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It is the purpove of this papor to zressnt the results
of some ifnmvestigations of turbwlent flow in straighit cir-
culur fubes, conducted at the suggestion of Dr, The von
Kérm&n,‘anﬁ t> give & detailed description of the method
of using tlie hot-wire anemonmeter to measure Tluetngtions
of the zir velocity in a directicn parallel to the nezn flow.

In 1930, Dr. von Earmam published s theory for
fully developed turbulent flew in which he shewed, theser-
etically, that there iz a constant correlation “etween
u' and v', the fluetuations {n welncity parallel =nd perw
pendisular, respectively, te the nean flow. This is

expreasged by the relation

—, .
.Y » A constent
ute fyis

Investigations of Wattendorf ond Kuethe (Ref. 3) showed
that ia & deey channel, the flow in which was essentially
two diuensional, the distribulion of a'? ac-oss the chfannel
was a straight line except at the reglons near the wall or
at ﬁha center of the channel. This is #owm in Fig. 14.

It is knowm thei the term t'v'® ulso has & straight line
distribution, because it is prepertionzl to the shearing
stress. Therefore the resulis of Wattendosrf and Kaethe
show that E?;ﬂqygﬁaais given as a straight line across
the channel. This result might be expected if there was

cerrelation between u? and v'.
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This fact does not prove that Karmén's correlation
theory is true. It does, however, indicate that it is
probable the correlation exists. Absolute proof will
have to wait upon measurements of v' which are now in
progress &t the Guggenheim Aeronautics laboratory of
the California Institute of Technology, referred to
hereinafter as GALCIT,

The work outlined in this paper is an attempt to
extend the measurement of u® to a siraight circular
tube, the flow in which is fully developed turbulence.
It will be seen that the flow in a tube Is three dim-
ensional. A glance a2t Figure 13 tells the story. The
distribution of u'? is seen to approach a straight
line, but not as closely as did the distribution in

the channel.
The theory involved in the recurding of turbulent

fluctuationg in an air stream by means of the hot~wire
anemometer has been fully covered in references 1, 2,

35, and 4, and will not be repeated hera.
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SUMMARY OF THE EXPERIMENTS

The first measurements were taken on a straight
tube 38 centimeters in diameter at a point approximately
875 centimeters from the entrance with an air speed
of about 3000 centimeters per second st the center of
the tube. The entPance was sharp., The tunnel is the
same as that described in reference 5. The distribution
of u'2 in this tunnel is shown in figure 11. The points
shown are averages over & number of runs at different
times. The straight line distribution is not evident.
The length diameter ratioc of this tube was only 23, so
it was suspected that the flow was not fully developed.

Therefore an extension was put on this original
tunnel. Ho other alterations were made. The working
section was now about 1180 centimeters from the entrance,
giving a length~diameter ratio of 31. The results in
this tube, shown in figure 12, are very little nearer
the looked-for straight line distribution than were
those for the original tunnel. There were still two
chances to get the desired result. First, it wae possible
that we still did not have fully develop d turbulent
flow. Kirmen's universal veloeity distribution curve
was plotted, and the experimental points also plotted.
The result is shown in figure 16, The fair agreement
of the experimental points with the theoretical curve
indicated that we had fully developed flow. Comparison



b

with figure 15 shows the improvemeni in developement of
the flow caused by the extension of the tunnel length.
The hot-wire set was designed to amplify equally
any freguencies between 50 and fébo cycles per second.
It was felt that in the large tube, the frwqueney nmight
have been B0 low that many of the ocscillations ere
unanmplified by the set. Hence o determination of the
effective frequency of oseillation was made, and it was
found that the major oscillatiens had z frequency be-
low 50 cycles per second. Sinece the frequency of turb-
ulent oscillations is roughly proportional to the diameter
of the tube, the solution was to go to & smaller sized
tube. This also permitted the use of & much laurger
length diameter ratio in the same confines of space..
Therefore the third tunnel was constructed. It had
& diameter, inside, of 1l1.5 centimeters, and memsurements
were taken at a seetion 600 centimeters from the sharp
entrance, giving a length-dlameter ratic of 52, lsasure-
ments were taken at about the sawe gpeed as in the first
two tunnels, and the result is plotted in figure 13,
This shows much nearer the atraight}liae distribution
of u'® than either of the two previous tunnels.
Unfortunately, a peculiar rescnance effect'a;t into
this tunnel, and, coupled with lack of time, prevented

8 more comprehensive series of tests eon it.
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APPARATUS

The most important unit of the apparatus was, of
course, the hot-wire anemometer, This has been fully
described in referemces 3 and 4. The detailed use of
the outfit will be explained in detail in a later section
of this paper. ‘

Three wind tumnels were used, all of them of cire-
eular cross~-section, The first was the same tunnel as
used and fully desceribed in reference 5. The second
tunnel was the same as the first with an extension
of approximately 300 centimeters sttached to the entrance
end, The third tunnel wae made from & drawn steel tube
with a length of 600 centimeters from measuring section
to the entrance, and 11.5 centimeters inside diameter.
ihiz third tunnel is shown in figure 23.

The velocities were measured by means of a total
pressure orifice gset in the wind stiresx and a static
pressure orifice flush with the wall at the same dist-
ance from the entrance of the tube., These two orificies
were connected differentially te a micro-manometier,
shown in figure 24.

The power plant was the same on all three tumnels
useds It consisted of a two blade woeden propeller
designed for the purpose and run by a five horse power
induction motor. Speed control was obtained by controlling
simul taneously the frequency and voltage of the input
to the motor., The electrical system was not eantirely

independent of other power ocutlets in the laboratory,
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and so it was rother difficult te keep & comstant speed
in the tunnels,

USE OF THE HOT.WIRE ANEMOUETER

The GALCIT hot-wire anemometer was designed using
a compensated eirecuit developed by Dryden and Kuethe
at the Bureau of Standards. {See Hef. 1) A complete
description of the theory underlying the use of the
hot wire to measure tfurbulence is given in Ref. 4.

The notation whieh will be used in this paper is
as follows:

ut ¢ fluctuations in direction of mean flow.
e« maximum velocity at the measurement section.

Un,
i1 = current thru the wire.
R w resistance of the wire. (heated with current i)
B, = resistance of the wire vhen cold. e Fp et
ol w coefficient Af resistivity of the wire,
m z uness of the wire.
8 gz specific heat of the wire
U = the time constant of the wire.
Other temms will be defined as used.

We will now give the general procedure to be fall#wad
in finding the distribution of u' across a section. The
steps will be numbered, and the detalled methed of each

operation will be discussed later in this paper.



PROCEDURE IN HMAKING A u' TRANERSE:

1. ¥ake a velocity distribution survey across the
section. Also ealibrate the speed at the center of the
section against static head at the wsll of the tube.

2. Find B, by passing a very small curreant thru
the wire with the wind turned on.

3« Find the potentiometer battery veltage by come
parison with the standard cell. From this, compute the
gsetting of the leeds and Horthrup resistance box which
will result in the desired current thru the wire when
the potentiometer circuit is balanced.

4. Calibrate the amplifier by impressing a known
voltage and frequency across the Jot-wire temminagls of
the set,

Ha Hnke & static calibration of the wire using the
same heating current as will be used in the traverse.

This operation consisis of getting the wire resistance
at various speeda. Use is made of step 1 to get the
velocities from static head readings.

6. Hake the iraverse keeping the tunnel apeed the
same &8 it was when the velocity distribution was made.

a) Set the wire at required distance from the wall.
b) Check the heating current to safeguard the wire.
¢} Obtain bridge balance, and at the same time
keep the heating current at the desired value
by using the milliammeter in the hot wire cirecuit.
d) After balance is obtained, check the heating



eurrent by use of the potentiometer cireuit.

e) Caleulate ¥, the time constant.

f) Set compensation resistance box to (Ry~100)
where R, i{s the compensation resistance.

g) Read 12, and note the tap and hum.

E) Eecheck the current thru the wire.

1) Change the wire position and repeat.

7+ Check a few points on the static calibration. Also
check the amplifier calibration, and R,.

DETAILED DIRECTIONS

1. Yeloeity Travg:se,i

The preocedure used, as well as the calculations and
corrections, for finding the averaze velocity at & given
point in & wind stream has been given in cdeiril in Ref“5.
In hét-wire measurenmenis, there are two types of itraverses
Necessary. First is the velocity distribution. The tunnel
is run at the same speed as will be used in the turbulence
measurecenis. Second is the calibration of meximum velecity
against wall pressuve., A certzin static orifice in the wall
is chosen and used for all wvelcecity surveys. By keeping the
game head on this orifice during all runs, we are sure that
our speed is always constant. It has been found that eorr-
ections of the fluid demsity for atmoapheric conditions is
not necessary in conneetion with the measurement of ut', be-
cause the het-wire set is not accurate emuf to warrant gueh’ 

pains with the velocity measurements,



On the front left leg of the hot.wire get, just above
the lowest shelf, there is & doudble throw four pole switch.
This should be placed in the yp position to connect the
batteries te the warious circuit. Right near this switeh
s a little toggle switoch connected to ane of the battery
leads., When pushed baek, this switch introduces resistance
into the battery leads for the heating current so that
& very small current is passed thru the wire, just enuf
to allow the bridge circuit to give an accurate reading,
but not enuf to appreciably change the resistance of the
hot-wire by heating if the wind is turned on. This switech
ghould be throw back for finding Ry.

Figure 17 shows that the table top has two panels.
The top panel in the photograph is away from the operator,
the lower panel near to the operator. ¥irst, the hot wire
leads are comnected te the terminals labeled "hot wire®
in the figure 17. The far double throw double knife switch,
loe 24 should be in the neutral position. Its companien
switch, Hoe. 3, should be thrownm to the right. The first
toggle switch from tue lefi on the fur panel should be
thrown to the right. This spéds current into the wire.

The galvanometer is connected into the circuit by closing
switch Ho. 1 to the lefi, a8 shown #n ¥ig. 17. 4 balance
is obtained by adjusting the Decade Resistance Box, in
the lower left corner of the far panel, until closing

the galvanometer switch causes no defleotion of the

milli-voltmeter used as a galvanometer, shown in the
lower left cormer of Figure 17.
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The next step is to find the resistance of the
leada. This is done by short circuiting the hot wire
itself, and cutting out the resistance in the heating
cﬁrreﬂt line by moving the toggle switeh at the battery
conuection forward, and getting another bridie balance
in exactly the saae way as dagcribed above,

The bridge has been calibrated, and ite factor has
been found to be 9.71. This factor is used as follows.
Ween the reading of the Becade Resistance Box is divided
by the bridge fectorx) ihe true rezistance in ohms of
the circuitl external to the points A-A' is given. Then,
to finu the cold resisiance, Ry, we subtract from the
first éesistaﬂce oibtained in thiez step the resistance

of the leeds.

The general arrangement of the switches for this

operation is shown in Fig 19, with the circuit in Fig 20.
Switches 2 and 3 should be fu the neutral position. All
toggle awiiches should be in the off pesition. The

switeh 1 is then thrown to the righl. Bulance 1s ocbtained
by mesus of the L. and Y. Kesistance box (four dialj.

THE SWITCH Y¥o. 4 SHOULD BE DRITIOSLD ONLY FOR A VERY SBHORT
CTIHNE TO CuECK IHE GALVANCINIIR DEFLECTICH, The switch

Wo. 1 i3 kept closed as shown, and the switch 4 is used
only to elose the ecircuit to the galvanemeter. The

circuit in effect is & normael poteuntiometer eircuit
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where the voltage of the slandard ecell is made to
belance the drop across 1000 ohms plus the resistance
box caused by the potentiometsr battery, whose voltsge
is about 4volts, in series with 4000 ohms.

From the cireuit shown, we see that

éQQQ + F«Es+1000
1000 + Re3Be

Pot. Balt. Voltage » 1.01866 x

where 1.01865 is the voltage of the standard cell
and H.B., is the setting of the resistance box for balancce.
Under normal operating conditions, using the 4 volts
potentiometer battery, balance will be obtained at &
resistance box seiting of appmoxiuately 400.
How let %8 look at the blue print of the entire
eireuit, Figure 28. First, we will identify the switches.
Ewitﬁh,l is shown just te the left of the input transiormer.
Switeh 2 is shown just ﬁ%ﬂ%ﬁ the “input” ferminuis. Switeh 5
{s shown just below the bridge ecirecuit, and switch 4 just
abeve the bridge circuit. When using the potentiometer
ecireuit to measure the wire current, we have switch 4
thrown to the left, switeh 2 opem, switeh 3 to the left,
and balance by closing the gslvanometer switeh 1 to the
right. The cireuit i{n effect under these conditions
is shown at the right. Balancing ———J35QLL ol
the voltage drops in the two oo ( ““““““ r

ericuits, we see that

{ see next page)
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we have

1 x & e i
5000 +XR v

where 1 o setting of the resistance box.
i = current thru the 1 ohm resistance.
V = voltaze of the potentiometer battery,

It will be noted from Fig. 28 that the 1 ohns resistance
is one leg of the Theatstone Irideoe, arnd thet the current
theu it is the same as the current thbu the hot-wire,

Hence for a given current thru the wire, we havs,

. U
Res, Box. Setting » 200Xt
where { is now the current desired thru the wire, zand V

remains the potentiometier batiery wvolltage.

of the Amplifier

A complete meens of calibrating the amplifier has
been explained in Reference 4. This should be followed
only when a mejor change has been made in the emplifier,
such as the instaliation of new tubes or a change in
the circuit. Otherwise, for nermal operation, only the
amplification level will ahénge»frém day to day. The
characteristics will remain the aame. Taking advahtage
of this censtant characieristic, the following method
has been developed for £inding the amplification level.

The gein of the conpensated amplifier depends upen
the tine constant ¥ in an inverse proportion, After =
series of very vareful calidbrations, 1t wus found that
with ¥ = 12.9, the output meter read 20.7 when & frequency

of 200 cycles was impressed across the hot wire terminals
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with the bridge resistance anywhere in the normal operating
range and with the output of the oscillater at 5 wvelts,
Ea’ the compensation resistance, set at 1000 ohus, with
2900 ohms in series with the oseillator, snd a shunt of
0.856 ohns across the hiot wire terninsla.

Hence all we have to do to calibrote the amplifier
level is to inpose these sace conditions, Cur amplification
will then be given by the expreasion: |

) .
amplifieation = | o 5 1249
20,7 "

where 12 ias the reading of the gutput meter with the
attenuator dial set at station 1, end ¥ is the time
constant whiich is ealculated by the formula:

42 B B (R - Rﬁl

H -
1° Bp? £

The terms of the above expression were defined on page 6.

bration of Wire

For this test, we put the wire in the ecenter of the
tunnel where we know the relation between the veloeity
and the static pressure at the wall, Taking about ten
volnts on our speed range, we find the resistance of the
wire for each speed. The resistance is found by the
bridge circuit in the same manner as was done in finding
the codd resistance. But here we have the added conplication
of keeping the current thru the wire constant,-usually
at 0.16 amperes. Thiz iz donec as Tollows:

The Leeds and Horthrup Feaistance Zox is set at the

value determined in step 3, Beth the hot wire and the
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galvancometer are connected to their proper terminals.
The batiery switeh is throw on {up position) with the
resiatance cut out (forward positiom of toggle ewitch).
Set ihe bridge resistonce bex (Decade) at ahauf 60 ohus.
Clése toggle switeh below current wdjusting rheostais.
This cowpleten ihe cireult thru the wire, Leaving switeh 2
open, cloge switeh 5 to the right as shown in Fig. 17.
Throwing ewitech 4 to the left coapletes the circuit, Ve
next obtain g bualance by verying the bridge resistarce
vox until the gulvenometer showe no deflection vwhen switeh 1
is thrown to the left. Vhile the bridge resistance is
Leing adjusted, the curremt should be kept at the desired
value by use of ihe rheosiave and the milliaxzeter, Then,
s¥fer the Lridge hus been bulsnzced, throw switch 1 to
the right. If there is no defleetion, the suwrrent thru
the 7ire 1s exactly st the value for which the L. wnd H.
recistance box nes been set. I bere is a detflection,
the current should bve varied wiih the rhegsiats until
there is none. Then the bridge must be re-checked, and
if an adjustment vais necessary tc the bridge, the current
zust be. agoin checked. This playing back and forth is
necessitated by the faev ituat cheuging the bridge resistace
varies the currant thru the wire, and changing the
eurrent thru the wire changes the resictance. Vhen a

verfect balance iz obigined Tov botn resistance and current,

1
-

the resding of ithe bridge resletance is noted,

3

§

t:

The reading of ithe Dridge reslistance Lax, vhen
divided by 9.71, %ne bridge Tuctor, zives the tatal

resistance of tue wire vlus the leads. Subtracting
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the resiztance of the leads, found in step 2. This
gives us R. Subtracting E, gives us, obviously, K - R,.
We then pleot the points exaetly as shewn in Figure 7.
If everything has gone correctly, thé point will all
fall on & straigkt line. We call the slope of this
line C, and the intercept for zero veloclity is called

Ko The ugse of these terms will eppear later.

6, The Traver

Steps 8,b,¢, and & have been fully covered above.
The time constent is esleculated from the formuls
given on page 13, VWhen the grcper’valaas for the
platimum wire used {diameter z 0.0127 mm) are substituted

in, we have
E = 1‘94 (R - Be} x 16“4
i2 r,

£)e The value of the compensation resistance is

given by the formula

In making the traverse, we get our bridge balance and
ealculate M. From ¥ we find Ry, and then set the compen-

sation resistance box, located on the second shelf of
the hot wire table, to a value 100 ohms less than Hge

g) We are now ready to read 12 on the maier furthest
to the right on the panel nearest the operator, Tﬁ do
this, after setting the compensation resistance, both
switches 2 and 3 are closed to the left. The attenuator
control is set at such a value that the output meter
ean be read easily. (Wote: The amplifier is turned on
by throwing the two toggle switches below the D.C.
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vollmeter on the far panel and below the 0-150 A.C.
voltmeter on the near panel to the right. The far
meter should read #§ 5 volts, and the near one should
be adjusted to 110 volts.)

HETHOD OF MAKING CALCULATIONS

At the conclusion of the run, we have, for various
positions of the wire, R, R-Rg, ¥, Ry, Tap {attenuator),
and the output reading. First, we convert the output
reading from 12 to volts. The output terminals have
a shunt aecross them to get & reading of 12, The value
of the fesistance of this shunt is gueh that

volts » 0.621 ng
! We then find the net output volts. This is the
voltage outpul multiplied by the attenuation factor,
known a3 a "tap factor®, The factors for the various
attenuator settings ares
Setting - 1! wwewe~wwa 1,00

28 mmommm—— 1,90

38 mmmmmm—— 3,76

4t wemmewee 7,64

5t wwmomem- 14,90

61 —memmmme 20,0

Tt mmmmacnn 56,2

8 wwmewme 101,

93 wmwmamew 193

Next we find 4E, the change in voltage drop across
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the wire. This equals the net output velts divided by
the amplification,~the expression for which was given
on page 13. Enowing the amplification level from the
ealibration, we find that 4E is

4% = net velta x M
& counstant

we will now derive the expression for du/u from
a comsideration of the bridge circuit.
The ezlibration eguation of the wire is

—-.————”'";f’fé“ s K+ Cl - )
dhere X iz the intercept of the wire calibration curve
and C is the slope. (Jee Figure 7) Here iy is the
current thru the wire.

Differentiating, permitting i, and & to vary, we hawe

Ll FOR oi, — .E R S = CO/a ______ - (2
Py (#-R2)E 2 Va

We know 4% from the output memsurenenis as shown above,

and di, ig-éatermined by the following analysis.

The figure on the left represents

schematically the bridge cireuit.

let iy = current flowing thru hot
wire branch of the bridge.

is ¢ current in lower branch.

R = resistance of the wire.

18 v \ rs z all other resistance in

._.._.l . [ |la | ’ - the wire branch

r; = total resistance, lower branch.

L
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Calling i1 the current flowing thru the 18 volt battery,

18= i |+ r3{k +rs) e
r3+ (R+ rg)

from which 13 . 1. (E+7T2)

‘ . ; ; R+rg +T
'3

m fferentia.t-mg,

. ; Tz +E
ai = i]% + [__Ef;;ii?.]ﬂw wmm—— (5)

Differentiating the ofiginal equation at the top of this page,

_ﬂj/PyAJA‘)o/f +ﬂ, vn?-r/&z)ﬂg oR
(/ze'* <+ 42)2

— 78 o -
2

C}/c': 4'2 /332 Q//f

B (2,4 R Ns)? meemn (6)
Substituting i, for i aceording to (4), we have
Qé: - __A._;’:__.. V4 zo/ﬁﬁz"ﬂ*/l.;) = low ZO/

2 w ——_—2—-'_ - - .8 /? faniutaadhetind (7)

/3/23 - 4‘) 23
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Equating (7) and {8), we have

, 2

T +1’2+3‘: i
3 - Al +-—-i-—!dR 2 —
T3 rz 18

r3 P 7
18 t+rai, 28 trsiyf. ao
181’5 wd}

8+
iy = — .3_....33..1! igdR coemee(8)
18(r3+rytR

E +r3+Tp i, ;[iwi g

from which

The final expression for 4E in terms of &5 is

R /i8+ r3i . ,
[1 + ﬁ (Wﬂﬁzz]i ai - (9)

18 + rgiw

] B}

Let B x

18(rgr pp+ B) TTTTTTTTTTTmmmmmoeemeses (10)
so that di = = BiydR R e DRSS & 5 B
and 4 2 (1= BB)L R -=-=-= B (12)
Going back to equation (2) wnd substituting for di
R TBE o B . DT S
-2 G/ < <
i: — 2 2(0/847/(5 Cw/fj( dé~ ____//3)

« cla| R 6?-/2) * ) s
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The formula (13) giwes du/u. This, multiplied by the
velocity at the point considered (which was found in
the velocity traverse) gives us du, the root mean
square of the velocity fluctuations in a direction
vrarallel to the mean flow.

For emse in meking the ealeculations, remembering

that _L__g.c.jgi X L KON

we transfeom the equation (13) te the form

du . 2(rrc)i) | wrera |, go| de
w cla A 74 Cw | I- RE

For any point on the traverse, we know u fron
the velocity traverse, Xnowing the values of X and ¢
from the static calibration of the wire, we get ‘
the factor {K C u) which appears in the calculations,
The term 3 has been defined on page 19, formula {10).



SAMPLE HOT-WINE CALCJLATIONS

Let us assume we have made the veloeltly traverse and
the statiec culibration of the wire. These two are perfectly
stmaightforward and need no elaboration. Ve have found
Rey = Je2
o = 323 ohms Use 4 = 0.160 gamperes
Rld.ﬁ:' 1.55 ohms

A = 0.0037 (given for platimum wire)

We will use the salibration curves for the 5% tube,
FPigured 6. Ve have found, ir will be supposed, from he
static calibration of the wire that

K = 325 x 10°°
C = 9.5 x 10°°

We compute an expression for the time comstant,

_ 1.94 (R-Rg) : -3
: T 2435 x 107°(R-Re)
and Ry, the total compensation resistance,

o B o 0% 103

when we put 5 volts at 200 cycles from the oscillator
in series with 9900 bhbms, across the wire terminals, with
a shunt across the terminals of 0.856 ohms, and with the
compensation resistance box zet at 1000 hbhms, and the
{nductance shoried out, we found an output reading of
17.0 with the attenuator on tap l. The amplification will

therefore be

Amplification z 2229 r 17.0 = la:?
' .4 2017

-1 Ty e
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Jet us assune our wire is at a point 3.0 centimeters

from the walls Our bridge balunce gives us @ bridge reading

0f 65404
650
Th R+R T SR = 6469 .
€Ny 1ds 9.71 = G.69 ohms
hence R - 6&” - 1455 - 5414 ochms.
and R-Ry = 5s14 = 3.23 ¢ 1.91 ohus

Uz 235 x 10*3(}{‘&0) =
= 2435 x 107°{1.91) = 4,49 x 10-3

R, 0.796 ¢ (B=Ry) x 10°
= 0.796 ¢ (1.91) x 10° = 420

Hence the compensation resistance box is set at 320 ohus,
and the switches are throwm to the output. The tup used
is top 3, whose factor is known to be 3,76, The 12 reading
is found to be 84.
Converting the reading to voltis,
Output volts o.ezn.Y??"
= 0.621)84 = 5.69
The Het Output volis are found by multiplying by the
attenuation factor,
Het Out.ut volts = 5,69 x 3,76 = 21.4 volts
The term d& is foumd by dividing the net output volis
by the amplification.

dE = 21.4 x M § 11.68

n -

. -3
z 2144 x 4049 x 1075 4.11.68 = 8430 x 10
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Next we find u for our position. ¥rem figure 3 it is
found to be 2975 cm. per second. The sguare root of
this is 54,5 .
From our static culibration curve for the wire
we found that C = 9.5 x 10~%, Then
¢ e 518 x 107°
and, since K » 325 x 100, we have that
E+ 6/ - 843 x 1076

We will use the formula (see page 20)
du _ [2(x+cia]) | K+Cla 2B 4E
u e/ ‘) Zﬁi 2K + i;;} i%ﬁﬁ -

where we will ecall

K+C - .
o/a = A

K + cla— = 0
28
and = = D
iy
& s 4z
Then ég. - A{C +D) R

Getting back to our calculations,

A 2 x 843 ¢ 518 gz 3.25

"

843 x 1076 +(.16)° & (5.14)% & .0037

Q
i

e 2.02
Referring now to Formula (10) on page 19, for the
GALCIT bridge ecircuit, the constants are as follows:=-



rg = 10.8 ;
Ty, = _1.5?-+(}esistanne of the bridge resistance bex.)

E -t ‘
fence B, 210.84-1.5%:T§hqx‘fﬁ)

s 0.01325
and 1305
0.16
0.1685

o

Then, coumbining,
A{(C+D) =z 3.25(2.02 +.1655)
=z 7.10

%e have  _BE | 8430 x 107
1-RB 1.0 = (5.14 x .01325)

8.80 x 10~3

L L

Therefore, finally,

du 45
= = A£C+D)m

e 7+10 X 8.80 x 102

= 00,0625

-~

Then, from Figure 3, we find that at our point 3 cm. from

the wall,
2 = 0.983
Unax



w25

Hence du » 6.4258X 0,983 w 6.15%

; 2 |

and é‘i ) « .0615 x ,0615 = 0.00379
maxX ;

How this term {(du) is nothing other than (V&ﬁ.

ilence
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Original Yube-Diimeter = 38 cme

U &

__E?:_' = '3ﬁ/k%ﬂ7@3-+[72] (Theoreticcl Unrve)

o . - TR S TR |
(BExperiuental Peints;

3 A0
'. ﬁy“
o
< = \\
220 O\\\
10

O\

n ~

00‘9 Oa? 006 e dJ

D% 0.3 08 0.1 Tab
(Dil‘,t«,’:ﬂ:“f‘ from ¢t

40



e Z3

FIGURE (@,

KARIAN'S LOGARITHIIIC VELOCITY DISTRIBUTION
Txtended Tube -- Diameter = 38 cm.

U = :
(Theoreticul Curve) "’“’ //’09( -

ma— Y

‘7%77‘" Vs %; (Experimental Points)
e

8.0

7.0 L

2.0 N

§;~\4
o
EL # \Q\\
1.0 2 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Digstance from center oy

radius ig




i r. 17. SWITCH ARMANGEMENT FOR CIRCUIT SHOWN PELOW

ﬁg IWQ. , ,

4

B “a

3 b
To Galvanometer
—

b & To Hot Wire

LTO 18 volt battery

Figure 78, Circuit for measuring wire resistances
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19. SHOWING

T

SWITCH ARRANGEMENT FOR CIKCUIT SHOWIN BELOW
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Fig. 21. SHOW ING SWITCH ARRANGLMENT FOR CIRKCUIT BELOW

<~1 7 Input
o Transformer
1L
k-3
O ©
Hot Wire

0
fo 18 volts battery
Figure 22 . Primary Circuit Feeding into Amplifier
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Pig. 23. SHOVING SET-UP OF 5 INCH TUBS

Vig. 24 SHOVWING METHOD OF MOUTING HOT WIRE IN TUBE
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