' L~·,e LJ'l\llslLiot\-)lOhH Joc:i.1iao j& 
Jaig~]y unMft:cti:d b~ noi11<.:. 

f'HMht tc1~~ng c.1f pwpfan i:111,, ~;ltn 
high bypAss {L:Hll) engines ha, pressed 
inc<.l 5c:rvi~· improved uirburnc datu ac• 
1\Ui~itic.1.n ~rnl proct:lil:liflg syi;t<;m& fur 1H>i:se 
lit\U -.,u;tucio11, M:,:Dmmcll T>u11gh:iii hl'l5 
us~d a hi~h ,':lpi:t:'1 datn uc1\1,ti~iclun ,ylil~m 
to ga~h..:r nufa~ a;ld vibt(lliou <lflU\ tlurrug 
UHR ~':ltiflg pu i1., Ml>-;:l1) ~c:e1, air:.:raft. 
li'cut•~rci iucJudc 256 channels. 1.6 million 
sumpJcs/scc, 0.1 U.-'o 3.;:.;:uracy, d~•n:lmic 
rnngc of more chan S!l dU, 2 aad 10 kHz 
data bandwidti>s, 80 dU(oCtil\'c? i•oJl-off, 
fuur 64-,~]Hmfl,•I 14-bit tmnlog/dig\tal 
c<.1nv:.:ncr.'$, LO-chann,~1 moniwriue digi• 
laJ/uf~alc.1g <.:onv~ir(t:T~ for CA1ibration6, u 
liq\1id CT)'lit1tl di1:1pluy ~rmi11ul. And 2~<• 
m1tiHlh1sing filters. whi'ch use u pro.;;cssin~ 
algorillml to limoulh md \llt,;p:; i11 1.hc <.lfltU 

ta 11101e cJosely t1r,pro.•da,aLe L·eaiil}', 
Cumbh:i<.:d \!iilil i1d,·AT1ccd dutA pru-

1::essl1lg l)Jl lhe gmun.:.1, th<: ll)'lilen'I rcdu:.:eli 
Lhc Um~ for ~>·n&mlc <lota nxluctim1 to 
L\•;o (LO)·~ frm11 SiJI'. Lo eigi,t weeks fut q1\a­
lo,g L·ecpr(ll,lg .au<l 11ru<.:e.-.sh1g Lechuiques, 
The grounU prnce.$sil\f: ~>·~Lem hfl':1 .a DEC 
LSC-lll73 (;o.11lmller w)th tlU RSX,,r\.J•t 
uP.erulini: ,y11.1:m. SignHl pro~·:1·~ing i':I 
h•ndlcd by • CS)>l MM-211 array proccs .. 
sor. A v~rsacoc \lliO .and a 6,250-bit/in. 
tape dtl\·e .i1·e lhc ptltnal')' al~L,,1.u dcvir.1::s, 
but lhe S}'SleH\ .aJso has n OHC PDr-'·ll/d~ 
mlnicomptiler, a 1,600-bil/in, Mp<; tlri~e. 
m,d HGL I.ZR 2600 b1:i:cr printa:/pkltter 
ror graphic~ output. 

Combining hat mm sen&ol's and 
acoustic n,lecu)'lho1le,; b.a.s· t't:l!<:Tltl}' flruve•l 
ro be ,•nluabh! ln n.nori,er mghf cx))el'i .. 
mcnt. The JAmim1r now coiHroC projcc:r 
ufffoe "t ~ASA··I .,uw.lcy reudne~l Hoeing 
))1\tlc:1 ,, cm\Ll'ACL 1.u ClL a 7.~7 wiLh Kil ~u~ 
wing gJove Lu 1t1i:nsure 1.hc t:flccL!; uf uni-.i:: 
cul a wiut•» inruinqr flow i11 flii;hl. 'f'htol.­
LJII\~ i~,~ 1!1lj;i,l'l<: bctwcc.:n fli&hl i.:H: a:1d 
nmxim11u1 thl'U,i;t \'adcd the l!Oise. Mush 
111icrophol1e;,; u)cas11r<:cl Lhe !Joi$\'. fieh~ iln• 
pi11gi11g uu ~he wing, und '1<.H film~ clc· 
tech~.:! the Ln1n:eitiqn poinc. Prcqu.;;ncic!I of 
Lhc cngi11,· fnn noi':lc re;iche~ 40 kHz, 
Mac:b numbers flown 1·1rneed from 0.6 1 o 
o.g2 ut uh itt\dcs r.1f 30,000·4 l .OOO ft. I .am., 
lmlt' f\n',\, 011 the wjnP. upper surt'n.;:;; WM 

up lo ~0% chol'd und did not YIU')' eitJJa· 
wilh oui1:1~ f~4'1.IU<:nq or cng(nc powcx. En• 
giuc noist; catJ;.;i:tl Lrunliitiofl ~o :,i::wc for­
watd 2% m1 ·lhe lower liurfl'l<.:c ~o 2~:f.1 
chocd. 

Al\Olh~r u~w fligbt-v.•,<. ,·i":1uali1ntiotl 
li:<;}n\iquc for laminar flc,w bcin~ <.fov~l·• 
oped is the 11,;c or an iufr~rod camera to 
differ~ulinte i,etweeu laminal' and IUl'bll-. 
lent now. t~an~ley,;,; nigb~ anpli<.:t!tion.-. 
brQl\~li IUucu~ua<.i:, thc,wirls with t:iTI in l'n:1-
tt<l bghl ~u~;rcc itnd U':lcs the ~~an1cra .o 
pick up dlffere11ci:s in :1urfac:c 1.ecnpc;r>1-
tm·c. AL M.a.1::h J\\lruhefs us· ;uw AS 0.2 the 
difl'cl'ence clue <.o md~ce ~b~..:T ;.;Lri::,ll -.•~ri­
acions in the boul\dal'y .luy~r Is i\buul O. L 
f', WL)iJC neal' M.ach l i( cuu tn<.:r,•>1~.: tu 2.0-
:JO F. Thi~ ci::.:~11i~l\1~ i11 nonin1,ru~!vc Hnd 
a11p:ur:1 pr<.lmisiJlE! dc~pite the cxpc:ns~. 

A t~am headed by John Ifo::ks flt\d 
Ne~: .Matheny, formct a1\d sueseut chief 

. Cnginet1·s of ll\e XJ.9A pt<1j..:cl, ~p~c .. 
tively, are fli~ht lc:sting I hi, fcirward .. 
iWffll-Whl.f: ~::.chnolO~t)' clcmon.strator :lt 
NASA A:mes/1 >rydcn l'Jight. Rcsea1'Cl1 l'a­
<.:ili~)', 'l'ht: fJight test 11Jrcran is a jojm 
pro;cct of the Defcm1e Ad,'f'IJl<:4!d R~ 
;.;i:arch l>rojc<.:ts Agency, tltc Air Fol'<X?, 
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