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JOTATION
x=Distamce along sheet from leading edge.
Ysbistemoce normal t0 the shest.
r=Radiug of curvsture of sheet.

uz=Local velocity in x directiom.

U=llesm free-stresm velocity.

veloocal velogity in y direction.

Ry*Reynolds Tumber based on length x =nd velooity W.
Rysieynolds Number based on length y emd velocity U.

J-Boundary lgyer thickness.

p=local rressure.
u' - j‘;é
A,zDouble smplitude of vibration of wire in calibrating tunnel.

W=Frequency of same.

PgaStatic pressure in czlibrating tunnel.

k®Galibretion constant of Pg againstéfuin calfbratine tunnel;
‘(?Density 0f alcohol in manometer.
faDensiW of air.

y sKinematic viscosity of air.
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SUDIARY
In the flow over the wupper surfsce of & wing, & discre-
pency between the predicted and sctuel point of transition
from laminar to turbulent boumdary lzyer had bsen founde This
effect mgy be due to the comparatively small radius of curvature
of the upprer surface 0f the wing. The present tests were under-

teKen o investigate this effect.

As no available channel was sultable for this work, a
new channel with two working sectioms wes built. One working
section had a well with 2 twenty inch radius of curvature and

the other section had & flat wall.

Three types of measurements were msde: a. Traverses
were made with & total head tube to determine the character
of the boundary layer &t various Reynolds Numbers. be. The
turbnlence distribution in the boundary layer wes imvestigated
by means of & hot wire and vacuum tube smplifier. o. 4 similiar
investigation of the mean velocity distribution in the becundary

lgyer wsis made by means of & not wvire snemometer.

It was foumd theat by using & sbreviated form of the
tarvulence level traverses, critical Feynolds Numbers for the
transitions could be estsblisneds. These oriticsl Reynolds
Numbers are plotted ss a function of % {x being the distence
of the iransition from the leading edge of the plate; r being
radius of curveture of the plate) for both the convex and concave

side of the plate.
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INTROLUCTION

In practicelly every article on the performance of the
modern high speed airplane4oan be found a statement to the
affect that sinoce great strides have been made inm "cleaning
up" airplenes serodynamically, the points which once seemed
unimportant have recently become the focus of the designer’'s
attentions This is particularly true of the skin frictlion

drag.

It has long been known that for =z cértein range of Hey-
rnolds Wumbers the laminar skin frictiom coefficlent is much
smaller than the turdbulent skin frictiom coefficlent for sny
Reynolds Numbers ovtainable in prsctice. It has also been
discovered that the tramsition from laminar to turbulent
boundary layer on the top surfzce of & wing occurs &t a peoint
much farther bsck on the »ing than would be predicted from
transition messurements made on & flat plate. The primary
cause of thls discrepancy was thought to be due to the effect
of the very high curvsture of the upper surfsce of the wing
on the boundzry layer. It was to investigate this point that

the present series of tests were inaugurated.
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DECIGN OF APRA=ATUS .UT BAUIRMENT

‘Vhen this series of tests sas started the only channsl
which »as at all suited for this +ork vas a small ome which
hsd previously veen wusod by Vattendorf* in determining the
affect of curvature on fully developed fturbulent flow. This
channel had several disadventages. It operated at subaimose
pheric pressure which caused the walls to deflect inward as
the speed increaseds At the szme time, any hole aimitting
measuring instruments might als¢ admit snough air to serious-
ly disturb the flow. The channel was so small that difficulty
had been sxperienced in using correspondingly small measuring
ingtruments. he last but perhaps the most important disad-
vantage was that the channel was not sasily adaptable to starte
ing the boundary laver with zero thickness at the beginning of

the curvature.

“1ith this in mind, 1t wzs decided to bulld a new chsn-
nelwhichwould overcome these difficultiess. To0 prevent wall
deflections the mew tunnel would have to operate at atmos—

pheric zressure. This was accomplished by putting the fan™*

*Wattendorf, Fe Loy, 4 Study of the Effect of Curvature on
Fully Developed Flow. “roc. of Poy. Soe. of London, Heries
4, Vole 148 pp.565-598. reb. 1935.

**Por & detaziled description of the componemnt paris of the chan-

nel, see Appendix I.
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ahead of the working section {see Fig.d). In this arrzngement
the pressure drop &cross the fsn is approximately equal to the
dynamic pressure in the working section (except for friction
losses end the expension at the exit.! 1In order to damp out

the turbulence of the fem, a largse pressure box {see Fig. 1)
which had been used on znother tunnel wss added between the fan
and the working secticm.In this box were placed two screensg
comprised of several lsyers of cheese c¢loth which served to

damp out the large eddies and gave a wniform flow of very fine
scale turbulence which damped out before the air reached the
working section. Behind the fan was =2lso placed a diffuser

by mesns of which some of the kinetic emersy of the air {4§fﬁ/ﬁ
was converted into pressure before 1t entered the box. To
pravent undesirsble drafts and eddy curents in the room, snother
diffuser was placad after the working sectionm. Into this dif-
fuser were built two screens $0 creste 28 pressurs 4rop to coun~

teract the prossure rise of the diffusion.

A grost desl of thought wsas given to the design of the
gorking section (for details see Appendix I). It was desirable
t0 have the channel as large as possible and yet have a favor-
ahle zspect ratio 1o assure two dimensionsl flow. The channel
wes made as tall as the pressure box which vas saven feet high.
A twelve to ome aspect ratic was docided upon which made the
channal seven inches wide. In order that the bowndary lsyer
start with zero thickness, messurements were made on a shest
suspended midwsy Dbetween the side walls and extending the full

height of the channel. 7This presented both & convex snd concave
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surface of the same radius of curvature. Ais only the effect
of aurvature wss desired, zny pressure gradient in the channel

uas eliminzted by making the side walls adjustable.

The choice of the radius of curvature was more difficult.
The teoretical aspects of the problem were first investigated.
The emount of curvature mgy ve expressed numerically by the
parametar’ﬁgwhere & is the bvoundary leyer thickness end r is
the radius of curvature of the wall. 8Since the boundary lsyer
thickness is a funetion of the distance x which the flow has
traveled along the plate, we mey replace this parsmeter by %.
The critical leynolds Number R, of the tramsition from laminar
to tufbulent bLoundary layer on & flet sheet is a constsnt, osner
conditions being constant, but for @ curved sheet it becomes
& function of-%. Iz Qgﬂﬁhe object of this research to determine
the dependence of R, = %} °% %, The method of doing this was
t0 meke measurements at a point on the sheset; l.e. for a value
of %, #while varying the Reynolds Number by varying the sveed U,
wntil the tramnsition was reacheds. A oritical R, vas thus obtained
for a value of %ﬁ Similier measurements were made &t other
points on the sheet, both om the comgave and convex sides.
By this method the criticsl Reynolds Numbers wereobtained for
a series of values of %‘ The object of this discussion is to
point out the fsct that the effest of curvature om the critiesl
Reynolds Number over a considersable range can be obtained with
one radius of curvature. 7ith the aid of & papesr by Schlié}ing*-
it mas decided thst a central sheet forty-oight inches lomg and

’Schliqgang, Ha Uber die Entstehung der Turbulenz in einem
Rotierenden Zylémder, G0tt. Nachrichien, "eft 2, pp. 130, 193z.
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with & twenty imch radius of curvature would permit the mesa-
surement of critical Reynolds Numbers for & wide enough range

of values of %.

In order to adgust the turbulence level of the free stream
gnd measure the critical Reynolds Number for no curvature, a
straight section similisr to the curved one was mad@. It is
also planned {0 use this section 10 messure the effeot of rough-

ness on the tramsition.

“hen the tests were insugurated, the straight section
wag initially ugsed., The turbulemce 1u the free stream, measursad
by meams of & hot wire and amplifier* was found to be very high
with frequent "bursts” that mede the nesdle of the emplifier
eutput meter go off the scale. This difficulty was obviated
ty putting sheets of plywood across the corners of the pressure
box near the exit (see Fig. 1) where stemding vortices were
veing formed snd released into the stream. The rusult wes a
fairly steady resding indicating sbout one half of one percent

turbulence in the free stresm.

Ag the time was growing short all further tests on the
straight section were deferred until next year sand measurements
were tegun on the curved sectiom. All tests opn the straight
gectlon have been conducted Ty Mr. XK. Ce Charters.

*For detalls of the hot wire appsratus and techdique see Aprendix II.
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MEASURELENTS ON THZ CURVED SECTION

From some work done by Dryden* 1t was seen that there was
2 point of maximum furbulence in the boundsry lsyer near the
trensitione. It was thought that 1t would be possible to utilize
this phenomenon in loosting the transitionm by vlacing a hot
wire 1n the boundary layer sud incressing the velocity until

a peint of meximuw turbulence was reached.

However, when thig work wmss begun the suthors nad no
definite idea as t0 where s transition was %0 be expected, 23
the ¢ffact of curvature was unknown, and, also, no ldea as 0
the optimum distance from the wall to place the hat wire.
¥or this reason 1% was declded to make total head surveys at
acversl points for a sories of free-stream velocitles lu order
t0 determine the chsaracter of the boundary leyer. One set of
these is plotted in Figs 2. In this figure the ordinates were
made dimensionless by dividing by the totsl rressure of the free
stream. These measurements vere made before the static pressure
wes adjusted to zZero 80 that the curves were not converted to
velocity rrofiles. The striking feasture of these curves is that
the free stream tetal pressure is reached 2t about the same
distance from the wall independently of the free strezm velocity.
Only the shapes of the curves indicste a trsmsition from laminsr

*Pryden, He Le, Alrflow In the Boundary Layer Year s Flate.
He A« Co A« Teche Repe No. BSZ, ppe 15, Fige 28
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t0 turbulent voumndary lsyer. It was here thst appesred the first
indication that the transition would be hard to define becauss
of the gradusl change from laminsr to turbulent flow. However,
these measurements dld serve to indicate the range over which
the trzmsition could be expected, and the width of the boundary

layer.

"hen the character of the flow had been fentatively es-
tablished, the pressure gradient in the cheanmel was sdjusted to
z6r0, #nd the staztic pressure 4 about & half of an jnch from
the wall vas made equal 0 the atmospheric pressure. This wss
done bty means of & tilting multiple manqmeter connectzd to small
static tubes plzced about every six inches sround the plate.

The final pressure variations -vere less than one percent of the

dynemic pressure.

“7ith the avove data in mind, the output of & hot sire am-
plifier wes connected to #u oscillograrh wnd visual snd photo-
graphic messurements sere made. These are shown in Figs. 3,4,

By, 8 & riged is & reocord tsken in the free stresm fhat jndie
cates & fine scale turbulence xhich has & falrly uniform level.
Fig.4 1s & record of the turbulence in the larinar bdboundsary

lgyers It is herdly turbulence im the usual connotation of

the ~ord, but 1s in reality compsratively slow varistions vhich
glve & fairly lerge and very wmnsteady reading on the output meter.
Fige 5 1s & record of the turbulence in the transition houndary
lgyer. 1t comprises fluctustions similiar to those in the lam-
inar lszyer end slso fluctuations similiar to rig. 3 which was

mzde in the definitely turdbulent voundary layers 1% is practically

impossible to read even a highly Gamped outrut meter »hen messure-
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ments ere being mude in the tr:nsition region. From Figes

it is quite easy to see vshy the tremsition appears to be so
gradusle The flow at the point of trensition, being Just

on the verge Of instabillty ls markedly affected by any slight
external disturbance. The veriations in the free stream tur-
bulence thus cause the point of trasnsition to continually trsvel
back and forth past the wire. This necesssarily means th:it eny
measurements which tend to sverasge the readings meke the trane-
sition apresr to extend over & large region. The meter rezdings

for Fig. Syere steady if a highly damped output meter was used.

In locating the transition by means of visual observations
on the oscillograph, 1t »es £ound impossible {0 make messure-
ments which could be duplicated with any degree of osccursaoy.
This led the authors to attempt meking a series of turbulence
rrofiles for various speed at seversl points. Theée profiles
were tcken at a pointll0.2 cm. from the leading edge on the
convex side of.tne sheet. The variations in Reynolés Number
were obtaipned by changing the speed. These profiles are shown
in Fige 9 which sre later crossrlotted &s equal turbulence
level contours in Fig.18. Next, additional profiles were taken
at points 22.9 cmse snd 36 cms. from the leading edece on the
concave side of the sheet snd are shovm in Figs.y, 8 . 0Om
this side of the sheet these were the aonly two points a8t which

it #was possible to obtain measurements with the velocities
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available without drilling more holes to zdmit the hot =ire
into the tunnel. After these profiles had been made,8 grest
dezl of diffieulty was encountered -vith the hot wire aprarstius,
snd after spending considersble time, further messurements of

turbulence profiles were postponed until a later periocd.

It is interesting to compare the two turbulence profiles (Fizs. 10,

- for the concave side of the sheet with the one for the convex

slde and these in turn with the one given vy Dryden which hus

been replotted in Fig.1ld . Al four show a point of maximum
turbulence which mgy be tsken as a chsrsateristiae point of the
transition. The effect of curvature is to move the point of
na&ximum turbulence closer $0 the sheet on the concave side and
farther argy on the convex side. :Lf{er the trensition the contour
lines for the concave side move rapidly in towsrd the wall while
on the convex side the lines appear to be drzwn ont in the direct=
ion of flow. Dryden‘'s contours are not extended far enouch

to determine the cheracter of this rhenomenon for the straight
#81ls. The peculiar s»irls (see Fig. 10) in the comtours for

the convex side of the wall are due to the falling off of the
profiles after a maximm had beem reached and then suddenly
rising apain in the vicinity of the wvall. This second rise

&g not noted on the concsve side of ‘the sheet.

Trg wovement i the transition slong the clate ss shown
by the three sets of contours tsken by the suthors are in the
right direction and will be discussed more fully later, CUryden's
contours indicate that the transition for nis strairnt well
czme at @ later point than eny of those given by the authors?

curves. There are three factors wshich may have caused this
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discrepancy: intensity amd scale of turbulence in the free stream,
and surface roughness of the shest. The level of turbulence in
Lryden's tumnel was given as 0.57 which is comparazble to that

in the authors® tunnel. The scales 0f turbulence in the authow”
tunnel is nrimown as no veloocity correlations have heen mede =s
yet, and no velue was given for Dryden's twmnel. Where Drydem
used 8 polighed sluminum sheet the suthors used & rolled end
polished steel sheet which hed nuwerous smzll pits, svidently
caused by the rolling. More dzta om the effect of this will

be svailsble when the contemplated roughness tests in the straight

sgction sre cumyleted.

After the trouble wiih the hot-wire apparatus developed the
guthors decided that it might be possible to esteblish the trame~
sition by means 0f & series of equal velocity contours similar
to the equal turbulence oontours. The velocities were measured
by means of & hot-wire anemocmeter which pafmitted measurements
very close t0 the wall. 4 check run was made using a t0tal head
tube, =zud applying the wall correction obtained by Jones*, The
results of both methods are shown im Fig. 14 for a point 1C0 cms.
from the lesding edge and &t @& speed of 18.8 meters per second.
It was declided that the difference was not enough to warrant
further investigation at this time. Thzﬁzgmplete profiles are
shown in Figs. 15-21. These were cross plotted as equal velocity
contours in Figs. 23-26, If we compsare these

rJomes,Bai. Jl8asurements of Profile Drag by Pitot Traverse Method,
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we see that the effect of curvature is to increase the boundary
lsyer thickness on the rcomvex side of the sheet and 10 decrease
it on the concave side for both the laminar amd the turbulent
boundary lgyer. This is in accord with the measurements made
by Wattendorf* inm a fully developed turbulent flow. Very une
f ortunetely there is mo characteristic feature of these contours

which can be used in definitely defining 8 tramsition.

By this time the hot-wire spperatus had been restored to
working order but as the time was growing short, 1t was decided
for the present not to compleie the turbulence contourse Howye
ever, if we exsmine the contours already completed we see that
1t would be a comraretively easy matter to locate the maximum
rointse The operating technique wes as follows: From the tur-
bukence profiles already taken, the distsznce from the wall at
wnich the point of maximum turbulence wmould ogour could ve est-
imated. 7ith the hot-wire in this position,the speed was incresed,
both the x snd y-Reynolds Humbers proporf{iondtely corresponding
to & trsverse alomg a line through the origin of a disgram
similiar to rigs«10-13 « As the spped sss increased a méximum
velue of turbulence was obssrved. The wire wasthen movéd in

with wire in new positiocn

snd out until another maximum was observed, and /the first operation
was sgain repeated. This 1s 8 repidly oomvergent process, the

final maximum being usually 1o§ated at the end of the second trial.

*Tbid, vp. E78, Fig. 9.



The final results &re shown in Flg.27 « These curves were
obtzined Yy making turbulence rezdings st & series of velocities
with the hote-wire in the final position.
Before entering into & discussion of these results it is
the
perhaps best t0 see wnat/effect Of curvature might be expected
to be. In order to do this we g0 back to the equatioms of motiom
for curved potential flow. 2 é}
op - LY - PUASE
/T >
For our case the second term may be considered %o be zero,
2
. (7s
. gfzzf”‘/‘f (1)
n 442
which means that the centrifugal forcle;{.just balances the

radiel pressure gradient.

Since the vorticity is zero,égg(LL/I) The folloving
sketaoh shows this velocity distribution and the velocity dise
tributions on both sides of the sheet in the regiom of the

boundary layer.

WALL
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On the concave side of the shee’ %{M@‘Qﬂd on the convex side
é%%f24/l)>61 let us first comsider ™at haprens to a particle
on the concave side when it is disclsaced from its pathe If it
is displaced outwasrd (i.e. into boundary lgyer) it will have
a velacity A= %%fﬁowhioh is greater th;§7;t:fsurrounﬂings.
This means that the centrifugal fOrcqj%éézis greater on this
particle than on the surrounding psrticles, and nence the particle
is thromm farther outward, Similarly, .# the particle is dis-
placed inward. If a psrticle on the convex side of the shest
is displaced outward it has a lower velocity and consequently
lower centifugal force acting on it tham the swrrounding particle.
Thus it tends to g0 back to its riginal position. 4 similiar
thing would happen if 1% were displeced imward. Consequently
disturbences on the concave side of the sheet tend to be smpli-
fled and disturbances on the convex side tend to be damped out.
This leads us to the counclusion that the effect of curvature
will be to precipitate the transition =t an earlier point omn the
concave side and prolong it to 2 lster point on the convex side.
From Fig.27 we see that this is exactly what happens. For the
concave side of the sheet,the maximum point of the turbulence
curves 18 shifted to the left for inoreasing values of %, and
for the convex side the curves zre shifted to the right for
increasing values of %, The experimental points for s 2.25
and §~=1¢975 sre quite scattered and appear to lie on the sazme
curve. The sastter {s due to the low speeds at vhich it nec~

essary to run these test. At these spseds all frequencies are

corsespondingly lowew which results ln @ very unstsady reading

on the output meter. If it 12 vossible to get an even more
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highly damped meter more accurste results msy be obtained which
will ghov a separation of these curves. 4s was mentioned pre-
viously, the turbulence drops off rapidly after the transition
is reached on the concave side, but is maintained for some distance
on the convex side. Thus there is liable to be some ambiguity
in defining a transition. Two definitions have been taken, one
being the point where the maximum is first reached, and the other
where the turbulence is 95% of its meximum value. The first
is rather indefinite for points on the convex side,as here the
meximum is reached rather slowly. The secomd is more concise
as 1t comes st about the place where the curves start to level

off.

Using both definitions, critical Reynolds Numbers hzave
been plotted as a function of % in Fig.pg. In sbsence of amy
further information tvo stmaight lines have been faired through
the points. The two sets o points for tne two sides of the
sheet are surprisingly consistemt. It cen be seen from the curve
that the critical Reynolds Number for a straight sheet fturns
out to be svout 4 x 10%, This agrees with results obtained by
ven der Hegge Zijnen vut is lower than the values Obtained by
Iryden. Some of the possible csuses for disagreement with Dry-
den's work were discussed eazrlier in the paper. Then the straight
section of the present tunnsl ig instslled in the future, more

data #ill be available on this polat.
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CONCLUSION

Bo far the chief objeot of this work has been to build
the tunnel znd put it in proper working order. As yet no ex=-
tensive series of mezsurements have been undertsksn,the object
of the sunthorybeing to try to determine wshat methods of pro-
coedure lsad ;o the most rractical end consistent set of results.
As in all resesrch work, & frest many difficultlies were encoun-
tersd. ¥or tne most part these have been successfully overcome

and it is hoped that the work in the future will proceed with

& minimum of trouble aznd hard luek.
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Aprendix 1 Detailed Description of the Various Parts

of the Channel.

FAN (See photos 1,2)
The fan was designed with the aid of a report Wy

Kellar.* The outside dlameter was forty inches and the hud
dismeter was twenty~-four inches. It has eight wooden blades,
mounted =djustably in e steel hub and is driven by means of
two V-belis from & twelve zand one half horsepower direct cur-
rent motor which is located below the fan casing. The hub
fairing wae extonded out in front of the tunnel sbout 2 feet
t0 save meking an exyrensive hub fairing. 4 oounfer propellor
consisting of sight sheet metsal blada?)(not shown in the photo=-
graphs) wes placed in front of the rropellor, serves to eliminate
the rotary component of velocity induced by the propellor.
At a maximum of 1500 Re Pe Me, the fon was designed to give
& velocity of from 80 to 90 feet per second inm the working

section. Velocities as high as 83 feet persecond have been

obtained.

DIFFUSER (See photos 3,4)

The diffuser is 16} feet long and made of riveted
twenty gsuge galvenized iron sheets. It oonsists of an ex-
ternal truncated cone with & minimum diameter of 40 inches,
Sl o " Tine: aﬁy§i§ﬂ§§.5§1é§°§ °§ismeter of 24 inches. This
latter seyves as an extension for the huh.k This arrangement
wag chosen when it proved t0 be the cheapest of three different
Gesigns to consiruci. It has an expansion ratio of 25 to 1 .
*Kellar, ¢. ixislgebltse vom Standpunkt der “ragfliigeltheorie,

NMitteilung aus dem Imstitut fur Aerodynamik, Eidgenoaaiaoha
Technische Hochschule,Zurich.



Thus 84% of the dynemic head is converted into staztic pressure

before entering the bouw.

FRESSURE BOX

This bex was originszlly desigmed to be used on an
opan circuit, open Jet tumnel which has since been made into
& close circuit tunnel. The frame-work is made of 2" x 2"

consists of

angles and 1 beams. ‘he ocovering / sheets of ome ineh ply-
wood, bolted on,.and sesled witgafea& to prevent lesks. All
three of l1ts diminsioms are 7 feet. An extensive series of
tests was undertaken to make the turbulence level at the exit
of the box a2 minimums The final arrangement consists of two
screens t0 damp out the eddies of the propellor, and plywood
fairings across the corners near the exit (See Fig. 1 }.
Bne of the screens was made of twe lsyers of cheese cloth snd
one layer of asommon copper window screening; the other wag
made of five lsyers of cheese cloth. These geemed to give a
very uniform steady flow across the whole cross section of the
box. 'Qhe plywood fairings served to eliminate standing vortices

in the corners of the box.

JORKING SECTION {See photos 5,6)

The straight and curved working sections asre very
similar, a8 few modifications were mnecessary t0 accomodate the
curvature %0 the straight sectiom. The main part of both is
the central 20 gavge polished steel sheet which is clamped
between 2" x 3" sngles at the ends. These augles are bdolted
t0 the externzl frame-gork {(See phote 7 | in such a way as

to put up to 100 pounds per running inch temsion into the sheet
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in order to0 hold it in shape and keep it from vibrating. The
side walls were stiffened with verticel 1" x 1" angles connected
at the top and vottom to the 2" x 3" angles by means of threaded
3/8” studss The distsuce between the slde walls and the center
sheet was adjusted by means of the studs which moved the stiff-
ners in or oute The leading edge 0f the central sheet was

sharpened with a taper that extended back about en inch.

Measuring apparatus such as pitot tuves and hoi-wires
were admitted through holes in the outer walls and extended
agross to the central wall. These were mounted on a micro-

meter screw csrrisge om a separate stand (See photo & ).

EXIT DIFFUSER (See photo 9 }

The exit diffuser was simply added t0 reduce the exit
velocity of the air to a point where 1t would not create un=
desirable eddies in the surrounding room. It was made of 3/4"
rlywood mounted on & very simple frsme-work. The divergence
angle was 12%“. In order to overcome the pressure rise due
to this divergence, tw0 screens were placed in the diffuser.
These screens were adjusted until atmospheric pressure was
approximately obtained. fThe final adjustment was made by means

of shutters at the vpeunlug.
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Appendix I1+HOT-7IRE APFARATUS AND TECHNIQUE.

Hot-wire research lllustrates the tvpical difficulties
that are encountered in almost any kimd of research work.
‘hen one is first initiated into the nysterious order of the
gompengating resistance and time congtant one is deeply ime
pressed with the inconsistemcies of the whole rrocedure. TFor
exsample, hot~wir§§20mpenaated for frequency response to within
2 or 3%, and yet the frequenqy response of the amplifier is
not constant to within 507, as the gain falls off very rapidiy
at low frequencies. However, one soon learms to accept this
ag part of the by-lawe znd $0 g0 about one's duties without

heed or complaint.

ZREPARING THE HOT-7IRES

The hot-wires are made of .001 in.Wollaston wire
which is g .0001 in. platinum wire with & 0009 in, silver
covering. The wire was soldered %o the holder by means of
s0ft solder. In using plein nlatinum wire, trouble had been
experienced with poor conmnections when soft solder was used,
but the silver costing on the Wollaston wire gave s very good
vund. After the wire was suldered in plsce about a half or
three-gquarters of a mil’imeter of silver in the center was
otohed off by means Of & bubble of comcentrated nltric acid

formed at the end of a capillary tube.

In soldering the wires,a few valusble voints of techni-
gque vere discovered. 3est reshlts are obtained in both the
goldering and etchimg processes if the wire snd spindles are

kept as clesm as possible., It may take zs long as an hour
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for the acid %0 eat through a thin film of grease on the wire.
hile soldering, the spindles are sprung slightly apart so

when relegsed the wire will have a slight curvature which gives
it flexivilfty. ‘Pmediately after relessing the spindle the
wire bends sharply in the middle. This sharp bdend is removed

by letting the wire éarzy the entire weight of the spindles

and support on the end of & vencil. 7hen the wire has a very
gentle bow in it, the
spindles are gently heate
8d with a soldering irom

to relieve any residual
stresses in the wire, »hich
after etching are itransferred
t0 the etched portion,

\ causing 1t t0 take all

g kinds of queer shapes. I1f the

finished wire has the dhape

gshown in the following

[/
skejch, it will stand

& 1ot of comparatively hard usage.

— X

" L

OFPERATION OF THZ RIFLIFIZR(See pnoto 10)
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The smplifier is of standard design (for diagram of
the oircult see Fige 29 )¢ The four stages, wlith resistance
coupling between stages, gives & total gain of about 240,000,
The gain if maintained at & constant value by means 0f an
a}tenuater mnd a standsrd input voltage. Tue to insufficient
courling the amplifier falls offin galn very rapidly telow
100 cyoles per second, Above 10C cyoles, the increase in gain
with frequency vroved to De Just about suffieien: $0 cOmpensate
for the distorted frequency response of the very fine Vollaston
wire which normally reguires omly & very small amount of come
pensation. The smplifier nad originally been built with a
varjiable umit %0 compensate a plaila platinw:};;giuh seCaUSe
pf its lerger dismeter,needs & much higher degree of compensation.
For this reason a low enough value could not be obtained to
exactly compensate the Jollaston wire. For this reason, these
teste were run without any frequency compensation other tham

thet given sutometiocally by the amplifier.

NETHOD OF CALIBRATING HOT-VIRES
Two calibration sre necessary for & hot-wire; the

first is the calibration of the resistznoe agzinst the mean
velocity when the wire is used as an amemometer, the second

is the calibretion of the reading of the output meter of the
amplifier sgainsgt the fluctuating velocity at the wire when

it is used to measure the level of turbulence. The first cali
bration is comparsatively simple. The resgistence of the wire

18 measured by mesns of a TYheatstone bridge at a series of
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known velveities and & curve falred through the exrerimental

points. 4 typical curve is given in Fig. 30.

A special tunmel has been designed snd made by F. D
Knoblook 0f the Guggenheim Aermmsutics Laboratory for the
tarbulence calivrationss. In thisz tunnel, the hotewlire zmd holder
are vibrated by meamms of a taut three wire suspension. This
system is energized by a magnetic plek up and vecumm tube
gnplifiers The frequency is varied by tightening the suge
pension and measured by sm oscillograph and oscillator. The
anplitude of vibrstion is measured by mesns of a telescope

&nd cross-halirs mounted on s micrometer carrisge.

The usual procedure in csalidbrsting 8 wire was 30 set
the frequency &t s&y 140 cycles per second, the amrlitude
at sgy omm., and the static pressure {which has been calibrated
against & pitot tube) &t sgy 25cm. of alcohol. The output
meter is then read. Similar calibrations were usually meade

at a series of tumnel velocities.

This celibration really gives the output reading correspon-

ding to & caloulzdle level of {artificisl] turbulence whose
arplitude has the formAz% s/m,?#a?t where g is the double
emplitude and is the frequency. The calculation of the levsl
of turbulencs is as follows.
truw, = 4 2/00
where i{ s averazge vslue of the fluctuating

velocity,
Ubmoan velocity &t the wire.

e N T h
L3O f% < T L0 Dy COS T
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. U = f U 0()(' — Cd
w& o ”9_’_______.__.—‘- — ————-—’
£, 0
— ’—U: W Aa

.

ase U = ff%;,rjé’

where k is the comstant of calibration of static
prassure sgainst dynswic hesd = . 880.

= density of alcohol
s = static pressure of tunnel
f density of air.

«*s % gurbulence = 7% w Do X/E{)

Y.
which corresponds t%of I+ For amy other

meter reading I, the turbnlence level is:
hwrde = I 7w Do x /00

Lo 7 ; 2V
HU AT LCBS TUS FRESENCE EE VALL

/7

After resding a comment by Dryden*, who expressed
the belief that Sufficient knowledge was not available to
formulate a heat loss correction which mesnt anything, mo

such correction was spplied.

*Dryden,Ibids p.10.
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