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NATIONAL ADVISORY COMMITTEE FOR AEBRONAUTICS o

TECENICAL NOTE NO, 880

METHODS OF.MEASUREMENT OF HIGH AIR VELOCITIES
BY THE HOT~WIRE METHOD

By John R; Weske

; SUMMARY . . ' S

Results are presented of investigations conducted to
ascertaln the feasibility of measurements of high veloci-
tles including velocities in the lower sonic range by the
hot-wire method.

Investigations of strengths of hot wires at high ve-
locities were conducted with platinum, nickel, and tung-
sten at approximately 200° C hot-wire température. The
results appear to disqualify platinum for velocities ap- .
proaching the sonic range, whereas nickel withetands
sound ‘velocity and tungsten mesy be used at supersonic.ve-
locitles. This conclusion apvolies to standard atmospheric
conditions of the air.

For measurements at high velocities, hot wires must
be supported by rigid prongs to avoid breakage caused by
vibration of the prongs. Tungsten wire may be soldered
to the prongs with soft solder after a very thin film of
Platinum has been electrolytically applied. }

Measurements of heating current of the hot wire for
constant-temperature operation show agreement with King's
relation up to a velocity of 300 feet per second., Devia-—
tions from this relation were observed as sonic veloci-
tles were approached, presumably because of the effect of
impact temperatures. No numerical evaluation of this
aspect was undertaken, however.

Calibration curves-of measurements with a circuit
adjusted for linearity of reading with velocity and of
directional characteristics of hot wires adjusted for
linear reading are given., .
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INTRODUCTION ~

The résitlts which have been obtained to date of an
investigation undertaken at Case School of Applled
Science, under the auspices of the National Advisory
Committee for Aeronautics, for the purpose of investigat-
ing the possibilities and limitations of hot-wire measure-
ments at high velocities are given in the present reporit,
A preliminary report on this subject, which was submitted
on July 25, 1941, contained. g general survey of the field.
The investigatlon has been continued anpd certain tech~
niques discussed hereinafter have been developed which it
is hoped may render measurements by the hot-wire meihod
at high velocities practicadle,

Topics under consideration were ligted in the prelim-
inary report as follows: (a) measurement by the hot-wire
method of high-velocities up to and 'above the acoustilc
velocity; (b) effect of compressibility on-hot-wire meas-
urements; {(c) effect of -ambient temperasture as a factor
entering into the measurements; (d) hot-wire measurements.
in a flow in which fluctuations of velocity of high fre-

quency and large amplitude occur; and (e) hot-wire measure-

ments in flow in which changes of dlrection of high fre-—
quency occur,

. In the. present report are prasented the results of
experimental investigations of (a) the strength character-
istics of hot wires of various materials in an air stream

of high velocity; (b) the variation -of heating current with

velocity for constant-resistanca. operation of the hot wire;
and (c) directional characteristics of a hot wire in a
circuit- ad‘usted for linearity of readlng and wind veloo-
1ty‘ . [N - .

- TESTS 0OF HQT WIRES FOR -STRENGTH IN AN
' AIR STREAM OF HIGH VELOGITY
A cénsidérable nomber of factors enter into. the prodb-
lem of the strength of hot wires at hilgh veloclty; namely,

{(a) the hot-wire material, (b) diameter of the haot wire,
(¢) lLength of the hot wire, (d) diameter and length of

prongs, (e) method of attachment of hot wire to the prongs,

(f) rigidity of mounting of the prongs in the hot-wire
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holders, {(g) temperature of the hot wire, (h) tension of
the hot wire, (i) turbulence of the air stream, and (J)
duration of the test. In the development of a technique
of investigation it was found exceedingly difficult to
effect. a clear separation of the influence of the various
factors. For this reason an attempt has been made te ob-
tain, by the use of hot wires of various materials, diam~
eter, and length in combination with prongs and holders
of various designs, an answer concerning the practicabil-
ity of hot-wire measurements in a high-velocity air Jet
as far as strength properties of the wire and design of
the mounting are conocerned, o .

Bquation for Strength-Characteristics of Hot Wires

In order to establigh a general relationship for the
strength characteristic of ‘the hot wires, it is assumed
that breakage of the wire occurs as the aerodynamic drag
causes the tensile stress in the wire to exceed the safe
maximum limit for the metal. Let it be assumed further
that the ourves of the wireg under -16ad are similar, that
is, that the ratio of sag e to length: ! is constant.
The following relation may bes established by ths approxl—
mation of the -curve by a parabola: . . :

a
Cp pz ld f: =0 ﬂia
where -
d diameter of wire - -
) length oflwire - o S
s nmaximum sag of wire
Cp - drag coefficient " .
c tensile stress : o ‘ ek -
Hence -
oo Lo BT |1 L
Tom D2 {dls_ /
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The draglcoefficiént varies in the range of Reynolds

number (10 < R¢.< 10%) approximately -as Oy ='£g; % Bt
' 8

If this variatién of Cp with V. 4is neglected, .wires of

equal length-diameter ratio can sustain, for equal sag,
the same velocity pressure. . It is seen further that,
negleoting variations of Cp with velocity, the strength

of the hot wire id a function of the product of mase den-
sity of the air and velocity equared; that is, of the ve~-
locity precssure, and not simply of the velocity, or 1t
follows from the equation that other factors being equal,
the maximum safe velocity increases inversely as—the
square Toot of the mass density.

Apparatus

Wires.~ Platinum, nickel, and tungsten were used as

hot~wires.in the investigation. Data of strength char-
acteristics and electrical properties of these metals are
given in table I. &4 table similar to tabIe I for a large
number of metals is given in reference 1. Only very thin
wires from 3 to0 5 mils in diameter were tested because of
the limited capacity of the regulator tubes that supplled
the heating current. These sizes are either currently in
use or are believed tv be applicahle to high-velocity work,

Method of fastening hot wires to prongs.- The plati-
num and nickel wires were fastened to prongs by soft socl-
der, a method whichi was found satigfactory. A mechani-
cally and electrically satisfactory connection was pro-
duced in the tcase of tungsten wire by supporting prongs
made of sewing needles, the eyes of which were ground
open on one gide to form a hook. The tungeten wire was
then placed into this hook; the free end was wound around
the prong and passed through the hook & second time.
After the application of a drop of zinc chloride the wire
was lmbedded in soft solder which completely filled the
eye. The connections were tested by exposure to a high-
velocity air stream and accepted as satigfactory, as 1t
was found from the reading of the heating current before
and after this test that the electrical resistance of the
solder connection had not changed during the test. When
the tungsten wire was imbedded in solder without being
wound around the prong, it was observed that after expo~-
sure to the alr stream the wire had slackened; therefors,
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this way of fastening the wire was found unsatisfactory.
Prongs with hooks, as used for tungsten, produce a 1arger
platinum and nickel, This drawback is offset, however,
by the possibility of using longer w1res because of the
greater strength of tungsten. -

Experimentation with a small spot-welding apparatus
in which an attempt was masde %o weld tungsten wire %o’
nickel supports failed to produce positive results be-
caugse 0f the difficulty of controlling the intensity of
the current., It is understoed that satisfactory results
with the spot welding of small wires have been obtained
at LMAL.

Although satisfactory connection between tungsten
wire and the supporting prongs might be produced by the
needle method previously described, it was found in the
investigations of the directional Characteristics 2f such
wires that the increase in the diameter of the prongs re-
quired by this method is a source of harmful inte?ferehce
For this reason furtheér investigations of the soldering

" of tungsten were undertaken. There appeared to"be a pos-
‘sibillty that tungsten might be soldered if a thin coat

of another metal whioh soldered easily were slecdtrolyti-
¢cally deposited upon its surfaceiy The metal deposited

" would have to be corrosion proof mnd should exhibit char-

acteristics similar to those of tungsten in regard to its
temperature coefficient or resistance. Furthermore, 1%

'ghould be possible to deposit a very thin film in such a

way that the resistance characteristics of the tungsten
would not be greatly affected. The metal that best an-
swers these various requirements undoubtedly is platinum,.

A deposit of platinum upon thin tungsten filaments
was Obtained by exposing the wire for less than a minute
to the action of an electrolytic bath. This period of
time sufficed to produce a film of deposited platinum of
such strength that it could be seen with a microscope in
some places where a light metallic surface was produced
in place of the dark surface of the tungsten wire, Tung-
sten wires of two sizes, 0,00042 and 0,00034 inch in di-
ameter, were used for this test, With this coating of
platinum, tungsten wire could be soldered without diffi-
culty to steel suppoarting prongs, The soldering was done
with a special tin-base solder ocontaining 67 percent %in
and with Schwerter's Superior Seoldering Fluid (sold by
Hammel, Riglander & Co,, Inc., 209 W, 14th St., N.¥,0C,).
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The goldered Jjoints thus produced are considered both
electricrally and mechanically equivalent to those 0b-
tained with platinum and nickel wire, Inagnuch as only
short pieces of plat;num~plated tungsten wire were avai .-
able, accurate comparative measurements of resistance
could not be made; the film of platinum appears, however,
not to alter appreciably the resistance of the tungsten
wire.

Nozzles.= The hot wires were tested by placing them
normal to a jet of air discharging from a De Laval nozzle.
A nozzle was firest used that was designed for the expan-
sion of air from a gage pressure of 90 pounds.per sguare
inch to atmospherioc pressure. The results with this
nozzle, however, were most erratic, partly because the
atr carried small solid particles and partly because of
the high ratio of initisl to final pressure for -which 1%
wae designed. Because of this high ratic, the resulting
temperature drop caused’ the moisture in the air to acon-
dense and form a vieible fog and under certain conditions
evern minute ice particlee. .On the basis of this experi-
ence g eecond nozzle was designed for expsasnsion from a
gage pressure of--30 pounde per square inch .to atmospheric
“pressure. - Prevloue to expansion ipn this nozzle, the pres—
sure of the air was reduced from tank pressure by a throt-
‘t1ing process. No trouble from moisture was experienced
with this nozzle. Breakage from impingement of solid
particlee upon the wire was reduced by a large chamber
immediately ahead of the nozzle in which scraens were
placed to arrest these particles.

" The 'nozzle Wae callbrated by an impact tube ‘placed
close to the outlet of the nozzle from which a curve of
impact pressure against pressure difference across the
“hozzle was obtained Exploratory measurements of the
temperature of the air discharged from the nozzle were
made by a thermometer held in the air stream. These
measurements proved most unreliable and in suteequent
work no attempt was made to determine the temperature in
a Jet of small diameter.

Tesgts endIReeﬁite

The hot wire mounted on, a pair of prongs was placed
into” the circuit of a_ hot—wire ingtrument and a heating
current, by whieh the temperature .of the wire was ralsed
t6 a deeired value, was applied, The characterlstics of
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~the hot-wire instrument were such that thereafter the re-"
sistance and therefore also the temneraturo Gf the hot wire
were automatically kept constant at the value determined

by the initial setting, irrespective of the velsncity past
the wire., Constancy of the.resistance, and the temperature,
could be checked at any time.during the test by a galvanom-
eter. A further check through correlation of the measure-
ments of heating currents of various veloclties by means

of King's equation will be discussed later.

The tests ordinarily were of 2-minute duration and,
during this time, the préssure across the orifice was in—
creased stepwise up to the point at which breakage nccurred.
The duration of the test was limited by the capacity of the
pressure tank and of the compressor., If no breakage oc—
curred, the test was repeated when the tank pressure was
reestablished. The results are presented in table II.

Wmapmem——"

Platinum may be used for relatively lecw velscities \
only as shown in table II. Nickel is regarded as a mdre
satisfactory material because it exhidbits satisfactory \
strength characteristics which make possible its use for

velocities up to and including the velocity of sound. It
may readily be soldered to supporting prongs. The high
tensile strength of tungsten renders it desirable for
measurements at sonic velocities; it is satisfactory, how-
ever, only if a conngction to the prongs 1s achieved which
is both mechanically and. . electrically reliable, guch &s
has been.obtained .through ‘application of a thin electro—
lytically depoaited coat of platinum.

l|-m—-c-| [

For a hot wire of a given ma2terial and diameter the
maximum permissible velocity pressure is proportlonal to
the length-~diameter ratio, Satisfactory results were 0b-
tained with hot wires of length equal to 250 times the
diameter.: For this length the end effect due to thermal
conduction may be neglected (See reference 2.)

. Table II .shows that the rigidity of the prongs has a
pronounced effect upon decreasing the strength of the
wire. _This effect of the rigidity of the prongs was in-
vestigated as follows: Two three-prong holders were
tested, one.with slim prongs 0.018 inch in diameter and
the other with stiff prongs O. 032 inch in diameter. These
prongs were spaced %0 permit the mountlng of two wires,
one twice as long as the other, which were connected in
series. They were then placed into the air stream and .
expoaed to a gradually increasing velocity until the cur-
rent was interrupted. Inspection of the wires following
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the- ' Interruption of ‘the circuit showéd that in tHe major—
ity of cases for the holder with slim prongs both wires
were broken, whereas only the lornger one ¥was destroyéd in
the case of the stiff prongs.  ‘Simultanéous breakdge of
both wires was attributed to vibration of the prongs. As
seen from table II, these vibratlons oceur at a decreas-—
ing velocity pressure as the Pprongsé extend across the dir
stream and at an increasing velocify Ppressure ag the
prongs are placed parallel to the air stream. It is
concluded, therefore, that pronge should be as strong as

-permissible without causing 'undue aero&ynamic interference.

The most satlsfactory performance was obtelned when the
pointed ends of No. 4 darning needles were used to support
the wire. ) * :

On the basis of the observations of strenmgth and
rigidity of prongs, two holders were develepéd, one with
prongs for attaching nickel wire, the other for unplated
tungsten wiré; These holders are shown in filgure 1,

&OT—WIRE MEASUREMENTS AT HIGH VELOCITIES

Conetent-Resistance Oneratron of the Hot Wire

The hot-wire messurements of high velocities taken
for-the exXperimental investigation were obtained under -
particular-c¢onditions of -operation, - amely, for constant-
resistance operation of the hot wire. 8ince the -résist-
ance is a function of only temperature, constant-resiet~
ance operation is- ‘at the same time ‘constant~temperature
operstidn, ‘PThis meéthod is beliéved to cffer ‘a number of
advantages.” - " conmtT T e o St

-If donsiderations '0f méasuréménts - 6f "high-Frequency
fluctuation are - disregarded; théss ddvantages adret 'rela-
tively small variations with change of wind velocity of
the physrcal quantltles affécting hot wire meaeuremente
such as specific ‘heat, conducﬁiv1ty, and Lass ‘density in
the fild of ‘air surroundlng the’ wire._ Furthermore,'
oonstant Fégigtance’ operatlon lea@s to a larger varla—
tion of the’ measured electrlcal quantlty, in this case
the heatlng ‘current, witk velociiy than would be obtain-
able with constant- current operation. Thls ircreased
variation in gurrent with velocity should render the
measurements more- accurate.' It appeare reasonable that,
with conetant temperature operation, measurements could
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be obbtained at a relatively low hot-wire temperature, a
condition which naturally is desirable when high strength
of the wire is required. In pragctical operation consbtant-
temperature operation was found to reduce the danger of
accidentally burning out the hot wire.

Oonstant-resistance operation of the hot wire was
effected through the circuit shown in figure 2, The par-
ticular circuit shown has the advantage of requiring a
minimum number of batteries, Because the measurement of
only mean velogitieg 1s considefed in the presént lnves-—
tigation, the alternating-current impulses were short-
circuited by condensers, which were connected in the oir-
cuit but are not shown in figure 2. This measure consid-
erably simplified the adjustment of the circuilt.

Applicability of King's Equation o

A relation between the heating current required for
a hot wire and the wind velocity and certsain other quan-
tities entering into measurement by the hot-wire method
has been derived by King in reference 3 from the condi-
tion that the heat supplied to the wire must equal the
heat dissipated by the air stream. Thig equation may be
stated {reference 4) as follows: '

2o e VA O\
13R=4.2K(T-—T0)<l +/lL°J';__>

K
where
i heating current, amperes
R resistance of the wire, ohms
T  temperature of the hot wire; °c

T, temperature of the amblent air, °¢

K thermal conductivity, calories per centimeter per
%C per second : ' :

P mass density of air, grams per cubic centimeter

cp specific heat at constant pressure, calories per
gram per %¢ :
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v veloclty of air, centimetere per second
"4 . diameter of the wire, centimeters

For air, Marks Handbook in reference 5 gives the following
equation for R ‘in Btu per foot per °F per hour:

S T 717 "
X-= 0,0129 ]( )
12 [To + 225 J\492

where T, is the absolute temperdture of the air in_oF.
The. equation .is valid from -312° ¥ to +212° F and may be
‘convertgd into . -egs unite by dividing the value of X
in englneering units by 241.9. '

The first quantity on the right-hand silde of King's
equation represents-the heat diesipated by conduction and
induced convection and the second quantity the heat die-
sipated by forced convection. Radiagtion ldsses .are dls-
regarded. - The equation is- appllcable only above a cer-—
tain low: iimit of veldcity past’ the wire, whlch,-for
standard -atmosphéric c¢onditiohs,. ie defined by a_ value of
Reynolds number., based upon wire daameter of D 108 A
for velocitzes below this 1imit which however hés Hc
31gnificance for the field of applicatlon under discus-
sion, - . - . :

For zero wind vercit& the egquation reduces to
2
1o R = 4,2K(T - 7,) L (2

where 1, 1s the heating current at seroc wind veloclty.

The following conditions must be considered when equation
(2) is used for numerical calculations. The value of the
thermal conductivity tc be used in thé eguation 1g that—
of the film of air surrounding the wire, which 1s a func-~
tion of the fllm temperature, The effective value of the
film temperature -igs mot known, It has been qugested
that the conductivity corresponding to the arithmetic
mean temperature of the wire and the amblent air tempera-
ture may be used.: ' :
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It shéuld bé noted, furthermore, that &t high veloc-
itieg the temperature rise due to compression resulting
from impact of the air upon the wire must be considered
and, if necessary, allowance for it must be made in the
choice of "Tq. "7 .l .- e .- e

Because of these uncertainties calculations of hot-
wire temperatures by eauation (2) can lead %o only approx-
imate values. ~ At velocity approaching the sonic range,
the impact temperature affects the heat’ dissipated from
the wire by conduction and induced convection given by
the first term on the right-hand side of eauation (1). The
effect of the impact temperature also enters the relation:
between wind velocity and heat current given by the second
term on the right-hand side of equation (1). It is seen
that the relation between heating current 1 and veloec-
ity V for a given current 1, is uniquely defined only

if the resistance is constant and if both the temperature
and the mass density of the air are constant. Fco this
reason velocity messurements by the hot-wire met:.d sre ™
conclusive only if variations of temperature and mass .
density remain within limits established by the stipu- ~ 7 -
lated .accuracy of the results. . ’

Experimental Check ; L
Measurements were made to obtain an experimental .
check of the conformity of the method of measurement )
chosen with King's equation at high velocities. The re-
sults are shown in figures 3 and 4., A numdber of test
runs were conducted with a nickel wire 00,0005 inch in
diameter and 1/8 inch long for various 'initial heating
currents i, and for velocities from O to approximately

300 feet per second. The measurements for two ruus ob-
tained in connection with the tests for the strengths of
the hot wires in the high-velocity jet are also ckown in
figure 4, Thé deviation from King!s relation of tkease
measurements 'is gttridbuted to variations of effeviive
impact temperature of the air with velocity. By =4ttompt
was made to -evaluate these .regults further becauss this .
temperature was not known., :
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DIRECTIONAL CHARACTERISTIGS IN A CGIRCUIT
ADJUSTED FOR LINEARITY

Hot~Wire Instrument wiith Linear Characteristic

It has been .shown, in the paragraph dealing with the
variation of heating current with wind velocity for
constant-resistancoe operation, that the relation between
heating current and wind velocity in which.the velocity
appears.in the fourth root according to King's equation
ls maintalned within the range of_velocitiee investigated.
It is seen that in accordance with the nature of the fourth-
root relation at high velocities, the accuracy of veloccltiy
determination -from the measured heating current becomes
very low, Leaving out of consideration for the moment
certain aspects pertaining to the measurement of fluctuat-
ing flow, this decrease in accuracy of reading made it de-
sirable to establish a linear relationship between the
reading of the hot-wire instrument and the velocity.

This relationship was established (reference 6) through
the installation of a2 nonlinear amplifier stage, the ex-
ponent of which could be adjusted 0 be inversely propor-
tional to the exponent relating heating current to wind
velocity. This amplifier stage, shown on the wiring

diagram (fig, 2), consists of T, and its immediate ex-

ternal circuit including battery B, and meter Mj. A

calibration curve of measurements obtained with the hot-
wire circuit includlng a linearizing stage is ehown in
figure 5,

"If the variation of heating current with wind velac-
ity is known, for instance, through a curve such asg 1s
shown in figure 5, it is possible to adjust the lineariz-
ing stage for the’ d931red exponent by a simple electrical
testing procedure which does not requlre the use of aero-
dynamic equipment - 3uch as an air siream. The procedure
is as follows:i "After the instrument is adjueted for &
given heating- current at:zero’ ~wind velocity 1,5 currents

are impressed upon the bridge of various strengths -. :
(1 - i,) and of voltage oppoéite t¢ that of the heating

current as indicated by the minus -sign. The cathode

bias of the linearizing stage is then adjusted to obtailn
readings that are proportional to the velocities corre-
sponding to the values of (i ~ i,) chosen, A satisfactory

N
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calibration curve can be obtained by this out-and-try
method using from four to six values of (i - i,) covering

the desired range of velocities. A check of this calibra- __

tion can be made at any time between tests by impressing
upon the bridge a negative heating current_ - (1 - ig

corresponding to the maximum veleclty and, if necessary,
ad justing the bridge balance and the amplifier.

Calibration of the Directional Characteristics
of a Hot Wire Adjusted for Linear -
Instrument Characteristic

Calibrations of the directional characteristics (ref-
erence 7) were undertaken for tweo hot wires, namely,
nickel wire 0.0005 inch ' in diameter and 1/8 inch long and
nickel wire of the same diameter and 7/32 inch long. The
short wire was tested in a stream of 3/4-inch diameter,
the long wire in a stresm of €-inch diameter, In both
curves the instrument operatirg on the basis of constant
resistante of the hot wire wsg adjusted for linearity be-
tween reading and wind velocity. Calibration curves for
linearity are given in figure 5 for the short wire and In

figure 6, for the long wire. Teet results showing the di-

rectional characteristics are given in figure 7 for_ the.
short and long wires. A gin curve is alsac plétted into

the graph for comparison, These curves indicate that with-
in the range of velocities from 50 feet per second $o 300
feet per second, the change of reading with angle is quite

pronounced, especially for angles of igpcidence of approxi-

mately 459 it is suggested, therefore, that these char-
acteristics might possibly form the bagis of directional
measurements by the use of two properly oriented wires
without manual adjustment in the determination of the
direction,

It will be seen that the directional characteristics
of the long wire show much less .spread of teest points with
veloclty for a given angle than the short wire, IT% was
found that the variations of readings may bs attridbuted
largely to the drifting of the talance 0f the hot-wire
instrument which, for the short wire is moré critical
than for the long wire. Other effects, such as inter-
ference with the flow past the hot wirz caused by the
prongs, 4did not show up clearly. Considerable trouble
Wwas caussd by the accumulation of lint on the wire, which
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produced fluctuatlons and faulty readings, In the second
test (fig. 7(bp)) greater care was taken than in the first
test to maintain balance .of the bridge and to keep the
wire free from dust,

CONCLUSIONS -

Tests of hot wires of .platinum, nickel, and tungsten
of various djameters and lengthe in combination with prongs
and holders of-various designs indicate ‘the followxng con~-
clusionsg?: :

1. . For. measurements at high velocities, hot wires
must be supported by rigld prongs: - to avoid breakage -
caused by vibration of the prongs. Experimentation with
various types of conneéction betweern hot wire and prongs
indicate that, in high-velocity work, a mechanically
satisfactory connection is ae difficult to obtain as a
connection.that has a.low electrical resistance which
remains constant during the life of the hot:wire. Satis-
factory results can be geoured with steel prongs, however,
by the use of. soft solder for platinum and nickel and dy
the use. of soft solder with tungsten ‘on which a thin film
of platinum has_ been electrolytically deposited,

: = Platlnum may be. used for only ‘low velocities,
nlckel may be used for velocitles up to and including the
velocity of sound, and tungsten may be used at supersonilo
velooities. S

. 3, The general relationshlp establisghed by Eingls-
equation for constant-resistance operation of the wire
and oonstant pressure and temperaturse of undisturbed flow
maey be assumed to hold for velocities up to 300 feet per
second, Deviations from Kingfs relation, which were ob-
served as s8o0nic veloolties were approached, were assumed
to result from impact temperatures. ‘

4. - Decrease in .accuracy .at high velocities result-
ing from the fourth-root relationship between heating cur-
rent and velocity in King's equation for constant resiest-
ance operation, made it desirable .to establish propor:
tionality between the reading of the hot wire instru.ent
and the velocity.

Aerodynamiocs Laboratary,
Case School of Applied Science,
Cleveland, Ohio, April 1942.
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-TABLE I
PHYSICAL PROPERTIES OF METALS USED FOR HOT WIRES

[Values teken from. reference 8]

Y Melting | Electrical Lemge?abure Tensile
cMetal T - coefficlent
point [resistivity of resistivity strength
(OQ)' | (microhm-cm) (otun-cm/°C) - (1v/sq in.)
Platinum| 1773.5.} - . 29.83 ®5.003 |- 53,000
Nickel | 1440 | Pr.e | C.00537 .|70,000 ta.85,000
Tungsten| 3382 5.5 Toour .| . 215,000
Zay 0% o, . %From 20° ¢ $0-100° G. -

Pag 20° 6. o Ygwom T 0°G to 100°0:
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TABLE II
RESULTS OF TEST OF EEATED HOT WIRES IN A HIGH-VELOCITY AIR JET
Pogitlon Aversge
Free of Heating prro:- Average veloolity
Rumber Diameter Length Diametor| length pron purrent mate velaclty | at instant
of of of of of wit at zerv | temper-| pressure |of bresaking|Remarks
tenta wire wire prongs | pronga respeot alr ature | wt lnstant {at atandard
to alr fvaloc:lty of wire|of breaking air
stream . o conditiona
(mils)| (microns)| (in.)| (om) | (in.) [ (in.) (ma) (“0) [{1b/eq in.) (£ps)
Platinum
Jé- 0.318 3.8 850
a8 0.2 5.1 1 . 30 199
16 169 7.5 880
g 2 318 0.038 - 1 6.6 836
8 ‘ . -g. Parallel )
1% 150 : 8.5 930 —
3 2 7.8 1 L 44 195
& | 5.4 760 (1)
Y .018 ‘ 760
ks . 358 | 5. (1)
Nickel
1 0.318 l [ 11.5 1086
3 Parallel
4 0.5 13,7 <"1g 15 0.033 T » 78 193 W >80 =>1400 .. (3)
.159
1 Perpendicular >30 >1400 - | (3,3)
- J -
‘Tungsten
8 ' 7 Parallel ) 1 [ >20 >1400 (a) -
0.34 8.8 : 80 141 1
3 3 3 Perpendioular : 1] =>1400 (4)
. ig | 0-476] 0.038 T p
1l Parallel =20 1600 {3)
A2 10,7 J 66 180.
1 Perpendioular . >30 - .| >1400 (3)

lButh wirea tested slmultaneously on s three-prong holder, Both wires broke sim:lts:neoualy, pream‘bly dus to

a vibration of pronga.
7 No breakagee obsarved.
Prolonged fest,

4 booasional breakages, presumably due to vibration of prongs.

-

088 °"ON 230§ Tw¥OTUORL YOYR

4T
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Figure l.- Hot-wire holders for nickle
and tungsten wire.
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Figure 3.- Heating current of a hot wire at constant-resistance operation.
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Figure 4.~ Heating current for constant-resistance operation plotted for check of conform-
ity with Xing's relation.
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Figure 6.~ Oalibration ourve for linear reading with a wire 0.0005 inch
in diameter and 7/33 inch long.
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Figure 5,- Calibration curve of the cir-
cuit adjusted to linear
characteristic.
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Figure 7.- Directlional characteristics for constant-resistance operation and adjustment to linearity
of reading. Nickel wire, 0.0005 inch in diameter.
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