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NOTATION

x = distance from grid measured downstream along the tunnel.

¥,z = horizontal and vertical coordinates respectively.

U = mean air speed in x-direction.

u,v,w = instantaneous values of the x,y, and z components of
the fluctuating velocity.

Yar (& Voo

S = turbulence levels in the x, y and z directions.

ut,vt,w =Yar, \/;;, V> respectively.
R,S = correlation coefficients.

A = fR(y)dy = scale of turbulence.

M = mesh size of grid.

length of a hot-wire.

i

L
0l = angle between the wires of an X-type v'/U-meter.
X

]

correction factor by which the observed turbulence values

must be multiplied to correct for wire length.
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SUMMARY

The mean speed characteristics of several X-type v'/U-meters
having widely varied dimensions were measured in order to
vefify assumptions usually made regarding the range of linear
characteristics for meters of this type.

Using the same meters, and other meters with intermediate
sizes, values of v'/U were measured in the turbulent fields
behind three grids. Comparison of the results gave a qualitative
indication of the effect of meter size on turbulence measure-
ments.

A length correction for the X-type meters used was derived
snd the turbulence values corrected, with the result that all
meters gave approximately the same answers.

However, even aftei application of the length correction,
it was found that in the turbulent field behind grids (generally
assumed to be isotropic) v'/U was consistently lower than u'/U
at a given distance behind the grid. This result is the same

as that described by Corrsin in ref. (4) where no length correc-

tion was applied.



INTRODUCTION

The technique of measuring velocity fluctuations normal
to the direction of the mean velocity in turbulent flow has
never become standardized as has that used in the measurement
of the fluctuation component parallel to the mean velocity.

The techniques commonly employed make use of two general
phenomena. Oﬁe of these utilizes the diffusion of heat, and
applications of the method have been madé by Schubauer(l) and
Reichardt(z); the other depends on the sensitivity to angular
orientation of arrangements of two or more hot-wires,applications
having been made by Simmons(s) and by Dryden. Althoﬁgh several
arrangements of hot-wires have been proposed, the most common
type, and that used at the GALCIT, consists of two wires
'located in parallel planes parallel to the flow direction and
arranged in the form of an X. This type of v!/U-meter hés been
thought to give good results although @systematic investigation
of its characteristics has never been made. The present report
describes the results'of~suchran investigation.

The chief stiﬁulus for undertaking the investigation at-
this time is to be found in the results obtained by Stanley
Corrsin(4) during his measurements of the decay of turbulence
behind members of s family of similar grids. It is known that
the turbulence becomes uniform downstream from a regular grid
placed in a uniform airstream, end it has generally been assumed
that this turbulence is isotropic. Further, the isotropy has
been checked by means of a few (unpublished) measurements

of u'/U and v'/U by H. L. Dryden's group and Carl Thiele using
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hot-wires, by Dryden, Schubauer, and Mock (ref. 6, Fig. 9)
using the thermal diffusion method, and by D. C. MacPhailld)
using an indirect method. However, Corrsin found that for every
grid he tested, and at all wind speeds, the u'/U level Was
consistently higher than the v'/U level at all poiﬁts downs tream
from the grids. No explanation for the difference was found,
and it was concluded that the result should be régarded cautiously
in §iew of the strong experimental evidence for isotropy which
had already been collected.

" However, because of ihé consistency of Corrsin's results
there seemed to be only two possibilities: either that the
turbulence was in fact not isotropic or that the v'/U-meters
used had inherent ch;racteristics which led to incorrect
results. For exaﬁple it could be seen that a length corréction
applied to the v'/U data would at least lessen the discrepency,
but no such correction had been worked out.

In view of these results it seemed desirable to make a
careful examination of the characteristics of the X-type meters
used by Corrsin. The prbblem,was‘approached along two lines--
experimental and theoretical. Experimentally it was hoped to
determine the effects of varying the wire lengths while main-
taining the angle between them constant, and of varying the
angle‘between wires of the same length. It was also expected
that some idea might be gained as to how serious might be the
effects of lack of symmetry in the meters, and of misalignment
to the mean flow. The theoretical approach to the problem
seemed to lead immediately to the computation of a length
correction for v'/U-meters similar to that for u'/U-meters

worked out by Skramstad(e).

The experimental investigation divided itself roughly
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into two parts. The first involved an investigation into the
mean speed characteristics of X-type meters having various
dimensions. This was important since the measurements involved
are the same as those necessary to calibrate a meter to be
used for measuring v'/U, and because it was desired to know
the range in which the assumption of linear characteristics
is valid. The second part of the experimental investigation
had to do with the measurements of turbulence behind the various
grids, and the application of the length correction worked out

in another section of this report.



DESCRIPTION OF EQUIPMENT; EXPERIMENTAL PROCEDURE

The mean speed characteristics of meters of the type described
above were investigated with the aid of two free jets, one of
three inches diameter having fairly low speed and the other s
higher speed jet with a diameter of about one inch. The v!'/U-
meters were initially aligned as nearly as possible with the
axis of the jet, and méasurements of the difference in the
vqltage drops across the separate wires were made over a wide
range of angles of yaw. This step establishes the sensitivity
Iof the meter to angular orientation and hence to lateral
fluctuations in velocity. A meter to be used for measuring
the direction of an unknown flow ﬁould be calibrated in exactly
the same way. At the suggestion of a local aircraft manufacturer
desiring a simple yet sensitive yaw meter for use in flight
testing, a meter was calibrated in the high speed jet using
only a Wheatstone bridge and a ruggedly built galvanometer.
These data are included here only to show the effect of mean
speed on the v'/U-meter calibration.

The wind tunnel used for the turbulence measurements was
of the Eiffel type with & sixteen to one contraction ratio
and a ﬁorking section twenty inches square and twelve feet
long. The air enters through a cheesecloth screen backed up
by a honey-comb of one-half inch cells. Further downstream
is located a seamless precision screen which reduces the
free stream turbulence level in the working section'to
about 0.06 perceﬁt. The tunnel is identical with that described

in ref. (4) where more details are given. The principal

dimensions of the tunnel are giveﬁ on Fig.l1ll,
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The grids used were all of the bi-plane type with the
horizontal and vertical rods merely in contact. The grids all
had the same rod diameter to mesh size ratio. Further details
may be found in ref. (4).

All turbulence measuring instruments were built of
Wollastoﬁ platinum wire 0,00024 inches in diameter. The silver
was etched off before soldering the wires to the sewing needle
spindles of the hot-wire holders. Only one wire, about 0.0%7
inches long, was used for the u'/U measurements. The v'/ﬁ—ﬁeters
used were all of fhe bi-plane X-type; their dimensions are.
given in Table I below.

Table T

Dimensions of v'/U-Meters Investigated

Meter Wire length, L Angle between wires,
number (inches) - (degrees)

1 0.14 45

2 0.34 40

3 0.53 40

4 ' 0.04 80

5 0.11 100

6 0.45 ' 100

Detailed descriptions of hot-wire equipment and the
principles upon which it.operates can be found in the technical
literature, for example ref. (7). Constant curfent methods
were used throughout this investigation. The heating circuits
used included large chokes which reduced current fluctuations
to a minimum. The amplifier had correct characteristics to
within * 3 percent over a frequency range from a few to about

9000 cycles per second. Output readings were taken on a wall

galvanometer having a period of about twenty seconds and a
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full scale deflection of twenty centimeters. The noise level
was negligible at the amplification used in measuring turbulence
behindtthe grids but it is certainly appreciable at the
amplification necessary to measure free stream turbulence. All
instruments were calibrated both for sensitivity and the time-
constant, no use being made of average values of the latter

as in ref. (4). All turbulence measurements were made at a

mean speed of 35 ft/sec (10.7 m/sec).
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EXPERIMENTAL RESULTS

The experimental results are‘summarized in Table IXI, page 12,
and on Figs.l-4 at the end of the report. Since the investigation
was concerned primarily with the characteristics of the X-type
meters important calibration quantities and the length correction
for each meter, as well as the corrected and uncorrected values
of v'/U, are included in Table II. The table is divided into
three parts each containing the results obtained behind a
particular grid. The values éf x/M, A, and u'/U, for comparison
with the v'/U values given, are indicated for each grid. The
values in parentheses are}corresponding values taken from
ref. (4), and serve tovindicate the degree to which the present
results check those of that investigation. The values of'ﬁ% used
were taken from data obtained by Stanley Corrsin at the GALCIT
during the summer of 1942 as an extension of his work in ref. (4).

Fig.4 has been prepared from Table II to simplify the comp-
arison of turbulence values obtained using one meter with
corresponding values obtained using another. Discussion of
this figure is reserved for a later section following the de-
scription of the 1ehgth correction. |

Figs.l and 2 show the results of mean speed calibrations
made for meters number 1,5;5, and 6. On Fig.1l are shown two
calibrations for the same meter made about two weeks épart.
It is apparent that the general characteristics of the meter
remainvunchanged aithough the sensitivity is slightly different.
This indicates the reason for making a new calibration each

such a meter is used. It is to be noted in comnnection with
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these figures that unless the meter is perfectly symmetrical
and is exactly aligned‘with the mean flow direction the voltage
difference will not be zZero at zero yaw. Since these conditions
occur only rarely it has been necessary for easy comparison
to shift the curves along the vertical axis until they pass
through the origin,

Fig.3 contains the results of the calibration of a yaw
meter similar to v'/U-meter number 5. It is seen that the
sensitivity of such a meter depends on the mean speed and
decreases with increasing speed. This characteristic is due
chiefly to the fact that the cooling is proportional to the
square-root of the velocity, but also results from lack of
symmetry in the meter. It shows that a v'/U-meter is more or
less sensitive to u'/U fluctuations as well. The use of such
an instrument as a yaw meter where varying speed conditions
must be met would appear to be limited due to the rather
elaborate calibration required and the ease with which the wires
may be broken, in the event of wﬁich a completely new calib-
ration is necessary.

In connection with the turbulence measurements it is worth
mentioning that several points were checked for w'/U simply
by rotating the X-wires ninety degrees about the longitudinal
axis. No appreciable difference was found between v'!'/U and w'/U

values at the same point.
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LENGTH CORRECTION FOR X-TYPE v'/U-METERS

In the measurements of intensity of turbulence the
hot-wires used are usually sufficiently long so that velocity
fluctuations on one part of the wire are not completely
correlated with those on another part. In Part IV of N.A.C.A.
Technical Report 581 H.K. Skramstad hasbshown that the lack
of correlation causes the root-mean-square voltage fluctuation
across the wire to be reduced an amount that depends upon the
rate of falling off of correlation along the wire. In that
report Skramstad obtains a correction factor X, by which u'/U
values, measured by the usual method using a single wire, must
be multiplied in order to obtain the true values. In what
follows the attempt is méde to derive in a similar manner a
length correction factor K for X-type v'/U-meters.

Consider the afrangement of WiRE! WIRE 2
hot-wires shown in the sketch.

It is assumed that the meter is

symmetrical about the axes and

that it is perfectly aligned

with the mean velocity U. The
wires of length L carry a constant
current., In the equations which

follow lower-case subscripts

refer to wire 1; upper-case sub-

scripts refer to wire 2. : X

For the case of complete correlation of velocity fluctuations

at all points of the wires, the fluctuating output voltages
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are for wires 1 and 2 respectively,

e = (au + )L (1)
£, = (au -b~) L (2)
Here u and v are the fluctuating velocities, and a and b are
constants depending on the dimensions of the wires, their
orientation with respect to the mean velocity, their resistance
and temperature coefficient of resistance, the current through

the wires, the‘mean spéed U, and the amplification.

Subtracting eqn.(2) from eqn.(l) there results

e-£), = 26vL (2)

The output meter gives indications proportional to the

mean square of the output voltage given by
(e-£) = 4B L7 (4)

Now consider the case in which the wvelocity fluctuations
at various points along the wires are not completely correlated,
Divide the wire into segments of length L. The voltage droﬁv
in the ith element is

AE; = (ﬂa,; + bq);,;)AL,' (5)

and that in the Jih element is

AL, s (au, - bvy) oL, (6)

The total voltage drop in wire 1 is

e = i—(a@- +thvy) oLy (7)

and in wire 2 it is

E:Z&(Q“J“AW)ALJ (8)
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The voltage difference is

e 5) Z(au +b4/1)AL,¢ - Zz(aa‘,— va)ALJ (9)

YLV
Since all the L's are the same the subscripts on this
quantity may be omitted. In what follows mean values are under-
stood, but the bars are omitted fdr convenience,

From eqn.(9)

) = ﬂZ(“@*b”] “QZWﬂ%*?W)Z(ﬂ% b)

(e-

+[Zf(au‘,wbw)]s}éﬁ | (10)

The first term here can be written in the form
n »
2 .
[Z_ (ﬂu + b ALJ Z, Z/(aai+bq?)<ai{t. +b4{/--)aL (ll)

Expanding the right hand side, and omitting terms involving
cross-products of u and v which are zero for zero turbulent
shear (this conditioh is fulfilled if isotropy prevails)
» R R . A
[Z(m +bw)AL] ?/— Z_/ (dasu + by ) O (12)
£/ 4 /

Similarly the second and third terms of eqn.(10) become,

respectively,
2 X .
_;Z(au,mbv/ ALZ(ﬁuJ by)al = =27 P (ucu «, é—u:-ﬂg)AL" (13)
TN
" ¥ N ) L)_ i
[ Fan-bmfar] = 2 2 (@i TH ) (14)
J=1

The correlation coefficient R between any two velocity

fluctuations u, and u, 1is defined as

————

R = Gr 2a (15)

w} “w;
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and similarly for velocity fluctuations v, and v, . Since the

mean square of the velocity fluctuations along a wire is constant

A

(16)

“; uj sut iy uriey = a4 Ry Ui Ky =
(17)
- 1' N
Areaps T VLSA‘;‘ —1/'1-—1)"‘/ =’(/"L_§f‘/. ’qu'/:j- A \-S\A‘J
“

where R denotes a correlation coefficient between u velocity
fluctuations, and S denotes a correlation coefficient between
v velocity fluctuations.

Substituting expressions (17) into egns.(12), (13), end (14),

and these back into eqn.(10) it is found that

" o LA
PR > S5 . 2 LIJI
(@*E)Z = ax {é/ ;/@} ALYt }2_/ ,/Zf/ Kry &4

o . __’,"_2"‘_’.5 ALZ}
tbuT 5% /Z_; \S;%AL. + IZ'/_ < rJ
IR 2
—;a‘u‘f_l‘ E_M’?A}/ALl+ 2 %SN “r (18)

S oo

If it is now assumed that the correlation between the
velocity fluctuations at two points is a function only of the
distance between the points, eqn.(18) can be shortened somewhat
since

/?w; = /?IJ

(19)

\S:oJ = 511/

Consider now a single term of eqn.(18), namely,
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A=/ / /

2 o
S 7 Rysl = 3 5 Ry sbisly |
= A7 7
p (20)
Skramstad shows that the correlation'coefficient R,-f‘ may be |
quite accurately represented by
Az =laL
.= & 7 (21)
S
where £ = the base of natural logarithms
|-+l oL = the absolute value of the distance between the

ith and jth elements "

[}

/A = the scale of the turbulence (A:fR(y)dy)
A similar expression is assumed to hold for S.; . Using eqn.(21)

the term considered in expression (20) becomes

oo . L2 FdlaL
O D Rypolt = ATp 2 £ T A&
oy /1 A =t
A= g /
; ) n Zj - ( ;;,1/“ al
= 2.1 Z_ L = (22)
/:/ _,4‘:0
A AL
zan’ o f ééfd;‘%x“
P A'=0
LN WA &4 .
SV P (23)
2/ Y7
/
where
' AL
D= A (24)

The sum of a geometric series is known to be

-l . k ne n)
s » 2 = A
az——.o}’“"=a+ar+ or +----Ar = /(_,n (25)
- A=

and from this it is easy to show that

< Sl
ap r* = g { :/ -/ +r”z (26)
A=t -
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Using egn.(25) in eqn.(23)

S ‘ A=)
Z_ Z__ ﬁ/‘.‘ ALL = JAL).’ZZ/E\)/ (= & .
ST g 'z =, /- &7 (27)
/
20> SE -2 )
= /j}ﬁczu {5 s g
/2/ /
PONLE N G P »} 2AL A
ST 4 e (- Gy g (28)

Now using eqn.(26) in eqn.(28)

25 {4 T V)

wo_x
> ﬁ’ YA
%.;. (t‘ ») e
—24L
;‘A(/ — Z_ AL (29)
Y
2oLt (- <€ e ) 2at “
:(/_cf.h)L f (/- £) (1=« 'Z 52('/—5/\)44__(-/ 4l (30)
_2al” LoV 2ot 5" L 31
....(’- g\f\)l gz(l‘fh)élé ( )
Now consider
g Ay
AL - /&W‘J L

7

ALl—o [/ -&?

Using the series

2
X - —— o~ -
cg‘x:/+7(*,1/+3/+
AL Al
—_— = - - -/ o
ar = AL _ At . (32)
/- &£ A /=1 A 2.

where terms involving aAl*, a¢?, etc. have been dropped.

Similarly
AL - AL AL
Tat,  aky at FZa =
S = I~ a) PR _/:L’:,_ALL e ) - 24E yaL*
(1~ 1+ 352 s >~ I

(33)
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Substituting the results given by eqns.(32) and (33)
into eqn.(31)

)
2 2 Koy o®

PRy /':/

2 -7 & ~A) L
2(-A) e £ -2 (

t

24 54—§ )+
- A (34)

Eqn.(34) gives the final expression for terms having the

) n xn
form of & 2. Eﬂ; oL* . This is identical with the result

/t‘;/ /':/
obtained by Skramstad using a somewhat different method.

n
Now terms of the form ¢ 2 K.y AL" must be considered.

=/ EY:
Choose coordinates qL and pL along the WIRE) WiRE 2
wires as indicated in the sketch, and ,u\\ 2L
7L
assume as before that //
Rio= < (35)
Then
N - L

h N 1o 2\ A A‘él

>k a2 2 Taryt) (50

W IR “ )

Considering the wires to be in the same plane, that is
neglecting the separation of the wires in the direction normal
to the plane of the sketch, the distance between any two points

may be expressea by the cosine law as

)t - a(5 A5 gl X

(1) = (5-7) + (5 o
Hence i
. y 1 L. é‘ )C‘Q'”(];I
2 X S 5 ! *[Lé[(évﬁ) +( 3 j) 2(4 /7’)( J
F Reyatre 1 fy [E I

LT

~
~

v

Returning to ean.(18) and using the simplification

expressed in (19)



2 X . L 5T
+;zb‘/w{2_ A SN“”}

/“;/ /-:/ (39)
The correction factor sought is given by
x (e"[:)'l
/V - (e-E)" (40)
where K is the correcfion factor.
Substituting
K = Y T
20 55 S R ar -2 R LL} 2 b 5057 >
{é%/ iZ & g/ i, 0o + 2 b5 {;/f Si; oL
+f£54'J0LL} (41)
LAY~

To simplify this and enable one to write the result more

compactly note that these terms may be written
1]

n A 5 7
J 2Ry olr = 202 Sy oL =4
. ; / }':/

« =/ A

(1)

/ AT

*‘M -
Riy ot = 2 2 Sy act =L

=/ PR A

{\’{k
f\/[{

\,
g
«

Note that I, and I ; are given by eqns.(34) and (38)

respectively.
The expression for K? becomes
2/t
26V _ (43)
ﬂ'Lﬂl(.Z; ”-Z}) + b/‘UhL([I +rz,)

K?=

A form in which all terms are dimensionless is obtained
_ Lo,
by multiplying numerator and denominator by za* . To permit

numerical calculations the turbulence is assumed isotropic

so that u*= v*



Nif - ?%;
s a*(Ji=J) + b (J +J:) | (44)
where, using eqns.(34) and (38) respectively,
Ji = {g -1+ A} -
| AR ) ah AG -p)cos]”
A i ad’f,,/f o A7 (46)

. . . . 2 "
The calculations are carried out more easily if X is

written finally in the form

L2
__Ar
\7; +\72. /{IL
K= - = (47)
o (Ji=Jx) |+ Al (7= 7<)
b (3, +7.) b* (7, +7.)

The ratio %% is easily obtained. Consider a hot-wire

at an angle to the mean velocity as e

in the sketch. Due to the v fluctuations v
the component of velocity normal to 'I‘lu///
the wire is increased by the amount /N

v cos A/2, and due to the u fluctuat- /,” <
ions it is increased by the amount !

u sin */2. The voltage fluctuation
in the wire was taken as e = au +bv. Hence a is proportional
to sin /2, and b is related to cos«/2 by the same proportion-

ality constant. Hence

K7*= : (48)

| (Jwg‘)l (J, - T.)

where Cos g (7, +7.)
W (49)
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The quantities J, and J. are given by eqns.(45) and (46).

In calculations of intensity of turbulence the square-root
of the output meter reading enters as a multiplying factor.
Hence to obtain the true value for the'intensity, the measured
value must be multiplied by the factor K given by eqn.(48).

The calculation of K from eqn.(48) offers rather consider-
able difficulties due to the integral % . This integral cannot
be evaluated in terms of elementary functions so that graphical
methods were resorted to. The large amount of labor involved
in this undertaking, and the limited time available, prevented
the calculation of as many points as might be desirable, but
a sufficient number was computed so that, as a result of care-
ful fairing, the curves of K vs. 1/Aa for constant & shown
on Fig.5 are felt to represent eqn.(48) with accuracy sufficient
for all practical purposes.

Details of the calculation procedure, and sample calculations,

will be found in the Appendix.
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DISCUSSION

The most important results of this investigation are to
be found in Fig.4. Here are plotted the v'/U values obtained
with the several v'/U-meters used together with the values of
u'/U. Note that three sets of v'/U values are plotted, namely,
uncorrected values, values corrected for the u'/U sensitivity#
of the meter, and final values corrected both for u'/U
sensitivity and for wire length using the correction factor X
~given in Figlﬁ. Since all measurements were made at the same
distance behind the grids, but using three different grid sizes,
three distinct turbulence levels appear. For each grid points
corresponding to the same approximation to v'/U are connected
with straight lines in order to aid the eye and better enable
one to see the data as a whole. The shapes of the curves are
of no significance except in so far as they represent the

pattern of the points obtained with different meters. The u'/U

# Perhaps it should be pointed out explicitly that a
v'/U-meter's sensitivity to u'/U has two sources., First of all
there is the sensitivity to mean speed variation resulting from
the unsymmetry of the ﬁeter. It is the correction for this lack
of symmetry that is referred to here. Secondly there is the
sensitivity to u'/U whiéh even a symmetrical meter would have
due to the lack’of complete correlation between all elements

of the wires. This latter correction is included in the length

correction factor K.
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turbulence levels behind the grids are indicated by horizontal
lines. |
This method of representing the data is convenient for the
following reason. It is assumed that the correction to be
applied due to u'/U sensitivity is valid, and there seemé to
be no question of this. If the length correction derived in
the preceeding section is correct one should expect to obtain
a horizontal line representing the final corrected values of
v'/U since one purpose of the correction is to com@ensate
for differences in meter dimensions. In other words the dashed
lines in Fig.4 should be horizontal, while the solid lines
may show deviations due to the fact that they represent
uncorrected results. Further, if the turbulence is isotropic
behind the grids the dashed lines representing the final
corrected values should be the same as the lines indicating
the u'/U levels.
Omitting for the moment consideration of the data for
the 1" grid, it can be seen from Fig.4 that the application
of the 1ehgth correction to the v'/U values does indeed reduce
the variation from the mean value. Some variation remains,
but it should be pointed out that the range of meter dimensions
is very large leading to correction factors K all the way from
about 1.03 for the smallest meter to 1.94 for the largest.
With a variation in K of almost 100% while the maximum deviation
from the mean value of v'/U is not more than about 10%‘it would
seem that the correction factor is not far from correct.
The turbulence level measured behind the one-inch grid
is somewhat higher than that measured by Corrsin in ref.(4).

This is not considered of much importance since the measurements
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were made at a value of x/M =20 where the slope of the decay
curve is very steep. For this same reason the data are not
considered to be too reliable and it is believed that they
must contain a large amount of experimental scatter. However,
the general results described in the preceeding paragraph
still appear.

The general conclusion at this point is that in a given
turbulent field the value of v'/U measured will not depend to
a lérge extent upon the meter used if the corrections for its
u'/U sensitivity and length are appliéd. (This of course is
assumed to be true for u'/U measurements) However, even with
the length correction the result is found, confirming Corrsin's
measurements described in ref. (4), that v'/U is less than
u'/U behind the grids. On Figs.6 and 7 are shown u'/U decay
curves taken from Fig.5 of ref. (4), and v'/U decay curves
corrected for u'/U sensitivity, but not for length, taken from
Figs. 7 and 8 of that reference. The length correction derived
in the preceeding section has been applied to the uncorrected
v'/U curves and the corrected curves are indicated by dashed
lines. It is apparentqm;ven with the length correction u'/U
is higher than v'/U. If the final decay curves are plotted on
logarithmic paper, straight lines result. This has done on
Fig.8. Here it can be seen that behind the 1* grid the
turbulence is tending toward isotropy, the expected result
occuring where the lines interéect almost 1000 mesh lengths
downstream from the grid. The turbulence behind the 4% grid
seems also to be tending toward isotropy though at a much slower
rate than that behind the 1" grid.

The present writer is not qualified to argue the question
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of whether or not the turbulence behind a grid is isotropic.

A strong experimental group, as mentioned previously, has
checked the isotropy using the heat diffusion and indirect
methods. So far as is known the only attempt to check it
directly using hot-wires was that of Dryden and Thiele at the
GALCIT in 1940 in which isotropy was found to prevail behind
the single grid used. What has been done concerning length correct-
ions for v'/ﬁ-meters is not known, although the matter does
not appear to have réceived much attention.‘This is suprising
in view of the rather large correction indicated by the
analysis in this report. For a u'/U-meter and a v'/U-meter
having wires of the same 1ength.the correction for the v!'/U-
meter will be slightly larger, and willkdepend on the angle
between the wires. In practice the corrections for v!'/U-meters
will usually be larger than those for u'/U-meters for the reason
that it is difficult to build v'/U-meters having wires as
short as the wire of an average u'/U-meter. Schubauer's heat
diffusion mefhod is, according to G. I. Taylor(a), open to
criticism, but it has been extensively used. At the same time
it should be true that any arrangement of hot-wires having
linear characteristics with respect to angular orientation
should be suitable for measuring v'/U.

That the X-type meter used in these investigations does
have linear characteristics is shown by Figs.l and 2. It may
be seen that as the angle of yaw nears the half angle of the
meter (i.e. dn/2) the sensitivity increases, but that over a
considerable range the calibration curve is quite straight.

Of course, if the meter were to be used in a situation in

which the amplitude of some of the velocity fluctuations was
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so large that the meter worked at times on that part of the
calibration curve beyond the peak, the average difference in

the voltage drops of the wires would be decreased and the turbu-
lence value measured would be too low. However, this is not
thought to be the explanation for the results descibed here.

One might summarize this discussion by sayiﬁg that with
the application of the length correction, shown to be at least
approximately correct since with it all meters give the same
answer, to Gorrsin's(4) resulté and those obtained in the
present investigation, all loop-holes in the GALCIT measurements
seem to have been closed. Still the isotropy behind regular
grids, so generally believed to exist, is not confirmed, No
explanation is offered since none is kncﬁn. One can only point
out that the problem appears to be a very interesting one, and
one deserving further and careful investigation. Having now
established the fact that X-type meters may be counted upon
for consistent results if all the corrections are applied,
the next step would seem to be to measure v'/U in a given
turbulent field using X-type meters, the thermal diffusion
method of Schubauer(l), and the method described by Reichardt

in ref. (2), and to compare these results.



CONCLUSIONS

The most important conclusions reached in the present
investigation are listed below.

1) The length correction for an X-type v'/U-meter is
quite appreciable, and will usually be larger than the
corresponding correction for a u'/U meter since the difficulty
of building an X-type meter results in the use of longer wires
than commonly found in a u'/U-meter.

2) The length correction for v'/U meters derived here is
thought to be approximately correct since by its use all
meters of a group having widely varying‘dimensions are found
to give nearly the same results.

3) The X-type meters with which the experimental part
of this investigation was chiefly concerned are shown to have
linear characteristics over a range more than sufficient for

normal turbulence measurements.

4) The isotropy of turbulence behind a regular grid is

not verified, although there is ingsufficient evidence to

say ﬁhat it is disproved.
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APPENDIX-- Sample Calculations of Length Correction Factor XK.
The numerical evaluation of the length correction factor

K involves the calculation of the quantities J, and J, .
The first of these offers no difficulty. However, since the
integral J, cannot be evaluated analytically graphical methods
must be resorted to. Since the integral is a doﬁble one the
process is an exceptionally tedious one. The main steps involved
are outlined very briefly in the next paragraph.

’ The first step is to prepare, for a given wire angle ¢ ,
a table of values of[(ﬁ"/’)1 + (ﬁ*’;)"- 2(4-7)(% 7)@5"(]% 1iké the
sample shown on the next page. Then for a given value of

one may plot curves ofcr alcsz” ra d(lyj)ﬂ ﬂ @:o(]* vS. P
for constant values of q. The result is a family of curves

like that at the bottom of Fig.9. Fortunately symmetry makes

it necessary to plot only one-half of fthe éomplete family. The
area under each of these curves is then measured with a plan-
imeter, or equivalent means, and these in turn plotted
against q as shown at the top of Fig.{g.‘ The area under this
last named curve is proportional to the value of the integral

It is necessary to repeat these steps for every pair of values

of & and ;—‘i— for which the correction factor is desired.



q O
. 382

otd

.1 .356
.558
. 586
.435

. 576
.657

2

3

4

.5 .500
6

7

8 .744
)

Values of [(‘;-/’)Lv‘(ﬁ‘j)"*-?(ﬁ“/’)(ﬁ “7) cos O(]Ji

o = ys5°

.1
.556
. 306

.283

. 356
.400
.476
.560
.649
. 740
. 854

., 558

. 230
212
.24l

. 300

.37
.464
.555
.649
. 745

3 .4
.386 435
.295 .336
.212 .241
11527148
.148 .077
.200 .100
.280 .184
370 .280
464 .37
.560 .476
.657 .576

.5
.500
.400
.300
.00
.100

0
.100
.200
300
.400

.500

.6
.076
.476
LO77
.280
.148
.100
077
.148
.241
. 356
.435

.7
.657

.560

.464
.370
.280
. 200
.148
.152
.212
.295
. 586

.8
745
.649
.555
464
.37
.300
.241
.212
.230
.283
.358

.9
.834
. 740
.649
.560

-476

.400
.536
.295
.283
. 306
. 556

1.0
.925
.834
.744
.657
.67
.500
.435
. 386
.558
.356
. 582
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