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By John R, Weske
SUMMARY

Results are presented of investigations conducted to
ascertain the feasibility of measurements of high veloci-
ties including velocities in the lower sonic range by the

. hot-wire method..

MInvéstigatibns¢of-strengths of hot wires at high ve-

.locities -were conducted with platinum, nickel, and tung-

sten at approximately.200°.C hot-wire temperature., The
results appear:to disgualify platinum for velocities ap-
proaching the sonic range, whereas nickel withstands

- sound velocity and tungsten mav. be used at supersonic ve-
locities. " This conclusion apvlies to 'standard atmospheric

gonditiong 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 yvery ‘thin film .of
Platinum has been electrolytically applied; A2

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 rélation were observed as sonic veloci-
ties 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 velioci by -mndiEof
directional characteristics of hot wires ad justed for
linear reading are given,



2 : NACA Technical YNote No. 880
INTRODUCTION . . °

The results which haveé been obtained to date of an
investigation undertaken at Case School of Applied
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 giwen in the present report,
A preliminary report on this subject, which was submitted
on July 25, 1941, contained.a general survey of the Fields
The investigation has been continued and certain tech-
niques discussed hereinafter have been developed which it
is hoped may render measurements by the hot=wire method
at high velocities practicable. L

Topics under consideration were Yisted in the prelim=
inary report as follows: (a) measurement by the hot-wire
method of high velocities up to and above the acoustic
velocity; (b) effect.of compressibility on hot-wire meas-
urements; (¢) effect of ambient temperature as-a factor
entering into the measuremerts; -(d) hot-wire measurements
in a flow in which flyctuations of veloeity-of high fre-
quency and large amplitude occur; -and - {(e) -hot-wire measure-
ments in flow -in which -changes -of ‘direetion-of high fre--
gquency occur, 1z - - :

In the present report are presented the results .of
experimental investigations of {a) the strength ‘character-
istics of ‘hot wires of various materials in an air stream
of high velocitys (b) the variation-of heating current with
velocity for constant-resistance operation of the hot wire;
and (¢) directional characteristics of a hot wire in a
circuit adjusted for linearity of reading and wind veloc-
lty. < s S .

- -PESTS OF HOT WIRES FOR STRENGTH IN- AN

AIT STREAM OF HIGH VELOGCITY

= 8

A considerable number of factors enter into the prob-
lem of the strength of hot wires at high velocity; namely,
(a) the hot-wire material, (b) diameter of the hot wire,
(¢) length 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) tengion 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 @ifficudd Lo
effect a clear separation of the influence of the various
factors. For this reason an attempt has been made to 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 preaperties of the wire and desigh 0F
the mounting are concerned,

Equation for Strength Characteristics of Hot Wires

In order to establish 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 curves of the wires wunder load are sinilariqibhad
1s, that the ratio of sag s to length 1| 'is constant,
The following relation may be established by the approxi-
mation of the curve by a parabols:

°D pz ldi_ ni
where
d diameter of wire
13 length of wire
3 maximum sag of wire

Op drag coefficient
g tensile stress

Hence
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The drag coefficient varies in the range of Reynolds

number (10 < R, < 10°?) approximately as CD'=“9393%%51.

Vv —
: : s
If this variation of Op with V is neglected, wires of
equal length-diameter ratio can sustain, for equal sag,
the same velocity pressure. Tt is seen Turbher that,
neglecting variations of Cp with velocity, the strength

of the hot wire is a function of the product of mass den-
sity of the air and velocity squared,; that, des: of bhel wWes
locity pressure, and not simply of the velocity, or it
follows from the equation that other factors being equal,
the maximum safe velocity increases inversely as the
square root 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 tadble I, A table similar to table I for a large
number of metals is given in reference 1. Only very thin
wires from 2 to 5 mils in diameter were tested because of
the limited capacity of the regulator tubes that supplied
the heating current. These sizes are either currently in
use or are believed to be applicable to high-velocity wor

Method of fastening hot wires to prongs.- The plati-

num and nickel wires were fastened to prongs by gof b tsiol=
der, a method which was found satisfactory. A mechani-
cally and electrically satisfactory connection was pro-
duced in the case of tungsten wire by supporting prongs
made of sewing needles, the eyes of which were ground
open on one side to form a hook. The tungsten wire was
then placed into this hook; the free end was wound around
the prong and passed through the hook a second time.
After the application of a drop of zinc chloride the wire
was imbedded in soft solder which completely filled the
eye. The connections were tested by exposure to a high-
velocity air stream and accepted as satisfactory, as it
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 teing
wound around the prong, it was observed that after expo-
sure to the air stream the wire had slackened; therefore,

k.
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this way of fastening the wire was found unsatisfactory,
Prongs with hooks, as used for tungsten, produce a larger
aerodynamic interference than the pointed prongs used for
pliabinum and nickel, This drawback is offset, howewewn,
by the possibility of using longer wires because of the
greater strength of tungsten.

Experimentation with a small spot-welding apparatus
in which an attempt was made to weld tungsten wire to
nickel supports failed to produce positive results be-
cause of the difficulty of controlling the intensity of
the current. It is understood that satisfactory resulbs
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
inwmestigations of the directional characteristies of such
wires that the increase in the diameter of the prongs re-
quired by this method is a source of harmful interference.
For this reason further investigations of the soldering
of tungsten were undertaken. There appeared to be a pos-
sibility that tungsten might be soldered if a thin coat
of another metal which soldered easily were electrolyti-
cally deposited upon its surface. The metal deposited
would have to be corrosion proof and should exhibit char-
acteristics similar to those of tungsten in regard to its
temperature coefficient er resistance, Furthermore, it
should 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
te the action of an electrolytic bath. This peried of
time sufficed to produce a film of deposited platinum of
such strength that it could be seen with a miecroscope in
some places where a light metallic surface was produced
1m plaece of the dark surface of tThe tungsbten Wire. Tung-
sihen Wiscs of two sizes, 0,00042 and 0,00054 ineh in dd-~
amebter, were used for this test, With this coating of
platinum, tungsten wire could be soldered without diffi-
culty to steel suppsrting prongs, The soldering was done
with a special tin-~base solder containing 67 percent tin
and with Schwerter's Superior Soldering Fluid (sold by
Hanmel, Rielender & Co,, Inec,, 209 ¥, 14th §%., H.100.).
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The soldered joints thus produced are considered both
electrically and mechanically equivalent to those ob -
tained with platinum and nickel wire. Inasmuch as only
short pieces of platinum-plated tungsten wire were avail-
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. : g

Nozzles.- The hot wires were tested by placing them
normal to a jet of air discharging from a De Laval nozzle,
A nozzle was first used that was designed for the expan-
sion of air from a gage pressure of 90 pounds per square
inch to atmospheric pressure. The results with this
nozzle, however, were most erratic, partly because the
air carried small solid particles and partly because of
the high ratio of initial to final pressure for which it
was designed., Because of this high ratio, the resulting
temperature drop caused the moisture in theiair to con=
dense and form a visible fog and under certain conditions
even minute ice particies. On the basis of this experi-
ence a second nozzle was designed for expansion from a
gage pressure of 30 pounds per square inch to atmospheric
pressure. Previous to expansion in this nozzle, the pres-
sure of the air was reduced from tank pressure by a throt-
tling process., No trouble from moisture was experienced
with this nozzle. Breakage from impingement of solid
particles upon the wire was reduced by a large chamber
immediately ahead of the nozzle 'in which screens were
placed to arrest these partieltes.

The nozzle was calibrated by an impact tube placed
close to the outlet of the nozzle from which a curve of
impact pressure against pressure difference across the
_nozzle was obtained. ZExploratory 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 sutsequent
work no attempt was made to determine the temperature in
a jet of small diameter.

_Tests and Results

i The hot wire mounted on a_paif of prongs was placed
into the circuit of a hot-wire instrument and a heating
current, by.which the temperature of the wire was raised
to & desired value, was applied,” The characteristics of
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the hot-wire instrument were such that thereafter the re-
sistance and therefore also the temperature of the hot wire
were automatically kept constant at the value determined

by the initial setting, irrespective of the wvelocity 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 velocities by means

of King's equation will be discussed later.

: Thé.tests ordinarily were of 2-minute duration and,
during this time, the pressure across the orifice was ‘in-

:creased stepwise up to the point at which breakage mccurred.

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.

Platinum may be used for relatively low velsacities
only as shown in table II. Nickel is regarded as a more
satisfactory material because it exhibits 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 connection to the prongs is achieved which
is both mechanically and electrically reliable, such as
has been obtained through. application of a thin electro-
lytically deposited coat of platinum.

dHoP o hobt, wire: of a given material and diameter the
maximum permissible velocity pressure is proportional to
the length-diameter ratio. Satisfactory results were ob-
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 Bl

Table II shows that the rigidity of the prongs has a
pronounced effeet 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 0,032 inch in diameter. These
prongs were gspaced to permit the mounting of two wires,
one twice as, long as the other, which were connected in
series. They were then placed into the air stream and
exposed to a gradually increasing veloecity until the cur-
rent was interrupted. Inspection of the wires following
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the interruption of the circuit showed that in the major-
ity of cases for the holder with slim prongs both wires
were broken, whereas only the longer one was destroyed in
tih'e ‘eaisie” of" thel stiff prongss, Simultaneous breakage of
both wires was attributed to vibration of the prongs. A4s
seen from table II, these vibrations occur at a decreas-
ing velocity pressure as the prongs extend across the air
stream and at an increasing velocity pressure as the
prongs are placed parallel to the air stream. It is
concluded, therefore, that prongs should be as strong as
permissible without causing undue aerodynamic interference.
The most satisfactory performance was obtained when the
pointed ends of No. 4 darning needles were used to gsupport
the wirei™ '

On the basis of the observations of strength and
rigidity of prongs, two holders were develcped, one with
prongs for attaching nickel wire, the other for unplated
tungsten wire. These holders are shown in figure 1.

HOT-WIRE MEASUREMENTS AT HIGH VELOCITIES

Constant-Resistance'Operation'of'the Hot Wire

The hot-wire measurements of high velocities taken
for the experimental investigation were obtained under
particular conditions of operation, nanely,_for constant~-
resistance operation of the hot wire, Since the resist-
ance is a function of only temperature, congtant-resist-
ance operatlon g at the same time constant-temperature.
operation, Thls method 1s belleved o offer a number of
advantages.

If considerations of measurements' of high—freQuency
fluctuation are disregarded, these advantages are: rela-
tively small variations with change of wind velocity of
the phys1cal quantities affectlng hot = w1re measurements
such as spec1flc heat conduct1v1ty, ~and ma s density 1n
the £i1h of alx" surro;ndlrg the wire. Furthermore
constant-resistance operatlon leads to a 1arger VaRIa
tion of the meazured electrical quantlty,. this case
the heating current, w1th veldcity than would be obtain-
able with constant current operation, “Thi's 1ncreaqed
variation in current w1th veloc1ty should render the
measurements more accurate. It appears. reasonable that,
with eonstant temperature operatlon, measurerents coulid.
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be obtained at a relatively low hot-wire temperature, a
condition which naturally is desirable when high strength

of the wire is required, In practical operation constant-

temperature operation was found to reduce the danger of
eeigidentally burning out: the hot wire.

Constant-resistance operation of the hot wire was
effected through the circuit shown in figure 2,7 The par-
ticular circuit shown has the advantage of requiring a
ninimum number of batteries, Because the measurement of
only mean velocities is considered in the present inves-
tigation, the alternating-current impulses were short-
circuited by condensers, which were connected in the cir-
cuit but are not shown in figure 2., This measure consid-
erably simplified the adjustment of the circuit,

Applicability of King's Eguation

A relation between the heating current required. for
a hot wire and the wind welocity and certain other guan-
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, This eaquation may be
stated (reference 4) as follows: :

s +/2wp cp Vd>
\ X

R e 4l - 1)

where

¥ heating current, amperes

R resistance of the wire, ohms

- temperature of the hot wire, ©°C

Ty, temperature of the ambient air, %

X thermal conductivity, calories per centimeter per
°C per second

P mass density of air, gréms per cubic centiimeter

c gpecific heat at constant pressure, calories per

gram per Y8
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V. wvelocity of air, centimeters per second

‘5@ 4 rcdfameber of |the wire, centimeters

For air, Marks Handbook in reference 5 gives the following
gguabion for B | 1n Btu pet foot per OF pér hour:

. 3/2
: A TO
S =0, Q1Y —
iy : il HeE2eh 492

where T, 1is the absolute temperature of the air in G
Phe equation is valid from ~312° F to +212° F and may be
converted into cgs wunits by dividing the value of X
in engineering units by 241.9. ¢

The first guantity on the right-hand side of King'ls
equation represents the heat dissipated by conduction and
induced convection and the second quantity the heat dis=
sipated by forced convection. Radiation losses are s =
regarded., The equation is appllcable only apOvie & Lol
taim | L omw 3 lamist of velocitv past the wire which, for
standard atmospheric, ‘conditions, is defined by a value of
Reynolds number, based upon wire dlameter,_of 108, . A
relation correqnondlng ‘to eguation (1) has been derlved
for velocities below this limit which, however, ‘has no

significance for the fleld of aplecatlon under discus-
siiions : e 0 %

For zefo wihd velecity the sguation reduces t9
2
§ Ml D BEAE il dwie - guin napt S (2)

where 1, 1s the heating’cﬁrrenﬁ'at zero wind velocity.

The following conditions must be considered when equatien
(2) is used for numerical calculations. The value of the
thermal conductivity to be used in the equation . 13 that .
of the film of air surrounding the wire, which is a fupc—
tion of the film temperature, The effeqtlve value of the
film temperature 'is not known, ‘It’ haq'been”suggeéted
that the conductivity corresponding to ‘the arithmetic
mean temperature of the wire and the amblent ader temnera~
ture may be wgeéd. ' : : ' :
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It should be néted, furthermore, that at high veloc-
ities 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 -0f Tgs - o i -

Because of these uncertainties calculations of hot-
wire temperatures by equation (2) can lead to only approx-
imate values, At velocity approaching the sonic ranciels
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 equation (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 veloc-
Ity W “for & given current io 1is uniguely defined only

if the resistance is constant and if both the temperature
and the mass density of the air are constant. For this
reason velocity measurements by the hot~wire metr.d are
conclusive only if variations of temperature and mass
density remain within limits established by the siipu-
lated accuracy of the results.

Experimental Check

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 number of test
runs were conducted with a nickel wire 0,0005 inch in
diameter and 1/8 inch Longs for variowsuinitiel, Heatins
currents i, and for velocities from 0.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 cLown in
figure 4. The deviation from King's relation of these
measurements is attributed to variations of effective
lmpact temperature. of the air with velocity. Wo ssteumpt
was made to evaluate. these results further because wvhis
temperature was not known.
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DIRECTIONAL CHARACTERISTIOCS IN A GIRCUIT
ADJUSTED FOR. LINEARITY

Hot-Wire Instrument with Linear Characﬁeristic

It has been shown, in the paragraph dealing with the
variation of heating current with wind velocity for
constant-resistance operation, that the relation between
heating current and wind velocity in which the velocity
appears in the fourth root according to King's eguation
is maintained within the range of velocities investigated.
It is seen that in accordance with the nature of the fourth-
root relation at high velocities, the accuracy of velocity
determination from the measured heating current becomes
very low, Leaving out of consideration for the moment
certain aspects pertaining to the measurement of fluectuatb-
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 a nonlinear amplifier stage, the ex-
ponent of which could be ad justed to be inversely propor-
tional to the exponent relating heating current to wind
velocity. This amplifier stage, shown on the wiring

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

ternal circuit including battery B, and meter ME A

calibration curve of measurements obtained with the hot-
wire circuit including a linearizing stage 1is shown in
figure 5.

If the variation of heating current with wind veloe-
ity is known, for instance, through a curve such as 1is
shown in figure 5, it is possible to adjust the lineariz-
ing stage for the desired exponent by a simple electrical
testing procedure which does not require the use of aero-
dynamic equipment, such as an air stream,. The procedure
is as follows: After the instrument is adjusted fioin-—a;
given heating current at zero wind wvelocity: 1o currents

are impressed upon the bridge of. various strengths -
(i -~ iy,) and of voltage opposite to that of the heating

current, as indicated by the minus sign. The cathode

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

-
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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 - (i = 10)

corresponding to the maximum velecity 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 directionsl characteristics (ref-
erence 7) were undertaken for two.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 strcam of 3/4-inch diameter,
the long wire in a stream of €-inch diameter, In both
curves the instrument operatirg on the basis of constant
resistance of the hot wire was 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. Test results showing the di-
rectionsl charagteristics are given in figure 7 for the

.short and long wires. A sin curve is also plotted into
.the graph for comparison, These curves indicate that with-

in the range of velocities from 50 feet per second to 300
feet per second, the change of reading with angle is quite
pronounced, especially for angles of incidence of approxi-
pately 459 it is suggested, therefore, that these char-
acterigtics might possibly form the bagis of directional
measurements by the use of two properly oriented wires
without manual adjustment in the determination of the

diil peletiiion ,

It will be seen that the directional characteristics
of the long wire show much less spread of test points with
veloecity for a given angle than the shoxt wives 1t was
found that the variatjons of readings may be attridbuted
largely to the drifting of the talance of the hot-wire
instrument which, for the short wire is more critical
than for the long wire, Other effects, such as inter-
ference with the flow past the hot wirs caused by the
prongs, 4id not show up clearly., Considerable t(*lble
was caused by the accumulation of lint on the wire, which
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produced fluctuations and faulty readings, - In the second
test (fig., 7(b)) 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 diameters and lengths in combination with prongs
and holders of various designs indicate the following con-
clusions: ‘ ‘ &

1., FYor measureménts at high velocities, hot wires
must be supported by rigid prongs to avoid breakage
caused by vibration of the prongs. gxperlmentatlon with
various types of connection between hot wire and prongs
indicate that, in high-velocity work, a mechanically
satisfactory connection is as 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 secured with steel prongs, however,
by the use of soft solder for platinum and nickel and by
the use of soft solder with tungsten. on which a thin film
of platinum has been electrolytically deposited.

2. Platinum may be used for only low velocities,
nickel may be used for velocities up t0 and including the
velocity of sound, and tungsten may be used at supersonic
velocities. ' :

By Phe generdl relationship establl shed by K1ng S
equation for constant-resistance operation of the wire
and constant pressure and temperature of undisturbed flow
may be assumed to hold for velocities up to 300 feet per
second., Deviations from King's relation, which were ob-
served as sonic velocities were approachod, were assumed
to result from impact temperatures.

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

Aerodynamics Laboratory,
Case School of Applied Science,
Cleveland, Ohio, April 1942.
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TABLE 1
PHYSICAL PROPERTIES OF METALS USED FOR HOT WIRES
'[Valties teken from reference &
- K . » | Temperature i
Metal Meli.-'lig‘ 'Jle.Cttl.'ic.il coefficient thez}T'%llteh‘
WS of raol gl vity PP
(°c)  |(nicrohm-cn) (ohm—cm,/oC:) = 3 (ib/_sq_ Yl
Pl 177505 | %9.83 %0.003 53,000
Nickel | 14140 s .8 ©.00537  |70,000 to 85,000
Tungsten| 3382 L -4 ooy, 215,000
Sy, 00 Gy . Corom 20°- ¢ to 100° C.
Spoom - 07 © ol 200% .

bat 20° ¢.




f
{ - . -
| : i
\ TABLE II
i RESULTS OF TEST OF HEATED HOT WIRES IN A HIGE-VELOCITY AIR JET
! % Position Average
i Free of Heating | Approx- Average velocity
Number Diameter Length Diameter| length prongs current | imate velocity at instant
‘ of of of of of with at zerv | temper-| pressure |of breaking|Remarks
tests wire wire prongs | prongs respect air ature | at instant [at standard
\ 2 to air velocity | of wire|of breaking air
| stream o conditions
(mils)| (microns)| (in.)| (em) | (in.) | (in.)| o -tme) |- 0) l(Injee In.) (fps)
|
‘ Platinum
\ 1 R bk :
?; 0.318 3.8 650
\ 3 0.2 5.1 1 30 199
‘ y 16 .159 2.5 860
1 ) 0.033
\ = .318 3 635 8235
8 E = Parallel
| &= | 159 8.5 920
\ 3 .3 7.6 13 44 195
| 35 .24 5.4 760 (1)
\ c .018 4 5
| |64 .358 | 5. 760 (1)
\ Nickel
J 2 + |0.318 11.5 1065
‘ 3 Parallel
4 0.5 187 1 0.032 % 73 192 =20 >1400 (2)
\ IE .159
| ]16 Perpendicular -~ 20 ~1400 (2,3)
\
‘ Tungsten
| 8 Parallel =20 >1400 \ (3)
; 0.34 8.6 50 141
3 3 3 Perpendicular 25 ~1400 (4)
15 | 0-475] 0.038 5
i Parallel =20 1600 ()
.42 107 65 160
1 Perpendicular =20 ~1400 ()

|

|

|

|

‘ 2No
} 4
|

|

|

1 Both wires tested simultaneously on a three-prong holder.
vibration of prongs.
breakages observed.
Prolonged test.

Occasional breakages, presumably due to vibration of prongs.

Both wires broke simultaneously, presumably due to
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Figure 1l.- Hot-wire holders for nickle
and tungsten wire.
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Figure 2.~ Hot-wire circuit.
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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 counstant-resistance operation plotted for check of conform-
ity with King's relation.

70, 100
o
60 / 80
/‘3
- Heating current
. )
- a8
~ 50 P 60 9
£ H
E Instrument reading ]
[
i 5
% 40 / 40 K
Bl @
@ / bt
m /
20
3
v~
>
Z
30, 0
0 100 300 300

Velocity, fpe

Figure 6.~ Calibration curve for linear reading with a wire 0.0005 inch
in diameter and 7/32 inch long.
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Figure 5.- Calibration curve of the cir-
cuit adjusted to linear
characteristic.
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Figure 7.- Directional characteristics for constant-resistance operation and adjustment to linearity

of reading. Nickel wire, 0.0005 inch in diameter,
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