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The infomation in this Technical Suppon Package com-
prises the documentaiion referenced in LAR 13319. It is
provided under the Tech.olosy Utilization Prosran of the
National Aeronautics and Space Adninistration to nake
available the results of aelospace related d€velopments
considered ro have wider technological, scientific, o. com
nerciat applications.

Additional infomation .esarding research and lechnol-
osy in this seneral area may be found in Scientific and
Technical Aerospace Reports (STAR) which is a compre
hensive abstrncling and indexing joumal coverins world
wide report literature on the scienc€ and technology of
space ard aeronautics. STAR is available to thc public on
subscriprion from the Superintendent olDocuments, U. S.
Government Printing Officc, Washington, D.C. 20402.

he accurate measurement of the location wh€re a
laninar boundary lay€r transition to turbul€nt serves
many puryoses. In basic res*rch and in dev€lop

menlal lesting, this information is needed for validation of
theory ard desisn. For example, a complete understanding
of pe.fomdce md stability md control of a laminar flow
airplane 

'equire. 
tnoqledge ol transition locations on $ing

surfaces, €mpennage surfaces, fuselage and nacell€s.

_I

Technical

INTRODT]CTION

Several methods, visual, acoustic, and electronic, are
capable of providing trmsition infonation. These methods
may utilize sensing devices mounted either on the test
surfacc or through the skin surface from the interior to the
exrerior of the test surface. Each of th€ various transition
measurement methods has advantages and disadvantages.

One very useful device for large scale wind tunnel and
flight applications is the ihin, surface-mounted hot-film
gage- Hol films indicate transition by responding to the
diflerent heat transfer in laminar ve.sus turbulent flow.
These gages ar€ approximately the size ofa postage stamp
a.d are applied 10 the tesl surface using conventional
strain gage installation techni.tues. The advantages of these

NOTICE: This d@unentwas prepared u.derlhe sponsor
ship ol the National Acrcnautics Dd Space A.lninistmtion.
Nenher tlE United Slates Golemncnt nor dy person
acting on behalf ollhe United S1a1es Govemdenl assumes
ey liabilily resulting flom the use of ihe infomation con
r,ined in rhi\ do.nmenr .r wFiiFnis ih,i {,.h se vill h.
lrce fion privately orned rie]ts.
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gases r€late to installation flexibiliry and durability. Since
the gages and associarcd wiring are entirely surface
mounted, they mav be used on test surfaces which do not
permjt through the surface types of instrumenlalion. ln
addjtion, with care, it is possible to renove and rcposition
gages for reuse in orher locations. lnslallcd gage thick-
nesses will noi be large enough to cause transition for
testing at sufiiciedly larse model scales. However, the
wiring attached to tbe downstrem end of each gage will be
larse enoush to cause a transition wedgc (emanating down-
stream at aboul 7' half ansle). Thus these individual sases
must be sta88ered lo avoid turbulent contamination of a
downstream sase from a neighboring upslrearn gage. This
n€ed for staggering is the source for thc most significant
disadvantases of individual horfiln gagcs.

Dedicated electronic circuitry is typically connected to
the postagc stamp-size gages usi.g coaxial cables which
are necessary to provide a low D.C- resistance, constant
A.C. impedmce conneclion. Howcver, the dianeter of
fiese coaxial cables js sufficie.tly large io disturb tlte
airflow in the viciniry of the gages. The exact placemcnt
and means of attachmeni of these cables rclative to lhe
local arrfloq dn,l Bage cquirc carclul d,re1r,or .

The continuous multirleme.t lot film trdsitjon gage,

or mLlti+lemenr hor film bnundr-) la)e' rransirion 5cnso'.
has been developed to overcome the disadvantagcs of
i.dividual hot filn sases by integraling thc rcquired num
ber and d;stribution of hor tilm sensing elements into a
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long. continuous. thin sh€et. Transition data acquisition is
acconplished using an electronic switching system which
allows rapid switchins of all senshg elernents into the data

SYSTEM DESCRIPTION AND OPERATION

The continuous multi-elemert ho!filrn transition gage is
shown in Fisur€ l. The continuous thio sheet, l(a), of a
particular len8th. l(b), covers the area of interest for
transition measurements beginning at the leading edge,
l(c), and continuing to downstream of th€ transition
region, l(d). For example, on an airplane wins of 10 feet
chord lensth, the sase may be as much as 7 lo 8 feet in
lensth. The leading edge, l(c), of a gage rnounted on the
upper surface of : wing would wrap around and beneath
and dow.stieam of the wins leadins edse. ln this fashion,
no disturbance fron the filJn leading edge will cause lur-
bulenl wcdgcs to disturb th€ bot film sensors in the tra.
sirion 

'cgion. 
A lcchnique for in\lalla[on of d]e sensor i'

described in tlre section. "Multi Element Hot Film Transi
tion Sensor Installation Procedurcs."

Con\enriondl hor film manuldcruring Ieclmiques pro
ducc films thin enough tbat sideways-facing steps at the

sa8e lateral ed8es. l(e). do not cause turbulent wedses at
mosl lest conditions on large-scale t€st surfaces. For situa
lions *here the lateral edges would cause transition, the
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edges may be filled and faired, l(€), to conect this difr
culty. A nethod to accomplish this is descnbed in the
instatlaiion proc€dures. Th€ gage incorporal€s as many
hot film sensing €lements, l(f), as needed, distributed as

needed alons the leneth of the sheet. By closely spacins the
elements alons the upstream end of the sheet, l(e),
stagnation or attachment line location can be docum€nted.
Furlher downstream, l(d), fie elements are more wid€ly
spaced for t'ansition location neasurem€nt. The widfi,
I (h) , of the sheet provides space for th€ sisnal l€ads, I (i) ,

56

to be canied laterally away from each hot-Iilm €lement and
lonsitudinally to the downstr€am end of the she€t where
exremal wirins attachments, l(i), are mad€.

The gage utilizes inproved cilcuitry in lhe form of an
€lectronic switch. The switch is a poiver MOSFET (metal
oxide semiconductor fi€ld effect transisror) device capabl€
of switching far greater cunents (1o A) than the hot-film
€lements requi.e. The r€sult is that the "ON" D.C. resis-
tance in the switch is very small, on the order of 0.018
ohm. This r€sistance is repeatable and will not be aff€cted

TECHNICAL SOARING
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by a8in8 or the number of switchins cycles. The MOSFET
switch wil not oxidize as do conventional contacts, and il
is not aflected by vibration or accelerations and is rot
position s€nsitive. The MOSFET switch also has a very
rapid switchins speed which allows sensor elemeots to be
switched into the sero loop at very high rates wiihoul
dmage 10 the sensors-

A 4 x I elcctronic switch matrix is shown in Figure 2.
Hot-film elements I throud 4 are electro.ically s€lected in
any sequence for inclusion into the hot film conslant tem
p€rature seNo conlrol l@p. An element selector circuit,
Figure 3, consisls of a lhunb whecl digital selector switch
and an electronic cbannel decode. which directly drives th€
power MOSFET switches. Figure 2 also contains an
elemeit encoder for delermining and recording which hot-
film elemenl is aclivated al any time.

Altemative enbodiinents of the gagc include variations
of the geomeiry (length and width) of the sage such as a
continuous sheet which covers both the upper dd lower
su.faces of a wing to provide simultaneous transition
neasuremcnts on both surfaccs. Anothcr possibility is the
substitution ol very thin pressure seosing elements for the
f"r nlm elemenr. (or co in.rallarr.n nI rhe r$o 'en'inB
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devices) to provjde chordwise measuremeot of static pres
sure distnbutions simultaneous and co loca.ed with trmsi

lncation of eleclronic switches n€ar sensor elemenls
sisnificantly reduces the nurnber of wires required to sense,
acquire, and record data. The number ofhot film elements
which can be multiplexed into a constant temperature
anemometer sysiem depends only on the number ol
switches in cornbination with the number of dd€band
servo channels that are available i. a given system.

SUMMARY

Installed on a laminar flow surlace, the continuous
mulii element hoGfilm transition gage provides boundary
layer transition infonnation in the streamwise direction.
The gage allows simultaneous measurement of stagnaiion
or attachment line position aligned in the streamwise direc
tion with thc lransition measurement. with this gage,

dcrailcd studies are possible conc€ming the eff€cts ofthree
dimensional flow fields on lminar flow behavior. Thus.
the gage provides a unique means for acquiring accurate
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boundary layer data ir situations wheie sensing instru
ments must be installed on the exteriof of a test surface.
Th€ Sage p€rforns the functions of previous systens with
greater simplicity and saves lime, space, and cost for
Iaminar boundary layer data acquisition systems.

The elect onic circuitry allows switching of el€ments
into the servo conlrol loop at faster rates than was pre-
viously possible. The electronic MOSFET switch provides
a v€ry low resistance which will rernain repeatable through-
out the aging of the circuit, and the switch will not b€
afiected by vibration, acc€l€rations, oxidation or lif€ cycle.
Th€ rapid switchins spe€d pemits sisnificantly more data
to be gatbered than prior art circuitly.

MULTI.ELEMENT HOT.FILM
TRANSITION SENSOR

INSTALLATION PROCEDURES

A bland nanes ne tioned in the insbltctions arc
brands used an.l can be sfistituted h'ith a eq ivalent

Hot-Film S€nsor placement area. Using the adhesive
alisment marks as a suid€ press approximately one
inch of adhesive width to wins surface while 2nd
person holds rexnaining adhesive strip abov€ surface.
Working to the person holding adhesive stdp, slowly
p.ess adh€sive to the surface with a plastic squeegee
using care to r€move all trapped an and solvent by
wo*ing attached adhesiv€ with the squeeg€e. Once
€ntire lensth of 3MY9460 adhesive strip is attached
continue to work out trapped air and solvent. Wipe
excess solvent froxn edges ot adhesive with clean lin!
fre€ cloth. Paper backing witl abso$ some of the
solvent alons edses. Use a ne€dle to puncture any
remaining an bubbles to remove trapped air and sol
vent. Asain use clean lint-Fe€ cloth to wip€ away

Allow adhesive to dry I hour mnimln at 75'F.
Check adhesiv€ paper bacling if solvent absorbed by
backine is dry, paper backing can be removed. Starting
at one €nd of adhesiv€ strip slowly peel paper backing
away from adhesive. Be careful not to lift adhesive
from wing surface. Best procedure is to hold backing
almost flat over asainst remaining attach€d backing
when p€eling away and pull very slowly. Once pap€r
backng is remov€d, Hot-Filrn Sensor should be in
stall€d immediately.

During installation of Hot-Filrn Sensor, again two
peopl€ are required. While holding HolFilm Sensor
above adhesive, usiry sensor aligunent narks as a
guide, ptace one inch of sensor widlh to aalhesive.
Th€n use a plastic sque€gee to press remaining sensor
to adhesive; work towards the peNon holding the
uattached podion of Hot-Film Sensor above adhe
sive. Hot-Filn Sensor should be applied very slowly
to ke€p sensor flat and smooth against adhesive.

After the Hot-Film Sensor is attached to adhesive,
adhesive from border of sensor. This

c.n b€ accomplished by rubbing excess adhesive with
fing€rs. The adh€siv€ is easy to remov€ at this stage of
curins. Make sure all exc€ss adhesive is removed from
border of Hot Film Sedsor.

Fair the border of Hot Filn Sensor with Dow CominS
732 RTV Adhesive/Sealant as follov's: The RTV
should not exce€d .002 hch height protrusion above
the HotFilm Sensor or the wins surface t{th inch
away from sensor edge.

a) Place on€ layer of on€ inch wide Pemacel P252
El€ctrical Tape directly on rop and along the lat-
eral bo'ders of Hot-Film Sensor. Make sure to
stay even and parallel to the sensor edges.

b) Place one layer of one iDch wide Permacel P252
Electrical Tap€ on wing suface paralel to and *
inch away from Hot-Filrn Sensor bord€r.

c) Plac€ one layer of maskins tape directly on rop of
Permacel P252 previously installed on wing sur-
face. This layer of masking tape should be in-
stall€d leaving hth inch of P€rmacel P252 Tape
showing on edSe n€arest to HolFilm Sensor. The
maskins tap€ will act as a guide for putty knif€
when sFeading RTV.

Squeeze out a bead of Dow Coming RTV 732 Ad-
hesive/Sealant sumcient to fill tle t{th inch space

List of Materials

6.

1-

8.

9.

Dupont Prep Sol 39195
Johnson Kil Past€ Wax
Pen, Pemanent Sanford's Sharpi€
Pap€r Wip€n
3MY946O Adhesive
Permacel P252 El€ctrical Tap€
Pap€i Masking Tape
Dow Comins RTV 732 Adhesive/Sealant
C€llulose Acetate. Cl€ar .020 thick
Chevron Hy Jet IV Hyd. Fluid
Everhard Products Hand Roler 2 ! 2 Hardrubb€r
Plastic Squee8ee (Auto Body Filler Typ€)
Putty Knife (l inch Red Devil)

MultiElement Hor-Film Transition Sensor

Instlll{tion P.ocedu.es

Wash wing surface area wilh Dupont 39195 Prep Sol
Solv€nt wh€re the Hot-Filln Sensor is to b€ install€d.
Wipe dry witl clean linlfre€ cloth.

Wax entirc HolFilm Sensor area lvith pre-soften€d
paste war (Johnson's Kit). All residue wax rnust be

Using a black permanent inh pen (Sanford's Shar?ie),
inark lh€ prepared surface with two sels of alignment
marks. On€ set for the width and lensth of 3f{Y9460
adhesive and one set for tJle width and length of the
Hot-Filin Sensor. AI narks should be at th€ angle the
HolFilm S.nxo. ia to be installed.

l.

2-

4. Cut a leneth of 3MY9460 adhesive sufiicient to cover
ar€a previously marked.

5. This step.equires two p€ople. Apply Dupont 39195
Prep Sol Solvent by hand to completely wet area
rna*ed for adhesive placement. Wlile area is still lvet 10.
with solv€nt apply adhesive by holding adhesiv€ above

TECHNICAL SOARING



bet*een Hot Filh Sersor and tape on wing surface.
Usins a l% inch putly knife (Red Dcvil 4302) spread
RTV in a fillel rnanner along t]1e entire length of Hot
Filrn Scnsor border. Once RTV is spread dd eea
b€r$een Hd Frlm Seho' and $ins \udace rapc is

fill€d, remove the Pemacel P252 tapc tiom HotFilm
Sensor and wing surlace leavins RTV layer-

l-ay a piece of clear cellulose acetate, -020 thick by
ly1 inches wide ed l€nsth sufficient to extend 3

inches beyond bo$ ends of Hot-Film Se.sor, on top
of RTV fill€t layer. Make sure the outer edse of
cellulose acetate is even with RTV edse 1t inch fton
Se.sor asainst wins surface- Use a 2 inch by 2 inch
hdd rubber hand roller (Ev€rhard Products) to roll
cellulose acetate agai.st RTV.

Continue rollins until exc€ss RTV is prcssed ftom
udemeat}t cellulose acetate and a good smooth fillet
is formed from Hot Film Senso. to wins surface. Try
to maintain a X inch width and a maximum of 0.002
protrusion of RTV above the sensor and wing surface.
Wipe away excess RTV as area is rolted.

Once c€llulose ace{ale is smooth against RTV use
masking tape on the 3 inch overlapping ends to hold
cellulo.e acelare righl again.r Rry filler and ro $ing
surfaces for drying. Allow mininum of one hour dry-
ing lime and test pull one end of acetate: acetate
should pull away from RTV easily and leave a snooth
surface. Excess cured RTV ca be trinnned away alier
cellulose ac€tare is removed.

Place one layer of one inch Pemacel P252 Elcctrical
Tape over the RTV fille1 allowing an even overlap on
Hot Film Sensor and wins surface approxinately l/8

to l/16 inch on each side. This rape acts as a smooth
su.face over RTV and allows surface to be cl€aned
ad chemical agents to be sprayed on for flight.

Sensor is ready for use.

.

t3.

2.

3.

4.

5.

2.

l.

l.

Removal of Hot-Filn Sensor

t2.

Renove Permacel P252 Tap€ ov€rlappins RTV 732
from border of sensor.

Slowly renove Hot Film S€nsor by peelins away from
3MY946O adhesive.

Cleao Up of 3MY9460 Adhesive and RTV ?32

Place a paper wiper agains. the exposed 3MY9460
adhesive, coverins all adhesive. Paper wip€r will
readily stick to adhesive.

Saturate the paper wip€r with Skydrol Hydraulic Fluid
(Chevron Hy Jet IV). Wipe away all excess fluid f.om
surface around paper wiper and allow to stand for a
minimM of 15 ninutes.

After nm€ p€riod the paper wiper will loosen and
easily lift away frorn adhesive.

Using a plastic or w@den scraper, scrape away t}le

Onc€ all gurnmcd adhesiv€ is removed, wash away all
remains with Dupont Prep Sol 39195 to vash away
remahins RTV 732 filn.
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