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NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

TECHNICAL NOTE NO, 880

NETHODS OF MEASUREMERT OF HIGH AIR VELOCITIES
BY THE HOT-WIRE METHOD

By John R, Weske
SUMMARY

Results are presented of investigatione conducted to
agcortain the feasibility of memsurements of high velooi-

ties including velocities in the lower sonic rarge By the
‘hot~wire method,

Investigations of strengths of hot wires at high ve-~- Y
locities were oonducted with pvlatinum, nickel, and tung- ¥
sten at approvimately 200° C hot-wire temperature, The "
results appesar to disguslify rlatinum for velocities ap~ h
-proaching the sonic range, wherens nickel withstands g .
sound velocity and tungsten mear %e used at supersonic ve~ A !

locities, This conclusion apnulies to atandard atmospheric
oonditions of the air.

¥or measurements at high velecitie=, hot wires must
be gsupported by rigid pronges to avoid breakage caused by
vibration of the prongs. Tungsten wire may be aoldered
to the prongs with soft solder after s very thin film of
Platinum has been eleotrolytically apvlied,

Measurements of heating current of the hot wire for
eonstant~temperature operation ehow agreement with King's
relation up to a velocity of 30C feet per second. Devia-
tions from thie relation were observed ar sonic veloci-
ties were approached, preauradly becasuse of the effect of
impact temperatures. No nurericsl evaluation of thia
aspeot was undertaken, however.

s S R v e 5L

Calibration curves of measurements with a oircuit
adjueted for linearity of reading with velocity and of

directional characteristios of hot wires adjusted for
linear reading are given,
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INTRODUCTION

The resulte which have been obtained to date of an
investigation undertaken at Care School of Applied
Science, under the auspices of the National Advisory .
Comnittee for Aeronautics, for the purpose ¢f inveatigat-
ing the possibdilities and limitations of hot-wire memsure- i
mente a2t high velocities ars given in the prasent report, .
A preliminary report on this subject, which was =ubdbmittad
on July 25, 1941, contained a general survey of the field,
The invastigation has been continued and certain tech-
nigues discussed hereinafter have been develnped which it
is hoped may render mesasurements by the hot-wire method
at high velocities practicable, .

U Topics under congideration were listed in the rrelim- i
: ) inary report as follows: {a) measurrment by the hot-wire "

1 ; method of hirh velocities up to and above the acoustic ,
vaelogity; (b) effect of compressibility on hot-wire meas~-
urements; (c) effect of ambient temperature as a factor

\ entering into the measurements; (d) hot-wire measurements
in a flow in which fluctuations of velocity of high fre-

quenocy and largze amplitude occur; and {e) hot-wire maasure-

ments in flow in vwhich changes of directlion of high fre-

quency occur, . .

In the present report are presented the results of
experimental investigations of {a) thr strength character- .
istics of hot wircs of various materials in an air streag H
of high velocity; (b) the variantion of heating current with
velocity for constant-re=iretance operation of the hot wire;
and (o) directional characteristice of a hot wira in a
gircuit ad;usted for linearity of reading and wind veloc-
ity.

TESTS OF HOT WIAZS FOR STRENGTHA IN AN

AIS STREAM OF HIGH VELOCITY

A congidernble number of factors enter into the prod-
lem of the strength of hot wires at high velocity; namely,
{a) the hot-wire material, (b) dlameter of the hot wire,
{(c) length of the hot wire, (d) diameter and length of
?rongs. (e) method of attachment of hot wire to the prongs,

f) rigidity of mounting of the prongs in the hot-wvire




NACA Technical Note ¥No, 880 3

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 technioue
of investigation it was found exceedingly difficult to
effect a clenr separation of the influence of the various
factors. For thia reagon an attempt has been made to ob-
tain, by the usze of hot wires of variour materials, dism-
eter, and length in combination with prongs snd heolders
of varioug designs, an answer concerning the practicabil-
1ty of hot-wire mearurements in a high-velocity air Ject
as far as strength praperties of the wire =2nd design of
the mounting are concerned,

Equation for Strength Characteristics of Lot Wirer

In order to establigh a general relationship for the
strength charscteristic of the not wires, it ia asrumed
that breakare of the wire oocurs A= the aserodynamic drag
causes the tengile strcszs ir the wire to evceed the gafe
maximum limit for the netal, Lekt 4t be assumed further
that the curves of the wires -'nier load are similar, that
is, that the ratic of sag e to length | 18 constant.
The following rrlation mar be nrotablizhed by thr approxi-
mation of the curve dy a parabole:

v .
oy B 1q ko o T
2 4g 4

vhura_'

4 diameter of wire

i length of wire

[ ] maximum sag of wire

Op drag coefficirnt

(-] tonsile stress -

"Hence
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The drag coefficient varies in the range of Reynolds

number (10 < R, < 10%) aprroximately ae Cp = ggnn&?nl_
Y —
8
If this variation of Cp with V 13 neglected, wires of

equal length-~diazeter ratio can sustain, for egual sag,

" the same velocity rressure, It is sesn further that,

negleoting variations of Op with velocity, the atrength
of the hot wire 1s a function of the product of mass den-
sity of the air and velncity squared; that 1s, of the ve-
locity preaszure, and not simply of the velecity, or it
followas frow the equation that other factors being eqval,
the maxicurm safe velocity increases inversely as the
square root of the maas density.

Apparatus

Wires,- Flatinum, nickel, and tungsten were used as
hot wires in the investigation, Data of atrength char-
soteristics and electrical properties of these metals are
glven 1in tadle I. A tadle rimilar to table I for a large
number of metals is given in reference 1., Only very thin
wires from & to £ mile in dlaxeter 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 arvplicable to high-velocity work,

Method of fastening hot wires to orongs.~ The plati-

mum and nickel wires were fartened to nrongs by soft sol-

der, a method which was found satisfactory. A mechani-
¢ally and electrically satirsfactory connection was pro-
duced in tne cass of tungsten wire by guprorting prongs
made of sewing needles, the eyes of which were ground
open on one side to form a nhook, The tungsten wire was
then placed irto thisg Look; the free end was wound around
the prong and pasesed througch the hook n second time.
After the aryliention of a drop of zinec chloride the wire
wag imbeddsd in soft solder which cozpletely filled the
eye., The conrections were tested by exposure to a high-
velocity air stream and acceptsd as satisfactory, aas 1t
was found from the reading of the heating current bhefore
and after this test that the eleotrical resistance of the
solder connection had not changsd during the test, When
the tungsten wire was imbedded in solder without Yeing
wound around the prong, it waa obgerved that after expo~-
sure to the air stream the wire had slackened; therefore,
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this way of fastening the wire was found uneatiefactory.
. Prongs with hooks, as used for tungsten, produce a larger
’ aerodynamic interference than the pointed prongs used for
pPlatinum and nickel, This drawback is offgset, however,
by the possibility of using lorger wires becanse of the
. greater strength of tungsten.

Experimentation with a =mall spot-welding apparatus
in which an attempt was made to weld tungsten wire to
nickel supports failed to produce positive results dbe-
cauge of the difficulty of controlling the intensity of
the current. It is underf8tood that satisfactory resulte
with tne spot welding of emall wires have been obtained
at LMAL,

Although satisfactory cornnection between tungsten
wire and the supporting prongs might be produced dy the
needle method previoualy described, it was found in the
investigations of the directional characteristics of such
wires that the increace in the diameter of the prongs re-
quired by tnis 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- f
8ibility that tungsten might be soldered if a thin coat ‘
of another retal which soldered earily were electrolyti-
oally deposited upon its esurface. The metal deposited
would have to be corrosion proof and should exhibit char-
acteristics similar to those of tungeten in regard to its
temperature coefficient or resietance, Furthermore, it
should be possible to deposit a very thin filx in such a
way that the resistance characteristics of thc tungsten
would not be greatly affected, The metal that best an-
swers these various requirements undoubtedly is platinum.

P

A deposit of platinum upon thin tungsten filaments ]
was Obtained by exposing the wire for less than a minute N
to the action of an electrolytic bath. Thias period of '
time gufficed to produce a film of deposited platinum of
such etrength that it could be seen with a microecope in
gome places where a light metallio surface was produced
in place of the dark surface of the tungaten wire, Tung-
! eten wiree of two sizes, 0.00042 and 0,00034 inch in di-
B ameter, were ured for this test, With this coating of
- pPlatinum, tungsten wire could be soldered without diffi-
: culty to stecl supnvarting prongs. The soldering was done
with a special tin-hase solder containing 67 rereent tin
and with Schwerter's Superior Soldering Fluid (sold by
Hammpel, Riglander & Co.,, Inc,, 209 W. 14th St., N,Y,C,).

A . B s G - -
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The coldered joints thus produced are considered both
electrically and mechanically equivalent to those ob-

tained with platinum and nickel wire. Inasmuch as only R
short pleces of platinum~plated tungsten wire were aval’ -

able, accurats comparative measurements of resistance

could not be made; the film of platicum appears, however, .
not to alter appreciably the resistance of the tungsten
wire.

Nozzles.~ The Lot wires were tested by placing them

: normal to a jet of air discharging from a Le Laval nozzle.
! A nozrle was first used that was designed for the expan-
sion of air from a gage pressure of 90 pounds per square
! inch to0 atmospheric pregsurs. The results with this {

) nogzle, however, wsre most erratic, partly because ths
f : alr carried small eolid particles and partly because of

’ the high ratio of initial to final preasure for which it

vwas designed, Because of this high ratie, the rezulting
\ temperature drop cnaused the moisture in the air to con-
denss and form a visible fog and under certain conditlons

even minute ice particles., On the basie of this expsri-
ence a second nozzle was desirned for expansion from a
gage pressure of 30 pounds per sauare inch to atmospheric
pressure, Previous to expanslon in this nozzle, the pres-
eure of the nir was reduced from tank prsssure by a throt-
tling prrncess., No troudle from molsture was expsrienced .
with this nozzle, ZPreakage 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 particlea. |

© s e i e

The nozzle was calibrated by an impact tube placed
close tn the outlet of the nozzle from which a curve of
impact pressure agalnst pressure difference aoross the
nozzle was obtalined. ZExploratory measurements of the
temperature of the air discharged from the nozzle were
made by a thermoreter held in the air stream. These
measurements proved most unreliable and in subsequent
work no attempt war mads to determine the temperature in
a Jet of small élameter, .

e L
p—

_ Tests and Results

The hot wire mounted on a pair of prongs was rlaced
into the circuit of a hot-wire instrument and a heating
eurrent, by which the tempereture of the wire wae raised
to a desired vaelue, was applied. The tharacteristices of

T T T T T IR A W o e s
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the hot-~wire instrument were such that thereafter the re-
sistance and therefore also the temneraturr of the hot wire
were ‘automatically kept constant at thr value determined

by the initial retting, irrespective of the velnscity 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 heatirg currents of various velocities by means

of King'c eguation will be discussed later.

The tests ordinarily were of 2-minute duration and,
during thls time, the pressure acraogs the orifice was in-
ereéased ctepwise up to the point at which breakage accurred.
The duration of the test was limitel by the capaclty of the
pressure tank and of the compressor, If no breakage o0&~
curred, the test was repeated when the tank presaure wvas
reestablished. The results are pregsented in tadle II,

Platinum may be used for relatively lew velacities
only as snown in table II, Nickel ie regarded as a more
satigfactory materinl because 1t exhidbits satiefactory
satrength characterietices 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 strensth 0f tungsten renders it desiradle for
measurements at sonic veloclties; it is satisfactory, how-
ever, only i1f a connection to the prongs is achleved which
is both mechanically and electrically reliable, such as
hag been obtained through application of a thin electro-
lytically deposited coat of platinum.

For a hot wire of a given mnterlal and diameter the
maximum permissible velocity preseure is proportional to
the length-dlameter ratlo, Satisfactory results were ob-
tained with hot wireg of length equal to 250 times the
dlameter. For this length the end effect due to thermal
conduction may he neslected. (See reference 3,)

Table II shows that the rigidity of the prongs has a
pronounced effect upon decreasing the strength of the
wire, This effect of the rigldity of the prongs was in-
vestigated as followa: Two three-prong holders were
tested, one with 8lim pronges 0,018 inch in diameter and
the other with stiff pronges 0.032 inch in diameter., Theae
prongs werr gppaced to permit the mounting of two wires,
one twice ar long as the other, which were connected in
series. They were then placed into the alr atream and
expoeed to a gradually increasing velocity until the cur-
rent was interrupted, Inspection of the wires following

}
b i
A

st ol AN

Sonerli: M+ =

il
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the interruption of the circuit showed that in the major-
ity of cases for t:ne holder with slipm pronga both wirea
wers broken, whereras only the longer one vas destroyed in

§ the case .of the stiff prongs. Simultaneous breakage of .

§ both wires was attridbuted to vibration of the prongs. As

i gseen fron table II, these vihrations occur at a decreas- v
' ing velocity presrure 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 pronga should he aa strong as
permissible without causing undue aerodynamic interference.
The most satiefactory performnance whas obtmnined when the

! "pointed ends of No, 4 darning needles were used to support
the wire.

On the basis of the otservations of estrength and
' rigidity of prongs, two holders were develeped, one with i
prongs for attaching nickel wire, the other for unglated
tungsten wire. These holderes are shown in figure 1.

d0T-WIRE NEASUREHENTS AT HIGH VELOCITIES i

"..Conatant-Reasistance Oneratibn.of the Hot Wire

The hot-wire measarements of hirgh velocities taken .
for the expsrimental investigation were obtained under
particular conditions of operntion, namely, for constant-
resistance operation of the hot wire. 'Since the resist- .
ance is a function of only teryerature, constant-resiat-

‘afite operation is at the same time constant-temperature
operation, This method is believed to offer a number of
advantages. . . .

If congiderations of measurements of high-frequency
fluctuatior are disregarded, .these sdvantages nre:- rela-
tively small variations with change of wind velecity of
! the physical oumntities affecting hot-wire messurements
such as specific heat, conductivity, and macss density in
the film of air surrounding the wire. TFurthermore,
constant-resistance operation. leades. to a larger varia- k
tion' of the measured electrical nuantity, in this case '
the heating current, with velocity than would be obtein-
able with constant-current overation. This increased
variation in current with velocity sheuld rander the
measurements more accurate. It arpears reanonable that,
with constant-temperature operation, measurements could

o, -
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be obtained at a relatively low hot-wire temperature, a
condition whieh naturally 1s desirable when high strength
of the wire is reouired., In practical operation sonstant-
temperature operation wars found to reduce the danger of
agcidentally burning out the hot wire.

Constant-resistance operation of the hot wire wae
effected through the eircuit shown in figure 2. The par-
ticular circuit shown has the advantage of reguiring a
minimum number of batteries, Becaure the measurement of
only mean velocities is congidered in the present inves-
tigation, the alternating-current impulses were short-
circulted 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 circuilt,

Applicability of King's Eouation

A relation between the heating current reguired for
a bhot wire and the wind velocity and certain other gquan-
tities entering into reasurement by the hot-wire method
has been -derived by King in referenoe 3 from the condi-
tion that the heat supplierd to the wire must eaual the
heat dlesipated by the air stream., This eouation may de

stated (reference 4) as follows:

1 R = 4,2k (7 - T,) (1 +/i'.’p_;P_E)

where
heating current, amperes
reeistance of the wire, nhms
temperature of the hot wire, °C
temperature of the ambient air, %

thermal conductivity, calories per centimeter per
°C per second

mage density of air, grams per cubic centimeter

specific heat at constnnt pressure, oalorier per
gram par o6
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v velocity of air, centimeters per second
d dinmeter of the wire, centimeters

For air, Marks Eandbook in reference § givea the following
equaticn fer R in Btu per foot per °F per hour:

. ; Wa
c - i [ ] ()
R & Y k]

where T, is the absolute temperature bf the air in °F,
The equation is valld from =312° F to +212° F and may_ be
converted into cegs unite by dividing the value of " K
in engineering units by 241, 8

The firet gquantity on the right-hand side of King's
equation repreeents the heat diesipated by conduction and
induced convection and the second ouantity the heat dle-
sipated by farced convection., Radiation loseee are dis-
regarded, The eguation is applicable only above a cer-
tain low 1limit of velocity past the wire which, for
standard atmospheric conditions, is defined ty a value of
Heynolds number, based upon wire diameter,.of 0.108, &
relation cerresponding to equation (1) has been derived
for velocities bYelow thie limit which, however, Las no f
aignificance for the field of application under diecue—
alon,

For zero wind velocity the eouation reduces to
2
i, 8 = 4.2 (T ~.T,) i (2)

where 1, 1ie the heating current at zero wind velocit}.

The following conditions must be coneldered when .equation
(2) 1 used for numerical calculations. The value of the
thermal conductivity tc be used in.the eouation is that
of the film of air surrounding the wire, which ie a func-
tion of the film temperature, The effective value of the
film texperature 1s not known, It has been eugzested
that the conductivity correeponding to the arithmetic
mean temperature of the wire and the ambient alr tempera-
ture may be ueed,
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It should bYe noteﬁ. furthermore, that at high veloc- %
ities the temperature rise due to compresslon resulting k
from impact of the air upon the wire must be considered §
. and, if. neoessary, allowance for it must be made in the

cholce of T,,

Becaus=e of theee uncertainties calculations of hot- )
wire temperatures by equation (2) can lead to only approx- 1
imate values., At velocity approaching the sonic rangs, !
the 1mpact temperature affects the heat dissipated from
the wire by conduction and induced conveetion given by
the first term on the right-hand side of e~uestion (1). The
effeet of the impact temverature also enters the relation
between wind velocity and heat current given by the second
term on the right-hand slde of eauation (1), It is seen
that the relation betveen heating current i and veloc- ‘{
ity V for a given current i, is unisuely defined only
if the resistance is constant and if both the temrerature
and the mase density of the alr are oonstant, Feor t.le ‘
reason velocity measurements by the hot-wire metl :d are
conclusive only if variatione ¢f temperature and 1ase ‘
density remain within limits estadlieshed by the stipu-
lated accuracy of the results,

Experimental Check

Messurements were made to obtalm an experimental
cheok of the conformity of the method of measurement
chosen with King's equution at high velocitiea. The re-~
sults are shown in figures 3 and 4, A number of test
runs were oonducted with a nickel wire 00,0005 inch in
diameter and 1/8 inoh long for various initial heating
ocurrents i, and for velocities from O to approximately

300 feet per second, The measurementa for two runs ob-
tained in connection with the teats for the strergthe of
the hot wires in the high-velocity jet are also cthown in
figure 4. The deviatiocn frow Xing's relation of these
measurements is attributed to variatiore Of effective
impact temperature of the ailr with velocity. No at‘empt
wvas made to evaluate these results further because this
temperature was not known,
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DIREOTIONAL CHARACTERISTICS IN A CIRCUIT
ADJUSTED FOR LINEARITY

Hot-Wire Instrument with Linear Characteristie

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 velncity
appears in the fourth root accordires to King's eqguation
| is malntained within the range of veloclities investigated,

' It 1s seen that in accordance with the nature of the fourth-

r6ot relation at high velocitles, the accuracy of veloclty

determirnation fror the measured heating current boecomes . : ‘

very low, Leaving out of conslideration for the moment

v certaln aspects pertaining to the measurement of fluestuat-
ing flow, thie decrease in accuracy of reading made it de- a)
sirable to establish a linenr relationshlp between the '

\: reading of the hot-wire instrument and the velocity. .

v This relationship was established (reference 6) through . ‘
the installation of a nonlinear amprlifier stage, the ex- '
ponent of which could be adjusted t0 te inversely propor-

! tional to the exponent relating heating current to wind

veloolty. ©This amplifier stage, shown on the wiring

diagram (fir., 2), consists of T, and 1te izmediate ex- .

ternal circuit including battery .B, and meter Ma., A

calldbration curve of meagurerents obtsined with the hot- .
wire circult includine a linearizing rtage 18 shown in
figure 5. : . '

If the variation of heating current with wind veloec-
1ty 18 known, for instance, through a curve guch as is
., ¢hown 1in figure 5, 1t 1s poscidle to adjust the lineariz-
ing stage for the desired evronent by a simple electrical
testing procedure which deces not reoulre the use of aero-
; dynamic equirment, 3uch as an alr stream. The procedure
: 18 as follows: After the inatrument 1s adjuated for a
: glven heating current at rero wind velocity 1,, currents

are Ilmpressed upon the bridege o0f various astrengthsg =

(1 -~ 1,) and of voltage oppoalte to that of the heating
current, as indicated by the minuas algn. The cathode
blas of the linearizing etage ia then adjusted to obtain .
readings that are proportional to the velocitier corre-

sponding to the values of (1 -~ 1,) chosen., A satisfactory

!
: i
g




e e v ——

Jﬁaﬁﬁﬁggi

NACA Teohnioal Fote No, 880 13

& .

g oalidration curve cen de obtained dy thir out-=2nd-try

e method ueing from four to six values of (i - 10) covering
Vo the desired range of velocitlies. A check of thie calidra-
E tion can be made at any time hetween tests by impreessing
} upon the bridge a negative heating current - (1 - i,

¥ sorresponding to tie maximum velecity and, if necearary,
ad jueting the bridge balance and the amplifier.

i

Calibration of the Directional Characteristics

of a Hot Wire Adjueted for Linear

Inetrumrnt Charactrriastic

_ Calibrations of the directional chaructrristics {(ref- (
;‘ erence 7) were undertaken for two hot wires, nomely,
) nickel wire 0,0005 inch in disameter and 1/8 inch long and
) niokel wire of thr gamr diamcter azd 7/32 inch long. The ’
'1 short wire was tested in-a str m of X/4-inch diasmeter,
the longs wire in a strear of €-ianch diameter. In both 1
curves the irstfupment oper-*ir,> on the tac<is of constant
resistarce of the hot wire war ad’ueted for linearity be-
tween resding znd wind velsecity. Calibration curves for -
linearity are given in ficure 5.fcr the short wire and in ‘
. figure 6, for the long wire, .Toart results showing the di-
rectional characterietice are siver in figure 7 for the
short and lons wires, A sin curve is also slotted inte
the graph for coumparison, These curves indicate that with-
in tlie range of velocities from 50 feet ver second to 300
feet per second, the change of reading with angle ig quite
pronounced, especially for angles of incidenec of approxi-
mately 459 it is sugersted, therefore, that thesc ohar-
aoteristics xight poeeibly form th: baeis of directional

. meaeuremente by the use of two prorerly oriented wiree
without manual adjuetment.in tae determination of the .
direction, . ’

It will be seen that the direetional characteristice
of the long wire show much less =pread of test points with .
velooity for a given angle than the s.ort wire. It wae
found thst the variations of readings cay be attridbuted
largely to the drifting of the talance of tie hot-wire
ingtrudent whieh, for the short wire in mors eritical
than for the long wire, Other eoffeote, such as inter-
ference with the flow paat the hot wire caured by the
prongs, did not show up elearly. Conaiderable trouble -
wae caused by the aocumulation of lint on the wire, which

Fe o4
o
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produced fluectuations and faulty readings, In the second

test (fig, 7?(b)) greater care was taken than in the first

test to maintain balance of the dbridge and to keep the .
wire free from dusat. .

CONCLUSIONS

H Tests of hot wires of platinum, nickel, and tumgsten

i of various dlameters and lengthe in combinaticn with prongs
! and holders of various designs indieate the follewing con~
elusions:

1. Tor measurements at high velocitie=, hot wires g
1 must he supported by rigid prongs to avold bdreakage ;‘
cauged by vidration of the prongs., Zxperimentation with
various types of connection between hot wire and pronga
indicate that, in high-veloelty work, a meehaniecally )
: satiafactory connection is aes difficult to odbtain as a }
' oonnection that has a low electrical resistance which "
\ ] remaing constant during the life of the hot wire. Satis- !‘
factory results osn he secured with ateel prongs, however,
by the use of soft solder for nlatinum and nickel and by
the uee of soft aolder with tungsten on which a thin filns i
of platinum has been electrolytically deposited. ] R |

2 Pldtinum may be usred for Only low velocities,
nickel may be used for veloeities up to and including the .
velocity of sound, and tungsten may be used at superasonies
velooities,

3, The general relationship eatatlizhed by Xing's
equation for constant-resistance operation of the wire
and oocnstant pressure and tecperature of undisturbed flow .
) may bc assumed to hold for velocities up to 300 feet per
! second, Deviations from King'a rrlation, whiech were ob-
: gerved ar sonic vrlocities were approached, were assumed
to result from irpact temperatures,

4, Decreace in accuracy at hish velocities result-
ing frow the fourth-root relationnhip hetween heating eur-
rent and veloeity in King's ecuation for constant regist-
ance operation, made it desirable to estadblish propor- . .
tionality between the reading of the hot wire 1nntrument
and the velooity,

Aerodynamios Ladoratory, o
Case School of Applied Science,
Cleveland, Ohio, April 1942.
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TARLE 1

PEYSICAL PROFERTIES OF METALS USED FCR HOT WIRES

‘[Values taken from reference §]

- .' Termerature

Metal |Melting) Slectrical | oopipycyent
point |[resistivity 97 resistivity

(°c)  [{nicronm-ca)| (ola-cm/°)

Teneile
strength

(1b/sq in.)

Platinum| 1773.5 99,83

Nickel 1440

'.f'ungsten 3382

b8

b .
5.5

®g,003
[

.00537
d.oou7

53,000
70,000 to 85,000
- 215,000

"% 0% 6.
bat 20° 0.

_cFrom_EOD' G to 100° C.
om 0° C to 100° C.

s ¢ o
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