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SUMMARY

The report deals with an experimental method of meas—
uring both the arithmetic mean velocity and the instantane—
ous velocity of pulsatlne flow and with the 1nstruments de—
velOped ot thiis purpose

A 01rcu1t for a hot—wire anemometer applicable t» the
measurement of fluctuating flow is described. The princi-
pal element’s of the circuit are & Wheatstone brldge, one
branch. of which is” the hot-wire.yiand an electronic dmpllfkm
and a current regulater fer-thé b¥idge™currént which in com—
bination maintain the bridge balanced. Hence the hot wire
is kept at practically cdnstant resistance and” temperature,_
and the time. lag caused by thermal inertla of the TWAT el Te
therby reduced. : i ! Zo i et

Through the addition of a nonlinear amplifier stage the
reading of the instruméent has béen rendered proportional to
the velocity.

ANdidscussion of static and dynamic response of the cir—
cuit and of directional characteristics of the hot wire is
given. «Celéalated characteriatlcq are - relatea to the Te—
sults of calibratdion tésts. : i

‘Hot —~wiré. measuremerits 6f mean vélocdity and of the ve—
locity profile of instantaneous veldcities 'were obtained at

the outlet of a rotating axial flow blade zrld and corrrlated

w1th meaqursments obtal ned with a Dltot tube
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INTRODUCTION

Frequently it is necessary to determine the mean veloc—
ity in a stream of fluctuating velocity. If the direction of
flow remains constant, the mean velocity may be determined
from pitot tube measurements, provided the magnitude and char—
acter of the deviations from mean velocity are known. i
however, both the velocity dand the direction of flow vary over
a considerable range, for example, at the outlet of blade rows
or compressor impellers, conventionazl methods of aerodynamic
measurement fall to give accurate results.

It was for the purpose of developing a satisfactory method
of measurement in instances similar to that cited +that a pro-—
gram of investigation of the hot—wire technigue was undertaken
at Case School of Applied Science. This work was carried out
under the auspices of the National Adviscry Committee for
Aeronautics, which also provided funds, Of necessity the meas—
urement of instantaneous veleccity profiles has been included
in the program. 3Becazuse of repeated delay in the delivery of
testing eguipment it was not possible to extend the investi-
gation to velocities of the crder of socund velogcities, as in-—
tended. Instead the znalysis of the instrument characteristvics
has been developed in detail, which should 51mp11fy further
work in the :high—velocity rcgion.

The laboratory work and the calculation were carried out
by Mr. R.'J. Carleton and Mrs. F. S8cott Rodgers, research as—
sistants at Case School of Applied Science, ¥ )

The Cemponent Parts

The hot—wire instrument comsists of the follJW1ng c,mno—
nent elements shown schematically in figure 1:° '

(a) A Wheatstone bridge, one branch of which is formed
by the hot wire : ’

{B) & regulating circuit for the bridge current, includ-
ing a battery or power supply and an electronic
valve

{c) An electronic direct—current amplifier operated by
slight variations of the unbalance of the bridge
and controiling the current regulator
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In addition to the above—mentioned three components
which constitute the.basic circuit, an additional element
also shown in figure 1 may be prov1ded, namely, :

(&) A nonlinear amplifier stage; this stage is required.
only if instrument .characteristics other than
those resulting from the heat transfer charac—
teristics of the hot wire are desired and makes
it possible, in combination with the basic cir—:

“cuit, to obtain readings proportional to the
wind velocity past the hot wire. :

Prineiple of Operation

If certain dynamic effects discussed later are neglected,
the operation’ of the basic circuit can be explained.-as follows:
The circuit is:assumed to be operating at a given condition .of
equilibrium., Then a disturbance, such as may be produced by
a changé of velocity past.the hot wire occurs, causing a vari-
ation of resistance of the hot wire and consequently a varia-—
t ok 6f noteﬁtlal between points” (2) and (4) of the bridee
(fig. 1). This electric impulsé is transmitted and amplified
by sthe amplifier stages A variation of the potential between
grid and cathode of" the current—regulating tubes and a corre-
sponding variation of the hot wire.curreéent is ‘the result. The
resistance of the hot wire is thereby varied in such a way as
to " counteract the_orlyinal dlqturbance,.and a new condition
of eculllbrlum is established. By proper choice of the ampli—
f;cation ratio of the amplifier it is possible, within certain
1inite” 1mposed by tube characteristics and stability of the
c1rcu1t *to make the difference between the hot=wire resist=
ance of the orlglnal and the new position of equilibrium'very

'small.” Thé Kot wire consequently operates essentlally at con—

stant resistance — that is, at constant temperature.

ln addltlon to the reduction of fluctuatlon of hot—=wire
re$lstance, there TS a corresnovdlnb reduction of the tl"’ lag
of response to variation of the condition of operatlon, pro—u
vided the effect of capacitances in the circuit is also kept®
small, -This provision.is necessary because the magnitude of

.the . time lag depends both upon the residual thermal. inertia:.,

of-the wire and upon the effect of such. capacitances. . ”.:-;

Hot wire readings with the basic circuit are obtained by
measuring directly tké heating current or by measuring a quan-—
tity propoértional to.it, such’as the grid: voltage of - the eur<
rent—tregulator tubés:,  with resnect to the ground g
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In order to obtain a reading linear with velocity, use
is made of an additional amplifier stage, item d of the-prer
ceding section, operated in a range of its characteristics,
in which the exponent of the variation of plate current with
grid potential, expressed in exponentisl form, is equal t0O the
reciprocal of the exponent relating variations of heating cur-
rent and of velocity past the hot wire. Tubes, such as those
listed in tables I and II, were found to have a suitable range
in which stable operation may be obtained. When adjusted for
linearity between reading and velocity, the circuit may be ex-
pected to measure the mean velocity of fluctuating rectilinear
fliow.

The Circuit

(a) Features of design of the hot-wire circuit.- Circult
disgrams and circuit constants of the hot-wire instrument are
given for two versions of the instrument: namely,

(a) For battery operation, figure 2 and table I

(b) For operation from 110-V alternating-current
supply, figure~3Aand’tab1e i

The two circuits are alike except for deviations necessitated

by the different forms of power supply.

The bridge was designed with a view to keeping the input
impedance of the amplifier low and to obtain a temperature
ad justment which would stay constant over a sufficiently long

‘period, The adjusteble air ‘condenser was provided to effect
‘elose baglance of the bridge for alternating current, and a

second condenser in the grid-leak circuit of the amplifier to

compensate for the effect of interelectrode capacitance in the

amplifier,

The design of the nonlinear stage was governed by the de-
sirability of having one terminsl of the output (i.e,, the
ground connection of the cathode-ray oscilloscope) at ground
potential, ”

From operating experience with Dboth versions of the hot-
wire instrument it was concluded that the battery-operated in-
strument as designed has a lower time lag than the alternating-
current supplied ‘instrument.

It was found, however, to require frequent ad justment of
bridge balance to counteract voltage drop of the batteries.
Short effect, which:is’@ of negligible magnitude with fresh
batteries, increases rapidly with age of the batteries to an
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order of magnitude equal to that of the signal. With the
alternating-current-supplied instrument it was possible to
naintain bridge adjustment indefinitely once all tubes had
reached their equilidrium temperature; however, it has a higher
time lag and an alternating-current hum which precluded the
investigation of the high-frequency fluctuation of small am=- . :
plitude.

(o) Deéién»of*power packs.~ The power packs (fig. 4)
were designed .to meet the following requirements?

(&) Maximum insefisitivity of output voltage to i

i " ‘variations-* of input voltage 3 GRS SO

(v) "Minimum alternatlng-current rlpple'}iqb" N

(e) Minimum time lag of response to variations
“uiTof load

These requirements were established after an investigation of
the effect of power pack characteristics upon operation of the
hot-wire instrument. They were found to be more exacting than
those ordinarily’ applied to power-pack characteristics 2and
therefore necessitated the @evelopment.of_éﬁegial circuits.

The basic: design of all. three. power-pack 01rcuits ig iden-
tical., Each power-pack c0nsists of the. following elements:

-1, Mafin auxiliery..transformers.
Rectifier tube
Filter TERERENRE D e o

Constant-current device, coOnsisting of .an electronic
tube and associated elements, such as a voltage reg-
ulator tube for the screen circuilt :

-

:Voltage -regulato¥=-tube circait parallel ‘tqg the output

Difference of output Capacity and of the location of
ground confiection resulted:.in-certain-differences in the de-. .
sign of the circuit, amongithem the following. The current=
regulator-supply power pack has four voltage-~regulator tubes
in parallel capable of supplying-a total-of.100: milliamperes.
output, The resistors placed in series with these tubes in-
sure firing of all tubes as the péower ‘pack isénergized and .
approximate equality of current through each at any 1o0ad. con—-
dition, A separate screen supply for the currént-regulator °
tube was;: provided ~the voltage of which 1s independpnt of the

% X

the current regulator.

s
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The circuit of the power pack for the screen and plate

+ supply of the direct- curren% amplifier differs from that for
the grid leak, apart from differences of the values of cer~p
tain circuit constants, by a condenser O, (fig. 4). This "
condenser serves to eliminate a ripple, and also decreéses
the time lag of response to variation of output.

The relay in the current regulator supply was found neces-
gary to protect the screen leak VR tube during the warming-
up period of the power packs. Dynamic response of the power
packs constant current to variation of lcad was tested by con-
necting valve, a current amplifier circuit controlled by a
square wave generator to the output and measuring the time lag.
In all cases the time constant (see sec, on Response to Fluctu-
ations of Velocity) was found to be less than 1 X 1075 second.

ANALYSIS OF OPERATING CHARACTERISTICS

Ligt of Symbols

A tube in hot-wire circuit for battery- operated
hot-wire instrument

B filament switch in circuit for battery operated
hot-wire instrument oo

¢ equivalent capacitance in circuit for battéry-
operated hot-wire instrument S

Cp drag coefficient

c constaot in King's equation (2)

Cp specific heat :

D, milliammeter in circuit for battery operated

hot-wire instrument

D, microammeter in circuit for battery operated
hot-wire 1nstrument

d © diameter of wire 4

E 'é steady flow voltage .

e instantaneous voltage

Yos Fan LIn non—dimensionel ratios of heating current to
: velocity

G galvanometer in hot-wire circuit
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E'n over—-all transconductance of circuit
(g'm)cr transconductance of current regulator value
H quantity of heat
3, instantaneous heating current
i, heating current at zero air velocity
1= /R
AQ/Q "
K = e—oun strain sensitivity of wire
.
k constant in King's equation (2)

length of wire

M - ~ 'timépconstgnt; sec
m : ”masé‘bfﬂhOﬁ'wire
w | :
n = 5; frequency
R i instanfaneous resistance of hot wire
R g ~‘mean ohmic resistance of hot wire
Ra i freéisﬁancé of hot wire at temperature of §hbient
g : air, ‘
0 :1: _;;e§ﬁStance of heat§d Miré at zero velocity
By s " power supply terminéii ‘ # ;
s maximum sag of wire
T temperature of wire
B air temperature
t time
v i €éioc;ty,-ft/sec !
Z /~impedande of hot wife
a temperature coefficient of resistivfty
o} ‘tengile stress -
S angle of incidence .
@;“w;; P, over-all phase lag of simple harmonic signal, of

hot wire, and of amplifier, respectively
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' amplifier gain ‘

ol mass density, 1b secg/ft4
w angular #elocit&

Q resistance, ohms
Subscript

cr current regulator value

Strength of Hot Wires at High Velocities

In testing hot wires of platinum in air streams-ef high
velocity the observation was msde that new wires, which:were
soft-soldered taut between their supporting prongs acquired
a slight sag from exposure to a stream of 200 and even 150
feet per second velocity. As this could not be ascribed to
failure of the solder joints, it was inferrec that the wire
was stretched. Further increase in velocity would increase
sag until whipping of the wire occurred, which then would
lead to breakage. Flatinum wire of a length-diameter ratio 1/d
= 1000 would fail consistently at velocities exceeding 300 feet
per second, No stretchirg of tungsten wire,was observed after
gxposure to velocities from 500 to 800 feet per second.

(a) Equation for strepzth charscteristics 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 $afe maximum limit for the
metal, Let it be assumed further that the curves of the wire
under load are similar -~ .that :is, that the ratio of sag p ,
to length 1, is constant, The following relation may be es-
tablished by the approximation o0f the curve by a-parabola:

2 :

Cr, _O_L a 7; 3 md
B Lelgeyt 4
hence g
i Feinny
CEEINR @)
2m 2 . -d P

(b) Maximum permissible length of hot wire.- Equation
(1) may be used to calculate the maximum permissible length
of a hot wire. To this end the following values have been
assumed: ' - S i PR AL

1. Reynolds numbers for hot wires cover {he fange from
20 %0 50, ,

2. Corresponding drag -coefficients are from 3,0 tp 1.2.
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3+ Calculations were carried out for.
results may readlly be corrected for any given value
oif Cpe = 7

S T

Cp =.1.0; if desired,

the absence of specific information it was assumed
that a sag equdl to 1/100 of the length of the wire
. constitutes an ‘acceptable operating condition, and
calculations have beén carried out for this value,
1 P 100.

The limiting velocity for safe operation of the hot wire in
respect to breakage was defined as the velocity of an air stream
of standard sea-level density producing a tensile stress in the
wire equal to the yield stress of the material.
strength of fine wires varies a great deal as a result of the
drawing process and the subsequent annealing of the wires for

purposes of aging before its use.

The tensile

The figures given in the fol-

lowing table are believed to represent average values.

TENSILE STRESS AND STRAIN PROPERTIE

OF HOT WIRES

Ultimate Yield - Modulus of
Vaterial S:i::;ii strength elasticity
(psi) (psi) (psi)
20,000 to 30,000 as low as ofl. 2% 16°
00
2 . annealedr ag;;zled drawn
52,000 hard drawn :
215,000 swaged rod | 500,000 hard |~ 51.l x 10°
0.3 inch diameter drawn wire drawn wire
()26 3
Tungsten | 590,000 hard drawn - “'ggiiét;§°h
wire 0.0011l inch:
" diameter ;

'~ On the basis of the data of this table, curves have been’

plotted in figure 5 giving maximum operating velocities versus -
length-diameter ratio for various yield stresses.

These data

lead to the conclusion that platinum wire may be used at rela-
tively low velocities; whereas tungsten wire is applicable for
_very high air veloc1t1es.

{e) Strain. sen51t1V1ty.- It is known that the. electric

resistance of metal wires increases as the wire 1s,sub3ected

Tt ustrain,

The .strain sensitivity is defined as the ratio:
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Unit resistance change _ AQ/Q) _ X
Unit strain change AV

(See reference 3.,) This strain sensitivity forms the basis

of strain measurements by means of wire strain gages. In ref-
erence 3 the values are given for the above ratio for strain
gage wire; namely,

2.18 for cupronickel wire

3.6 for isoselastic wire

v
H

Since corresponding values for tungsten wire were not
discovered in the literature, a simple test was made for the
purpose of identifying strain sensitivity and of establishing
its order of magnitude for this material,

A tungsten wire of 0,001l centimeter diameter was sub-
jected to tensile loads, At the same time a constant current
of 20 milliamperes was passed through the wire and the voltage
drop was measured. The temperature of the wire was but slight-
ly in excess of room temperature. o tests were conducted at
normal operating temperatures of hot wires. The tungsten wire
was subjected to tensile stress of from 200,000 to 400,000
pounds per square inch, The strain sensitivity was calculated
tol el KL =i,

The calculated percentage variation of tungsten wire for
an assumed change of tensile stress of 200,000 pounds per
square inch, based on the measured strain sensitivity is 0,57
percent,

Strain gsensitivity will affect the heating current of a
hot wire exposed t0 & high velocity air stream, From King's
equation (see sec. on Static Response Characteristics of Hot
Wires at Constant-Resistance Operaztion) it is seen that an
increase of the tension in the hot wire due to the impact of
the air causes an increase of its resistance R and for a
self-balancing bridge circuit a corresponding decrease of the
heating current, This deviation from King's equation is shown
schematically in a graph of the square of the heating current
versus the square root of velocity (fig, 6). This effect may
be as high as 1 milliampere and apvoears to make itself felt
in celibration curves. (See fig. 12, curve C). The effect
of strain sensitivity may be minimized by reducing the
length-diameter ratio of the hot wire. Use may be made of
the graph (fig. 5) in conjunction with the data of the pre-
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ceding table on Tensile Stress and Strain Properties of Hot
Wires in selecting a satisfactory length-diameter ratio.

(d) Method of mounting tungsten wire.— Hot wires of
platinum and nickel were mounted on their supporting prongs
by soft—scldering., This resulted in a connection which fronm
calibration tests appeared to be satisfactory both in regard
to mechanical strength ©f the connection and in regard to
its electrical resistance within. the range of velocities for
which these wires are applicable. The.ranges of velocities
are limited by the tensile strength of the hot wire itself.

Consiaerably more difficulty was encountered in attempt—
ing to mount hot wires of tungsten. Two methods of mounting
tungsten wire were investigated; namely, the spot—welding
method, and a special method described hereafter permitting
soft—soldering of the hot wire.

The welding of tungsten wire was done by a very simple
welding device in which the current and the fusion time
could be controlled only very crudely. As a conseqguence,
the prongs or the tungsten wire would burn and the probabil-
ity of obtaining two satisfactory welds and a taut wire was
low. It is believed, however, that neat welds could be ob—
tained with 2 welding device 2llowing careful control of the

‘cecnditions. However, since such a unit was not available,

this possibility was not pursued further.

A second method of mounting tungsten wire was developed
as a result of extended experimental investigation, in the
course of which more than fifty wires were mounted and subse-—
gquentliy tested in an airstream of up to 600 foot—per—second
velocity. It was recognized that a hot—wire connection, to
be satisfactory for use in high-velocity air streams, must
have two discrete properties; namely, it must have adequate
strength and its electrical resistance preferably should be
negligible compared with the resistance of the hot wire, or
alternatively, it should be low and constant.

When attempting to soft—solder tungsten wire it was
found that soft—solder does not readily adhere to tungsten.
This condition appeared to be aggravated for certain samples
of tungsten wire which were believed to have acquired a coat
of tungsten oxide.

A method of obtaining a satisfactory connection between
tungsten wire and its prongs which takes account of the fore—
going considerations is described with reference to figure 7
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by enumeratlng the various stens of the technlque of nmounting
a tungsten wire of 0.00061 centimeter diameter::

L Pickling‘of the tungsten wire in hot aqua regis solu—
tion %o remove, K the tungsten oxide. Duration of the process,
1/2 to 2 hours. . ' ' ;

2. Platlng‘of the wire in an electrolytic bath of rhodium.
A voltage of 1% Volts was applied to the electrodes for 30
seconds (Ii&s.7% and 7d

©. Mounting of the tungsten wire between u—shape copper
wirelshoywn in fiocure 7e¢. The u—shape wire is to be twisted
several times to wind the tungsten wire around the copper
wire after insertion of the latter into the hollow prongs.
Proper tension of the tungsten wire may be established con—
veniently by this method. The tungsten wire is then pushed
into a notch at the rim of the supporting prongs.

4., Soft—soldering of the u-shape wire and the tungsten
wire into the prong.

5. Removing of the rhodium from the hot wire outside the
solder joint by immersion into an aqua regia solution. It 4s
found that the solder is attacked much more slowly by the acid
than the rhodium, and no harm is done to the solder connection.

6. Microscopic inspection of the solder joint and of the
hot wire.

Tu gsten wires mounted by this method were found to be
suitable for measurements 'in high velocity streams both in re—
gard to strength of the ﬂdunting and in regard to its elec—
trical resistance. The photograph of a hot-wire holder
(fig.8) shows the proportions for a wire of 0.5 centimeter
length. ‘

Static Response Characteristics of Hot Wires
at Constant;3esistance Operation

If constant resistance of the hot wireé, . or ‘zeroasragte ol
-increase of heat energy in the wire, dH/dt =.0, is assumed,
the balance of energies supplied to, and dis ssipated by, the
hot w;re may be expressed by King's equation (references 1

and 2 :
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Of interest is the variation of heating current with veloc—
ity at constant hot wire and ambient . gir temperature,

=T, ‘& constant, in which case it may be assumed that
boEh kit and ¢ also remain constant.

The variation of heaving current with unit variation of
velocity may then be calculated from equation {30 using new

P—T, ‘ ; -
constants k' = = To.k and ¢! = __29 c

2.4R : : .4R
g Ly 1 e ol i, 1. 448 (3)
LT av 4V Joee' Y ot

The variation of heating current for 1- percent varia—
tion of velocity is

ai ‘ e A
I i {4 v . (4)

6 i = = - =
L 400 JE'+c' T
i , .

Pinalily, the percentage of variation of heating current
for 1=~ percent wvariation of velocity is

(di) il
DR L Ay | k] 5)
fs = -:—"" = “'}— ‘:‘ = ! - y < V
V k+cvV il R

~~ l

The functional relations according to equations (3) to (5)
Baye Eoeh plotted in figure 9 for k= 10 and ¢ ='1. It
follows that the accuracy of hot—wire readings, contrary to
general belief, at high velocities is. inherently superior to
that at low veloc1tles, at least for constant—resistance op—"
eration considered here.

Eesponse to Fluctuations of Yelocity

Lag of response of--the circu1+ to varlatlonv of veloclty
may be caused by (1) lag of response of the hot wire, result—
ing 4n lag of the input signal of the amplifier and (2) by lag

i
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of the amplifier and current regulator tube, resulting in
lag of the heating current with respect to the input signal
of the amplifier.

- The time lag may be expressed by the angle of phase lag
of a2 simple harmonic signal. Let the angle of phase lag of
the hot wire be ¢,» and of the amplifier ¢_,. Then the
over-agll phase lag is

. TP o e

(a) Bhase lag of the hot wire.— Considering first the re—
sponse of the hot wire it is recalled that the resistance of""
the hot wire does not remain precisely constant. Its varia—
tions are related to variations of heating current by the
equation

1= 45 {1 -~ g%y (R ~ By)] (6)

Proportional changes of the temperature and the heat content
of the hot wire take place., The latter induces a heat—trans—
fer process requiring time, which -is the cause of the tinme
lag of response. This time lag has been expressed by Dryden
and Kuethe for constant-resistance operation (reference 2) in
the following form

4.217,"?.0(:717-‘3&) 3 ' : 1
12Rg R,y @ (

= | o

Al ﬁ
l+ 1 bl 7 b
i

pee

For values of the transconductance obtainable with the basic
cirecuit i
' (E"'RE;)R

2e'y & ey B8 S 1 o I L

hence equation (7)'may be simplified to read

4 02 m e &
M = 2 (9)

\ 42 .V § p
Pl g'yR Be O

The phase lag, wl, of‘the hot-wire'résﬁonse to a simple

) b L _ " w
harmonic variation of frequency 'n =-3~ may then be calcu—
N i 2
lated '

P, = tan_l(—Mzﬁrn)= tan” 1 (—Mw) by




NAGA TN No.--990 - ' 15

When expreéssing the time ‘constant in terms of the ohmic re—
sistance R_ and the equivalent capacitance O of the hot
wire, M = RC (fig. 10),

gy = tenT Huwlyy: O 1 (11)

Thie 'minuws s'ign in equatiohs (iO) and (11) indicates.that the
current lags.

It is seen from equation (9) that the time lag of the
hot wire 'decreases as the over—all, transconductance of the
circuit increases. o -

(b) Phase lag of the smplifier.— The amplifier stages
are resistance—coupled, and the only source of phase lag there—
fore is the 1interelectrode capacitances of the amplifier
tubes. As their effect may be reduced to a negligible amount
by a small compensating condenser <rown in figures 2
and 3, the amplifier operates at practically zero phase lag
in the range of frequencies encountered.

(c) Dynamic characteristics _of circuit response.— In
conjunction with the design of the hoft—wire circuit, calcula—
tions of the response to velocity fluctuations were made and
the results are¢ shown in figure 11, in the form of curves .of
angle of phase lag versus amplifier gain g for .simple
harmonic variations of hot wire resistance of various fre—
quencies. In these calculations the transconductance of the
current-regulator valve was assumed to have the constant wvalue
(ém)cr>= C.005., 'The phase lag of the amplifier was assunmed

to be zero,

The calculations were carried through for two different
hot wires for which data is given in the following table;

Type of wire Platinum wire Tungsten Wire

Diameter 4 =~ 0.000ZBféehfimetér: O:ObCéi-centimeter
lengthe . = ot ¥ ~O.635:cenfim§tef | 0.635 centimeter
L 2,540 y 1,040

Curren? at zera . e ! oy
velocity io'f*' * 1QX;1Q ;_ampere 20 X 10 -~ ampere
Time lag at ggﬁ=5o=fM‘sKL62ﬁzx Rk ¥'s 11.35x 10~°

second second
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The following conclusions may be derived from inspection
oit Tiigutre (115 - ¢

1. The residual thermal inertia of the hot wire is the
principal factor in determining hot—wire response. For maxi—
mum response to fluctuations of velocity of high freguency it
is desirable to use as thin a hot wire as can be handled.

2. For a given hot wire there exists an optimum gain of
the amplifier in regard to phase lag-and tube noise. Ampli—
fier gain and hot—wire characteristics should be matched for
best response of the circuit. (See sec. d.).

3, Development of the hot—wire circuit for response to
high—frequency oscillations call for high amplifier gain and
for compensation of the phase lag of the amplifier, which
‘ ‘' ' may easily be accomplished over a wide band of frequencies by
conventional technique.

(d) Limits of response.— Increase of over-all transcon-—
ductance decreases the time lag according to equation (9).
It likewise decreases the variation of hot—wire resistance
(R - Rp) for a given velocity variation according to equa—
tions (6) and (2) and thereby the magnitude of the input sig—
nal of the amplifier, which varies inversely to the amplifier
‘ gain. There. exists a definite lower limit of input signal
J and consequently of amplifier gain, established by the magni-—
7 tude of the tube.noise of the first amplifier tube, As the
L input signal is reduced to the¢ order of magnitude of the tube
] noise it can no longer be discerned readily nor be analyzed
correctly., This limit is reached as the input signal is re—
duced to less than 10 microvolts and is approached in the
design of hot—wire circuits. (See curves e apd € of fiz,
14 ~ e el ‘ iy

Interference from tube noise can be reduced by the fol—
lowing measures:

(a) Qreration of .the hot wire at high temperature

(b) Choice of a tube of low noise level for the first
amplifier stage

(¢c) Low amplifier gain

(d) It is to be noted that, all other things-equal,
tube noise affects the readings less at higher
velocities than at low velocity i :
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~CALIBRATION.
A number-‘of calibration tests were performed to estab—
lish the characteristics of the instrument experimentally.

Static Calibration

Calibration tests for: static response included measure—
ments of the equilibrium conditions of various states of op—
eration without regard to transient phenomena.

(a) Variation of heatiﬁe current with velocity.~ The

static response of tba c1rﬂu1t to variations of "°1001tv past
the hot wire was tested by measurerent of the heating current
required to maintain the hot wire 2t constant temperature.-‘
To this end the hot wire was supplied with a heating current,
ioy, at zero alrspeed by adjustment of the variable brldge
resistor and then balanced Cnce adjusted this balance was
maintained automatically at all speeds except for the small
unbalance necessary to induce compensating action. Typical .
calibration curves sré given in figure 12, in which the
square of the heating current, 1i,, has been plotted against

uhe square root of the veloe1tv, YV, for one value of i,

each £or‘three different hot wires. The platinum wire was
tested to 340 feet per second, the highest veloc1ty it was
believed capable of sustaining without su fering permanent
strain, the other wires to the maximum ai rspeed obtainable
with the test equlpmcnt At first the hot wire was placed

in the stream from a nozzle placed on discharge side of the
blower (an aircraft—type supercharger). This was found to

be unsatisfactory, however, because of large disturbances of
hot—wire readings which soon were traced to temperature lami-—
nation in the air stream originating in the blower After
placing the nozzle on inlet side of the blower theﬁe disturb—
ances vanished and the results’ of figure 12 were obtained
without further difficulty.

4

It is seen that the curve for platlnum dev1ates from a
straight lihe at a velocity of 150 feet b_per . second. The devi-
ation from straight line in:the 12 — 7 diagram is caused
by strain of the wire. Strain effdcts depend on factors not
readily controlled, such as the sag of the wire, and should
therefore be 1ooked for es»ecially in hot-wire calibratdion,
since the occurrence of strain probaoly establishes an upper
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limit for the velocity range for which a hot wire may be ap—
plied. In the case of the nickel wire and the tungsten wire,
strain effects did not become apparent within the range of
velocities tested.

(b) Linearity of instrument reading with velocity.— It

was found that the variation c¢f plate current of the non-—
linear stage could be adjusted readily so as to be linear
with the variation of wind velocity past the hot wire. This
is effected by adjustment of the screen voltage of the non—
linear stacge. It may be done without the use of an air jet
by reading the variation of plate current which takes place
as successively various currents (i — iO) related to the wind
velocities by the heating current—velocity characteristic of .
the hot wire are impressed upon the current supply terminals
of the Wheatstone bridge to flow in opposite direction to

the heating current 1i,. Linearity, which may be thus estab—
lished readily over all but the first tenth of the range of’
velocities, may be checked in the air stream. Results of a
calibration-test are given in figure 13,

(c) Directional characteristics.— Hot—wire readings of

the instrument with linear characteristic taken at constant
velocity but varying angle of incidence & Ybetween direction
of flow and hot wire are plotted in figure 14. : The figure
also shows in dot—and—dash lines the v%inee curve; and It

is seen that the calibration curve displaced a few degrees
follows this v%inze curve with reasonable approximation,
except in the range from 0° to 6° angle of incidence, It
can be stated that the hot—wire instrument measures the com—
ponent of velocity in the transverse plane of the wire,

Calibration for Response to Fluctuations of High .
Frequency and Large Amplitude -

(a) Theory of scuare—wave testinez.— The theory of the
square—wave method is based upon the mathematics of the unit
function of Fourier's series (references 4 and 5. The theory °
and application of square—wave testing of alternating current -
and electronic cireuits has hgen discussed in reference 6.

With reference to 1ts application to hot—wire response,
it may sgfely;be assumed ‘that interference between states of
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operation which are more than half a period of the square
wave apart are. of no concern. .For this reason the theory may
be confined to the study of the insthntanéous change from one
condition to another c¢ondition, where both the initial and
the final conditions are maintained constant over an indefi-
nite period. This change ‘is represented graphically by curve
8 'af fizure: 15,

BEquivalent circuit.- The charscteristics of the hot-wire
circuit are represented by the equivalent electrical circuit
(fig. 16). A decrease of velocity past the hot wire corre-
sponds to an increase 0f current through the equivalent cir-
cuit. The resistance R and the capacitance ¢ represent
the resistance of the hot wire and its residual thermal iner-
tia as well as the reduced capacitance of the circuit. Vari-
ations of the resistance of the hot wire, which in a circuit
with automatically balanced bridge are small, are not taken
into account in the equivalent circuit.

Suddenly applied voltage.~- The instantaneous application
of a voltage is described by the function:

()=
AW=C

/ i

e ='/ ﬁm‘sin (wt) aw

=

W=0

7

Let the resistance "R, (fig. 16) be of such magnitude
that the effect upon the current i through the circuit of
the combined impedance

e g . 8
7 - R g jJ0e R ‘ '
i 2 2 2] 2 2..@ 4 } i

R el

1 + w® g7 R” 1 0 WwEs

.
;)

of the resistancé’ R and the capscitance C acting in paral-

lel may be neglected. In that case the equation for the cur-
rent is:

W= 1%
5 ; e

'/” A sin (wt) dw
w

= O = %
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res 3

Sy Setpctmeyaw 3 p¥TT ga
E sin (w ) TENEE
e =:E‘.lR[_l-f' ok ~ _.}./ :  r— cos(wt)dou
FptaLingy W 1+w? gFR3 MY . 1+w? GARS

where cos(wt) has been substituted for j sin (wt).
The first integral in brackets is of the form

ek R sin(mx)d.
x(1+x%)

as will 'be seen when substituting

"x = R C
PR N
e 1

its value is (reference 7, item 445)

n —t/RC
m 5 €

The second integral in brackets is of the form

i

(o5}

" =
‘/- ———— cos{mx,d ¥ °
vi Swsd

x and m denoting the same quantities as above.

The value
of this integral is (reference 7, No, 263, p. 27)

=t
TT ]
L oW

When substituting these values, the function e =flt) be-

£ 0
Ky

comes

&=
)

III

IS,

Hd
-

This feiation is represented. by curve Db, _f;gurs 15
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_ Geometrical representation of the time constant.- The
quantity &1’C has been recognized as the time lag . M. (See

sec. on Response to Fluctuations of Velocity.) This quwanti- ..

ty may be related to the response curve of 'an instantaneous
change, curve h of figure 15, in two distinct ways, as
shown below:

15 Difforentlaté thies eguation: for e of the precedlng
i paragraph with respect to time at' t =0

(d_e_> ;_ By . B Rc\
“\at.

3 | R . » El : 2 s

-where E =‘?;cR,- the voltage of the final state

- i v . ‘.' ,1.: ., 2y p e
S ) : L ; o f : B : - Saet

whienh “rearrangings M = RC =

.

=0

_répfesentedfby the distance 1-2 in ‘figure 15.

e Calculate the o”dlnato of the response curve, qp}ve”b‘f

LW ificune 15,..for the time &t = KU ="M o

R
Le)i_pg. =B (1-e ) = 0.632 B

where, E = ——= R, a2 above.
From this 1t follows that the time constant M may ke obw .i::,
tained as the horizontal distance from the start of ~the iPe=y+ -
sponse curve to the ordlnate e = Q36T 2REE : s o s
Resnonse to noninstantaneous changes - The'firét geomeﬁ%_
rical oonsbsuction for . .M. 1s identical :to the construction ;
applied to the response :curveée of a harmonic disturbance (See

reference 2, “p.- 13,/}) =It may ‘be concluded from this_that the
time -constant ‘may be obtained by eithar geometrical construc-
tion even in cases where the original impulse is not instan-
taneous, provided the curve of the applied voltage is known
and compensated for by a corresponding horizontal displacement
of the response curvae,

The relations established in this section derived for a
simple electrical circuit may be applied to the calibration

e r

whdieh iS‘:H.gjz

TR S T
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of a hot—wire circuit as it has :beéen shown in the seetion on
Response to Fluctuations of Velocity, that the combined char—:
acteristics of a hot wire and its circuit may be expreéssed
through an ohmic resistance and an equivalent capacitance op—
erating in parallel. ¢

(b) Calibrating device for ‘square—wave testing of the
bot wire.— Changes of operating condition of the hot wirt ap—
proximating those of square waves are produced by oscillating
the hot wire at right angles to an air jet. The hot wire is
arranged in such a manner that at the midpoint of its stroke,
consequently at its maximum velocity, it enters the air jet
simultaneously over its entire length. The axis of the wire,
the direction of the z2ir jet, and the direction of motion of
the wire are at right angles with respect to each other. The
mechanism of the calibrating device is shown in fdigurie 17,
which is believed to be self—-explanatory. It operates at a
stroke of 4§-inches and at a frequency of 30 to 60 cycles per
second. The velocity of the air stream may be varied from O
to 400 feet per second.

In using the calibrating device, account must be taken
of the fringe layer separating the free jet from the surround—
ing stagnant air. It should be reduced to minimum thickness
by removing the boundary layer of the nozzie (see fig. }7)
and by traversing the jet close to the throat of the nozzle.
Correction must bte made for the renaining fringe layer in
evaluating the calibration records.,

A sample oscillograph obtained with the square—wave cali-—-
brating device from a circuit with considerable time lag is
shown in figure 18,

Measurements of the time lag of the hot-wire instrument
with battery .supply and with a tungsten wire of -0,.00061 centi—
meter -diameter and 0.80C centimeter length, caréfully adjusted
for maximum response indicate that in this case M is of the
ormier of 10 X 105° second. Precise measurenents, however,
were not posisidle, chiefly because of the disturbing effect
of the fringe layer upon the mcasurement. Further development
of the square—wave testing device is rnecessary to achieve
higher speeds of the hot wire as it enters the air stream and
thereby higher precision 'of measurement of small time lags.
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MEASUREMENT OF MEAN VELOGITY OF AN AIR STREAM

The hot—wire instrument zs described in the preceding
paragraphs was used for measuring the mean velocity in two
distinct cases, namely: (1) In a flow of varying velocity
but of uniform direction in which, moreover, both the mean
velocity and the character of the fluctuations could be ascer—
tained precisely. (2).In a.flow of cyclicly varying velocity
and direction in which other measuring devieces are not pre—
sumed to give precise results.

Measurement of Rectilinear Flow

The hot wire was mounted on a shaking device ogscillating
at from 30 to 60 cycles per second through a stroke of 6
inches in an air stream parallel to the direction of flow.
The air stream was produced by a nozzle of 8 -inches diameter,
its velocity could be varied from O to 400 feet per second.

The tests then consisted of shaking the wire at various
frequencies and at various velocities of the air stream,
while at the same time observing the cathode ray oscilloscope
and taking readings of the nonlinear stage.

The readings of the mean velocity confirmed the antici-
pation as ‘it remained the same whether .or not the hot wire
was shaken, except in case the airspeed of the jet was less
than the maxinum speed of the shaker mqtion. ; s

The 0301110graph observation was less conclu31ve tham
the mean readings since it is difficult to detect slight .devi—
atlon.from g, sine curve. Distinet indication, however, was ob—
tained from the oscillograph as soon as .the direct¢on of. rela—
tive veloc1tv reverses — that is, the .case referred to above
~when the instrument ceased to read the mean velocity.

Measurements of a Field of Flow of Varying
Velocity and Direction
An, 1nvest1gat10n was made of the poss1011 ty of measur—
1ng'the mean axial velocity, as well as the instantaneous

axial-velocity components at the discharge of a rotating blade
row. A rotating axial-flow blade grid of 36—inch tip diameter
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20—inch hub diameter, consisting of 12 blades of .-7—inch chord
and 8—inch span, rotating at from 600 to 1000 rpm, was avail-—
able (reference 8). Directly downstream of this grid and ro-—
tating with it was mounted a pitot tube by means of which wake
traverses could be measured while the grid was in operation.

Hot-wire measurements were obtained on this' blade grid
by placing a stationary hot wire at midspan radius of the
blades approximately "1 inch axially downstream of the trail—
ing edges such that the hot wire was directed in the plane of
rotation tangential to a circle concentric to the axis of ro—
tation., The hot-wire instrument might then be expected, ac—
cording to the section Directional characteristics, to give
readings of the axial velocity components. The instantaneous
reading was made visible on the screen of a cathode-ray os—
cilloscope. To this purpose the sweep circuit of the oscillo—
scope was synchronized with the rotation of the rotating grid
by phatocell circuit such that the weloecity pattern of only
one—blade interval appeared on the screen, An oscillograph
thus obtained at midspan for 700 rpm and 120 feet per second
mean pxial velocity is shown in figure 19. At the same time,
mean readings of the hot-wire instrument were taken.

The oscilloscope was evaluated from the known calibration
characteristics of the hot—wire instrument and the deflection—
voltage ratio of the oscilloscope, yielding the variation from
mean of the instantaneous axial velocity and in conjunction
with the mean reading of the instantaneous velocity.

Corresponding pitot tube measurements of a wake traverse
relative to the rotating grid were evaluated to give a profile
of instantaneous axial velocities, ‘In this .case variations
of direction of the relative velocity which were not measured
had to be disregarded. The profiles of the axial-velocity
components obtained from hot-wire readings and from pitot tube
readings in the’ rotating system, shown in figure 20, show rea-—
sonably good correlation, :

CONCLUSION S .

The investigation has shown that hot—wire circuits of the
type described, -operating at essentially constant resistance
of the hot wire, respond to fluctuations .of velocity at very
small time lag, - ’ o B

It is possible, by means of a suitably adjusted amplifier
stage, to obtain instrument readings proportional to the veloc—
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ity of a flow of fluctuating velocity and of copstant direc—
tloma e o ! A

Directional calibration of the hot—wire instrument with
linear reading reveals. that within a wide, range of variations
of direction it is possible to obtain readirgs of the velocity
component normal to the hot wire, from which it is concluded
that in flow of varying velocity and direction the mean veloc—
ity component normal to the hot wire may be measured. - '

Lt high velocities both the strength and the strain sen—
sitivity of hot wires must be considered. It appears that in
this respect tungsten wire is most suitable. Suggestions are
made for mounting tungsten wires.

Aerodynamics Laboratory,
Case School of Applied Science, i
Cleveland, Ohio, December 13, 1944
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TABLE I,- CIRQUIT CONSTANTS, BATTERY-OPERATED INSTRUMENT

R, 2,000 ohms
Ro 5,000 ohms
Ra 30 ohms
Ry 10C,000 ohms
Rg 500,000 ohms
Rg 10,000 ohms
R, ,  3 megohms’
Rg ‘ 10 megohms
Re. 600,000 ohms
Bils . % megohms
Rll_ 1l megohms
R;é  5 megohms
Bt 500,000 ohms
Ri4 ' 5 megohms
RIS 100,000 ohms

A’l and A.g
Azi

Ay

(= e &
R A s

S, and S

[

ILN5 tubes
ISA6 GT tube

l1 to 4 1S4 tubes
in parallel

filament switch
on Rs

filament switch
on R13. :

filament switch
on R3

+180 volts tQ.gypund
+90 voits to—gQOﬁnd

ground

-90 volts to gfound

~180 volts to ground
galvanometer |

(Oto75) milli-
ammeter

(0t0100) micro-
ammeter
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b3 o 4 I

2

i,

500,

1,2

500,

152

e

PR TR
060 obhe’
+%0" onth
500 ohms

0p0. ohms ..

megohms

000 ohms

megohmsT

megohms

27

TABLE II,- CIRCUIT CONSTANTS, ALTARNATING-

.. CURRENT SUPPLIED INSTRUMENT

""" (0'bo 100) milliammeter
"b;-'\ gai;énometer

e Ba o 0 %o 100 paf
Csy C to 30 mmf

F-..,,\.’!,»'

’ ol
Ay, Rg, K5 6AC7 tubes

.y Mg, 6-Y-6 tube

¢

200,000 ohms,, = .. . 4Ag . 1l/4-watt neon bulbd

1.8

100,
.50,

50,

1.2

1,

megohms

000 ohms»+

C00 ohms

000 ohms, |

megohms

000 ohms |

4. ~21 ., switech on Ry control
i o eaetEul

" . Fer supply voltages at pointsvh

“78% "to "8y, see figure 4.

\ - . !
R p G

[ S r 2 WIS S
LS 18 e + i ‘
Sg —.89)ac 6 volts d.c,

i~

4, e

Dy #7000 100) microammeter -
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TABLE I1I,- FOWSR SUPPLY

5
|
|
|
|
|
|
Thordarson, T-13R12 or equivalent x
|
|
\
|
|
|
|
|
|
|

Ay

Ag : Utéh, 660 or equivalent

! o Thordarson, T-19P54 or equivalent

by %iiément transformer, 5 volts 24

(L, - L) (o shielded filter choke 20 hy 50 MA

(Lg - L,) - shielded filter choke 15 hy 200. MA

S Bay Ouy. Gy O electrolytic condenser 20 MHFD 450 vols |
O P 16 MFD B | |
R, ¢ - 400 ohms, 1/2 watt

Rp and Ry 6000 ohms, 1/2 watt .

Ry and "Ry 100 ohms, 10 watts ‘

Ry 2000 ohms, 2 watts

Ry 1000 ohms, 50 watt, with adjustadble tap {
Rs 1000 ohms, 1/2 watt. |
Roy Ryos Ry3s Ryg 700 ohms, 1 watt o ! }
B 75 ohms, with adjustable tap |
Ryg 7600 ohms, 1 watt




BRIDGE BALANCE

GALVANOMETER
1 p
D.C.- A.GC. AMPLIFIER
= -
l  GRID OUTPUT
N—-HoT wiRE CATHODE

EGULATION OFJ

HOT WIRE
HEATING
CURRENT u.e&.
HOT WIRE
TEMPERATURE

HOT WIRE CIRCUIT

WITH VERY SMALL TIME LAG

CIRCUIT ELEMENTS SCHEMATIC

rREGULATION OF BRIDGE BALANCE

066 ON N1 VOUN

ADJUSTMENT OF RANGE
AND LINEARITY

READING LINEAR
WITH

-

~N
GRID L VELOCITY
B~
o

(GROUND) (GROUND)

@"— HEATING GURRENT

—te

PLATE® |~ CURRENT REGULATOR VALVE
GRID
CATH

FIGURE |.- COMPONENTS OF THE HOT WIRE INSTRUMENT, SCHEMATIC.

CATHODE RAY
OSCILLOGRAPH

NONLINEAR
AMPLIFIER STAGE

| ‘B1d



~ __A s
( [ b
i
o = o ” pt
'3 x @ @ «
rllj._r/
<
— WWWWWWM < euu
<
| by
I ___
e _
1]
< _ o
@
R7 [ 3 S.a
—
2 o & o
| 7
_ |
|
|
I

| e
mA iy ___ o

o

CIRCUIT OF BATTERY-OPERATED INSTRUMENT

FIGURE 2.




Fig. 3

HOT WIRE
INSTRUMENT

A.C. OPERATED
FIGURE 3

X 0

X0

Sg Sg

S7

ﬂ“ __.

R
Sa Ss Se

3
Sp S3




|

NACA TN No. 990

-105-30
S4
-150-30

VWWW '
VR
——o
VR
Q

1Cg

2

R

VR-150-30
l

FIGURE 4.— CIRCUIT OF POWER PACKS FOR A.C. SUPPLIED INSTRUMENT.



1] [ LJJILIILFJIU
MAXIMUM OPERATING VELOCITY OF HOT WIRES
\
6 raag G N EQUAT:ON
= + <= = 23 (&
- Ve Yeg S- 2 2
B NS
8 e o i%o PLOTTED FOR ¢ = 1.0 .
\\ ™~ | <t 0\ Q. = .00238 LB.SEC.
e N o 55 FT.*
\ \ N,\Ooo 8 TS— = |00
N N/ = N
N (2 .| WHERE S=SAG OF WIRE
2_3 \\ . \'\oo \ = <
2 \ il 8 P N e
= _i &olo \ B
= 2 4‘3% B TN
S Nle e S ™ \
g e o sl Pl i
; N Io_'o < 3 \ g
—Q oo ¢ \\ \\\
e 8
s_g XSQW I~ .
.._.9 2 \\
9 S ~
[z ==
4 B e N
el o
~< e~
\\
\\; -
N
2 \
\\
\\
10 LENGTH/DIAMETER RATIO OF HOT WIRE JF'IGURE j B
10 - * 6 100 =

4 6 I,OOO 2 4

066 ON NL1 VOWN



NAGA TN No. 990 Figs. 6,8

-

-

PERMANENT
Pl
/ -

== -
-
o
-

()
Vv~ VELOCITYZ

DEVIATION FROM KING'S EQUATION
AS A RESULT OF STRAIN SENSITIVITY

FIGURE 6

35457 F3U%s JaRsa BIaax &S

f

HOT WIRE HOLDER FOR TUNGSTEN WIRE

.FIGURE 8



METHOD OF MOUNTING TUONGSTEN WIRE

HOT WIRE

SCOTCH TAPE

(Q) HOT W IRE PREPARED
FOR ELECTROPLATING

i

=
.090 STEEL TURBING |

(CI) MOUNTED TUNGSTEN HOT WIRE,
AFTER SOLDERING.

=
= >
@
>
PINCERS MUST MAKE
GOOD ELECTRICAL =4
CONNECTION TO <
HOT WIRE ON BOTH 2
SIDES FOLDED PAPER .O
HOT WIRE O
©
O
RHODIVUM BATH
PLATINUM
~ ELECTRODE
() ELECTROPLATING
U-SHARED PLATED TUNGSTEN
COPPER WIRE T _WIRE
NOTCHES FOR j : HoLLOW PRONG
|
TUNGSTEN WIRE |, | THIN BRASS
: . : TUBING
| | rd/
I
T
I |
tod 2
L
=
(c) E XPLODED MAGNIFIED VIEW OF ~

CONNECTION TO PRONG
Figure 7.




Figs. 9,10

10 7i

"0'-"#———‘—‘-—_—_-—_-_—.
——-""—'_

_

ol

N
(o]

NACA TN No. 990

o

(jouolsuawipuou )
€21,

300 400
VELOCITY, FT/SEC.

200

100

STATIC RESPONSE CHARACTERISTICS OF HOT WIRES

AT CONSTANT RESISTANCE OPERATION

FIGURE 9

——

5

HOT WIRE

ELECTRICAL EQUIVALENT OF THE

10

FIGURE



NACA TN No. 990
LEGEND

Curve (a), for Pt wire at 5000 cycles, 1/4 =
.00085 cm dia

Fig. 11
2540,

Qurve (b), for Pt wire at 10000 cycles, 1/4 = 23540,

.00025 cm dia

Curve (c), for W wire at 5000 cycles, 1/d = 1040,

.00061 cm dia
Curve (d), for W wire at 10000 cycles, 1/d =
.00061 cm dia
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Upper limit for p' for 10 percent maximum noise in the
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NACA TN No. 990 Figs. 18,19

FIGURE 18.- OSCILLOGRAPH OF SQUARE
WAVE CALIBRATION.

FIGURE 19.- INSTANTANEOUS VELOCITY PROFILE.
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