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This Part I the 

pressure and and Part covers 

and the turbulent , and the 

between in the of the mean flow those normal 

the 

The was cor~ 

a cm. wide cm. 

every other one 

6. 

were at 

the 

-.vhere u is the 

y v = the 

B 

were carried out or of near square cross section. 

appear ·t,o 3% of as as value 

B is a value Ba 5 t"he 

.. 

were add some to subj 

with narrow cha..Yfilels and 

·were a 

it that the car-

and 

the no as 



OF SURI!'.A.C'E ROUGHNESS ON SKIN FRICTION 

.A.J\'D IN TWO 

In the results of inve on the wishes 

to them in two First$ to 

pressure 

deals v.1. th 

skin friction, and second, the material 

in 

Fluid resistance has been a 

search since the first when the 

and .. re

of the arti-

san builder to into the art and science of 

the relati 

the laws of onal resistance what now 

is 

ti in 

in this 

a 

ticles occurs. 

is 

the 

of 

the 

rectilinear 

state, in 

colored 

ticles appear to have a ver-3 

which occurs at very low velo-

i even of the fluid par-

, without 

of the of 

the character of 

a 

into a flow 

The 

and 

flow are 

flow into 

of the par-

of this 

par-

SB 



2. 

are tossed about in the fluid. 'fhis of flow by 

the fluid in and .Aeronautics. 

Not until 's idea of the was mucb. 

progress made in the laws motion. 

Later contributions have been Theodore von Karman, a 

student of Prandtlva, with his 

of turbulence (l)* and G. I. with his stati 

of' Isotropic 

In the of the effect of on flow Nik-

has some very extensive differ-

ent sizes of sand on the inside surface of He used 

the Of as a measure of' the and 

ratio as the ttrelativa I! where k = hei of I 

the of' the sand t r - radius of -
this work was has recent-

made an extended on o'f: the of using 

various kinds of surfaces.. Jlrom it is 

seen that friction coefficient s not upon the 

of the but on the which, of course, be 

most any hei and may be reduced to an 

sand 

results the that for a ular sur-

face the 

dent of Number, and th.at its value is determined the rela-

tive 

:- in () refer to at the end of paper .. 



Karman's a the dii:rtribution in the 

f'or smooth in is u-v - * 
Where: 

u:: at a in 

the friction valoei 

of the 

of ·the wall 

stress at the 

y the distance the to the where 

is measurecL 

f' ::: mass Of the 

-{) = the kinematic vi oi' the 

:: to 

the 

For smooth walls the value of A is as 5 and of B, as 

these values the then becomes (.:; = 5 .. 5 + 75 

* 
which fits the values for {.:!!.) 7 

v 
In the friction coefficient f is defined ash::: 

where h denotes the head loss in the 

of' the u~ the mean and g, the on of 

Nikuradse and Prandtl gave ·the 

follow formula 

::: 2 {smooth) 

where R :::: ;;- :: and d : the diameter of the 

The of the effect or influence of surface on 

the friction coefficient is somewhat Numerous 

ve-

75. 

.. 

in and cham1els with walls, notable of 

In 



surface condi tio11s, but di:t':fe:rent diarooter·a the friction co-

varies with Number and ~v The 

ss is the which is characteristic of the 

, say the ; and the radius of the 

If the characteristic of the surface be denoted 

k, and the radius r, them f: : f ( ) . 
seem to indicate that at Number and 

, f is of and also 

dent of show that :f'or surfaces 

made sand the distribution is the 

+B 

:-

Ar : (JE) ( 
-r..) 

B = 75 the same as for smooth walls@ 

= (2 

where: 

For similar of 

of k and values of k and H. But for different 

of J;.:r and ar will va.ry th k~ upon the char-

acteristic chosen to at values of 

Nurr'.lber the distribution and the friction coefficient 

appear to be of 

The function (~) may be of 

stic of the 
" 



For the with sand the value fm.· 

as and- for is l.74. by (5) and 

Fromm (6} on different of gave values of from 0 .. 96 

to Values of by 's range from 

2 .. 2s to a. 

e.nd Motor 

This on was carried. out in a small wind at the 

Institute of shown in 

channel was the same one used in his 

tion of section was added, mak-

the of the the of the old 

'111e channel had of about cm and a of 85 cm, 

ratio of breadth of ratio was in order 

to avoid so far as the disturb effect of the and bottom 

walls, 

to 

mor-e or less two dimensional 

intake was built with a in the entrance 

out the eddies from the roome 'l'he strai por-

tion consisted of covered on both sides v;i th metal. It 

was 530 cm , with the stations as shown 

curved section was the same as the old tunnel, but was of no 

for this i:nve 

cone consisted of a transition from 

JGO circular cross-section, and a section 55 crJ in 

P. De C .. motor at the exit end furniehed the necessary power 

the air the 'l'he was 
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a on wheels, at the 's table near the 

of measurements. 

Tubes and Manometers 

total head consisted of a small cop-

:per tube 2.3 mm outside diameter with about dia.metere 

'I'he in 2 indicates the Static pres-

sure was obtained with a tube of the same Size the end 

closed with and off to a str-eamlined nose. 

a section 8 mm from the nose four small holes at from each other 

were to the axis of the 'I'his static tube was cal-

ibrated in the center of the a wall in the 

smooth of the double screw was 

used to move the tubes acx·oss the chrumele Each had travel 

of 25 mru and could be read to 0.01 mm. this inst1·u-

" was so made that i't could be to the outside wall of 

s instrument 

was also used to the exact width of the at each 

The screw thread and 

reservoir mounted on a base. A rubber the 

reservoir with an inclined tube mounted on the vertical screw. 

A hair line in front of the tube was used to 

when the was with the pr~ssure. By means of 

a hand wheel the tube be to 

balance the pres.s:uree l'he could be read on a counter 

to 01 .m.me Two of these im:rbruments were in the pressure 
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.measurements and traversese One was used to measure the 

reference pressure, the other to measure the difference between the to

tal head at a station and the static pressure at the I°Elference station. 

Alcohol was used as the li in the manometers. 

Seven different 

sted as one of the 

and 

of 

as B-1, R-2, R-3, 

latter smooth walls. 

The first of was 

of the of the channel and 

of each a paper. 

of channel one side 

Successive were obtained 

smooth 

difi'erent of 

R-~, R-6, and R-7, the 

the two walls 

to the inside surface 

5 shows a 

is shown in 

of the 

of 

a razor blade and cut-

out every other one of the peaks in the paper. In 6 

is shown how these 

views of second 

had 

of 

third 

were 

removed from the base paper, 

., 7 and 8 show 

paper to which the had been 

a 

In 

6 the appearance of this surface is shown between 

The 

For 

but the width 

, b, of the channel in this instance was 

ss, R-6i the sarre wall surface was 

the channel was 

width of the channel at the crest of the 

7 mm .. 

as for R-5, 

were 



6 



• 7 

. s 

Removed 



In 1 to 4 the width of the 

taken as the distance between the crests of the 

s of pressure and 

taken across the channel at the crest of the 

and R-4, measurements were also taken at points 

the crests at K.. For this purpose a 

on 

were also 

.. In cases R-3 

was made in ch an-

nel , and a third micrometer screw was added to pi tube in-

to a motion of 50 .mm to the wind tunnel. A pho-

is shown in 9. 

s were made of the pressure at each of the o:rm as 

on the in l for each type of In the en-

trance section the stations were in order to show the de-

of the boundary for the different and to in-

the 

between the 

in the distribution in the transition 

traverses were ma.de at each station from A to D inclusive 

for each B.-3 and R-4, and at stations G and K for all 

In the mea.surememts, the exact width of was de

u t station at each statione A run" was then 

this station the 

the static pressure reference.. The run 

total head in the center of the channel, 

of the .1u.:i.J•.1u.u= The other side of the 

reference pressure at N. Thia 

Station N was used as 

of the 

it to one side 

was connected to the 

gave a :pres-

sure, , with total pressure head at station K and static pressure 



9 



at station N. With stat;ion N, also to a 

values of were at values of Another run 

was then made the static pressure tube in the center of sta-

tion K, and to the manometer so as to read 

the difference between the pressure N, and the pressure at K. In 

to the pressure at K, we have 

and these two we have :::: 

v'V'here is the total :pressure head at station K, and the other 

terms have the same cance as above. The was 

then the 

;<j.J_.i, F'icere (' denotes the mass of the 

y, the of alcohol and 

u, the veloci 

Ni th qk measured in mm of and the veloci 

is obtained in meters per at other stations was 

i:n this manner. In a veloci traverse it was assum-

ed that the static pressure was constant across the channel. 'l'his was 

not stri true for H-3 and In these two cases the wall pres-

sure was 2 to in ab value than at the center of the 

Jfor other sses variation of pressure from canter 

to was than of 

.At ·l: 
r 

35 the pressure variation for R-3 was about Oe while 

for R-4 it was to go to :: 65 to obtain varia-

tion in the static pressure. Here y is the distance from the wall to 

the of measurement, and r is half the channel Because of 



velocity 

s 

the 

th.e 

cal-

ci-



a.-2. 

indi-

the condi 

di 

the equation forf: 



Ab 4 b.AU = .au :: -
~ f' 

;:. = 

friction 



L 

hydraulic 

4 .01 

..::::. 

= 
be 

differ-

lf:L~ 

ssa@; 

the 

-vs- and 

scale very on the 



I:n to 

first ? 

"i;ions 'l'hese curves are shown in 25 

flow stance en-

trance increases. 

different velocities is 

for the ous of surface 

a:nd also for 

sine wall for R-1 and H-2 shows the rel-

ative of the surface half cl1a.nnel 

sheet of' this group of curve 

the 

is Karmants universal constant and it 

agree--

r11er1t if of each 

of in the wide central clear-

illustrate flow 

;zrf3} ""' {1-
l' 

which to 

of 

where 

In on 4 



channel 

be 

pa par 

c:rests 

ffect, this 

th.e 

b = ~ 

there 

the 

static pressure across 

dis~ 

take into 

of 

sh 

up 

little effe 

at 

.4 

in 38 

chan11el 



Even vwrk and 

of the distribution law for varied 

, still more s should be in 

conduits, v1i th the in mind of a more 

se determinati of the numerical value of the Karman 

:Joth the friction law and the law have 

the form :::: A+ the A coeff'icient varie over wide 

range with the condition of· the surface. 

The ext(-:.nt and character of the wide variation of this coeff'i-

cient should be 

'rhe B 

the value of 

The 

the 

and 

in the 

are as 

appears to be constant, 

increased 

from high 

36 mm. 
72 .. 8 mm. 

R-2 mm. 
9.1 mm. 

on 

in 

a value between R-2 

low value 
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Static Pressure at Various Stations 



I (cont 

Static !v.ieasurements at Various Stations 

03 
11 10.04 

8 .. '70 00 

27 70 90 13 40 
21 '78 21 .. 10 25.,37 29 .. 8!3 
'71 22 .. 25 72 39.5'7 

23 .. 25 27.,70 49 
27 .. 79 00 58.,90 

R-4 

5 .. 45 2.,45 2.,92 99 
'7.,68 91 8.,67 9.,97 

34 69 12.,94 93 

29 .. 60 
34 .. 35 

• 70 35 42.,30 
19 28.83 25 50 .. 70 

.. 



Static 

7 .. 74 
93 

13.48 

13 .. l? 65 
54 
93 

2 .. 91 29 
69 6 
58 9 .. 75 

TliBIE I 

at Various Stations 

3. 4.,32 
7.13 ?,,. 69 

68 11.56 13.,02 

25.,85 28 .. 69 
27.,06 34.28 38. 

35.,04 37.90 70 4? 
40.30 00 51 .. 00 56.75 

R-6 

36.6? 39 .. 90 

" 

85 
60. 

64 
ll .. 29 
16.98 



Static 

9 .. 05 3,.96 
00 8 .. 06 
03 12 .. 

88 18.58 
22.,84 03 

T.ABIE I (continued) 

at Various Stations 

cus 
(mm of water) 

B • : : : =~2- = C C D E 
Roughness R-7 fSm.ooth Walls) 

4 .. 33 50 74 5 .. 19 
9.,22 9.75 10 .. 57 

13 .. 60. 98 14 .. 81 04 

18 .. 70 
27 !55 

50 33 .. 90 84 

44 65 
32.lO 51 .. 10 

Air 
Kinematic vi 

45 .. 
54.00 

R-5 
R-6 
R-1 
H-2 

49.9? 
56.,90 59 

'PABIE II 

Sand 

1.,90 

F G 

5 .. 56 

17 .. 07 

25.,88 28.,05 
50 
90 

57.30 
68.50 



III 



:B'rictio11 :lent 

R-3 

l 
.21 

-iJ ::: 

~8E3 7 ~42 

-i) = o. 



TABD~ III 

H-5 

.70 4'79 .. l9 2.87 
45 0.666 6. 
66 0.835 6.19 2.,90 77,,9 

42 050 6.24 2.,92 0 l 
97 .. 2 .. 86 126 .. 7 6 
90 6.20 2 .. 0 

2 9.,60 .317 6. 2.,91 0 88 
26.70 23.10 11 760 6.22 2 .. 91 6 

t7 = .11?5 
:::::: cm 865 = 

R-6 

7,.87 6.97 38. 
63 .. 3 
78 .. 

1£' o .. L058 • 
l9e 1 .. 225 6 6 
22 .. 40 .398 6.25 109.2 

99 L570 .28 2 .. 
27 .. 20 :a.935 1.713 30 

f' -i) - 164 -
= 860 :: 2.32 



'!'.ABIE III (continued 

Friction Coefficient 

Smooth R-7 

.05 7 2.,22 " 13.00 .,8 67.,9 
16. 0.'734 93 .. 5 1 .. 

.88 l?.,81 70 115.7 103.7 
22 .. 64 4 .. 88 83 
26 .. 40 6 f.J'.;~ 

41iV<iJ l.79 

29 .. 44 26 80 625 33 0 l.76 7 
28.76 9. 902 187 .. 0 l 17c;z e dV 167. 

t" :::: 0.1175 -v : 0.159 
WU m = 0.896 = 2 .. 32 cm 

= Ma:x:imu,.11 ve loc center channel 

u:: : pressure 

et the :: width v1'" = V t'y'17 = friction 

4--ttm 
= -::;)""' ::: f7 _ m.ass of air, based on 

the mean 

--U : kinematic friction coefficient based 

on the mean The for 

refers values based on the maximum in the center of 

the 



TABIE IV 

Station K 
R-1 

952 952 o.547 6.,33 
916 4 .. 73 64 916 0.591 71 
874 5 5.,06 874 0.646 

0,.S.'32 832 6 .. 83 0.683 
749 5.94 3 748 7 0.749 
665 6.37 0.803 2,.76 664 ?.97 '797 

6.68 842 840 2,.23 
6.98 0.880 8 .. 79 0.879 69 
7.36 0.927 9.28 0.928 LOO 

64 963 0 Pi'"' • ...,<:> 244 9.67 967 
7085 988 0.16 0.160 9.88 0.988 0.17 
7.90 0.990 0.07 0.034 9.96 0.996 05 
7,.94 000 0 0 00 LOO 0 

~= 071 v,._a 

8.24 0.551 6.27 0.950 79 540 6.47 
0.916 9.03 603 53 11.65 0.583 

873 9.70 0.648 4 -· 0.873 '71 636 

0.831 .38 4.28 0.829 13 
747 ll.38 35 '744 14.94 

o. 12 2 .. 66 659 16.06 

0.578 849 0.574 16.95 
0.494 888 0.489 l?.'73 

936 o. 

53 0.972 0.233 19 .. 38 969 44 
14 .. 83 0.13 0.105 19.84 992 

0 14.97 0 0 20.00 00 0 

1!11 - u)/v"* 



952 0.500 
0.916 535 

874 573 

832 0.626 
'748 700 
664 755 

580 0.814 
0.496 6 .. 20 856 
0.370 6 920 

244 6.,96 0.962 
0 .. 118 '7.15 98'7 
o. 7 .. 25 00 

V*lliil 370 

951 45 
915 8.21 

Oe8?2 8.96 

830 9.68 0.644 
0.745 74 714 
0 .. 650 64 0.'775 

574 12 .. 42 0.825 
0.489 13. 0.870 
0.362 13.92 0.925 

234 55 966 
106 14.,94 995 
0 15.03 000 

::: - u)/v~ 

'f.A.BLE (continued) 

Distribution 
Station K 

R-2 

5 952 
5 916 
4.68 0.8'73 

4 .. 09 

2.,70 

2 .. 05 0.578 
59 
89 0.36'7 

44 0.241 
o. 

0 0.021 

53 0.950 
4 .. 98 0.914 

43 O.f.3'70 

90 828 
3.13 0.742 
2 .. 4? 0.656 

1 .. 91 0.568 
1.41 0.482 
0.81 0.354 

35 0.224 
0.07 0.094 

0 0.013 

86 488 
5 5341 
5 .. 80 582 

6.,34 0.636 
7. 
7.71 

8.21 825 
8.,65 0.869 

22 0.925 

9.69 0 .. 972 
9.90 995 

10.02 00 

~= l.,806 

02 o. 
10.82 542 
11.94 0.59? 

12 .. 82 0.642 
36 0.'718 

15.61 0.781 

16.69 0.834 
17.50 0.874 
18.66 933 

,Q. 9'73 
0.988 

4.48 

91 
09 
35 

82 
l.45 
o. '74 

0.13 
0 

5 
5.09 

46 

3.98 
3 
2 

83 
1.38 
0.74 

o. 
12 
0 



0.958 4.,27 0.603 
929 4.,. 55 0.643 

0.895 4.,78 0.675 

0.8'1 22 0.737 
0.771 5.53 0.781 
0.682 89 832 

6.14 0.867 
6.,37 900 

53 0.922 

0 0.955 
6.,93 0.979 

0 7.08 1. 

V*• 0.930 

0.958 8.,82 0.585 
0.928 33 o. 
0.893 10.05 0.667 

0~842 10.86 0.721 
0.'768 11.67 0.'774 

631 42 0.824 

0.591 1'.1: .:i. 864 
502 13.49 0.895 

0.395 13e 928 

288 14 .. 0.955 
• 146 14 • 0.985 
0 15.07 1. 

- /v* -

TABLE IV ( 

Distribution Measurements 
Station K 

R-5 

40 0.958 81 
76 929 6.33 
24 0.895 76 

4.2.;1 0.841 7.,29 
;).,53 771 ? • '78 
2 .. 71 0.682 13 

14 0.593 63 
62 8.98 
25 0.399 9 .. 28 

0.7!3 0.293 9.63 
34 152 .90 

0 02 

0.,580 

0.675 

0.926 

961 
0.988 

00 

V*::; 1.235 

6. 0.958 ll.53 0.573 
~.17 928 12@48 0.622 
5.40 893 44 0.669 

53 842 54 0.'724 
0.768 15 o.??9 

2.85 0.631 16.61 0.827 

2 .. 20 0~591 l .41 0$867 
1.70 502 18.,00 896 

17 0.395 18.68 0.930 

ryrz 
@ I <JI 288 
.24 0.146 19.81 0.987 

20~08 00 

6.79 
5.,95 

6.97 
.15 

2.81 

2 .. 16 
1.69 
1.13 

.71 

.22 
0 



Mee.surerrents 

954 0.954 .38 
920 0.920 6. 5.84 
880 0.880 6.'74 

839 725 4 .. 14 0.'723 
0.'759 o. '785 
o. 0.831 0.824 2.:10 

o., 98 8. 865 2 .. 06 
0.516 47 8.86 0.893 l.63 
0.398 08 9.23 0.930 l.08 

27? 6.67 0.956 0.6'7 9.60 968 0.49 
15'7 6.85 0.981 0.28 9.82 990 15 
0 6.,98 00 0 0 92 l. 0 

V*::: 949 V1t: 254 

953 8.73 575 6.52 0.953 62 0.585 6. 
918 .38 0.628 83 0.918 12.,50 0.629 81 

0.8?8 10. 0.671 O? 0.878 13.46 677 .. 14 

0.838 0.'714 o. 
0.756 0.773 o. 

675 826 0.673 2,,.72 

594 0.863 2@15 0.592 17.18 2.16 
512 0.892 l .. o. 17 .. 81 

0.391 Q!"A;.''\ ..,..,.., 0.388 lQ '--'• 

268 965 o. 0.265 
0.14? 14.72 o. 987 0.20 143 

0 00 0 0 19.87 0 

-



0.8'79 

838 
75? 
676 

0.595 
C.514 

40393 

2?1 
150 
0 

\;= o. 

5.68 
.. 98 

6,.26 

G 
6.65 
6e 

v*: 

785 
826 
865 

0@63 
24 
0 

53 
18 
0 

953 
918 

0.8'78 

0.838 

0.675 

953 
918 
876 

589 
506 

v,,_:: 

6.,75 
?., 
?.'70 

v~= 0.875 

2 .. 
92 

l. 

o. 
0.15 

0 

.ll 
0 



T.:J31E V 

Distribution 

k = 
569 

u u 

0.26 4 .. 32 26 
46 4.,'73 32 11.57 
69 e 8.88 0.69 



II 

Turbulent Fluctuations 

on mean i 

termed turbulent Osborne the shear-

stresses f·or the :x-directi on 

u', v~ and a:re fluctuations in in the dir-

ecti and mean flow and / ;:;
1 

is 

the denotes the time average of 

the 

In e value of flue-

tuations have determ:tned, that :ts YJi th 

and 

notation v:ill 

value th.e fluctuations in 

value of :i:'luctua ti ons 

to the walls tl1e channel. 

= sheari in the directi mean flow 

veloci any in as 

tube. 

s for the tur-

bulence , as in 



on 

the relati 

stream, or sf.i.orv 

undertaken 

"{JI' 
! 

correlation exi 

the of 

in air 

fluctuations in turbulent caused SU!"'--

to the tl1e flue i;uat:L to the 

con di of the wall surface .. 

in ·~he 

on this 

field, such ) ' and 

field, and flrandtl ( 10), 

}I:arman ( 1 ) , 2), and ), in the theoretical 

'I'hese been made 

ch govern fluid flow the 

state. hot wire anemometer has been 

purpose. (12 bili ties of 

this turbulence in 

on of on 

the elactri heated fine 

air stream. 

hot of 

c flu~id: 



i current sta:nca of 

v~ire j 

111eans deter-

shown in 

or 

: cold coeffi--

cieni~ resistance of the 

a 

x I~+ 
In this b, 

of bri 

:rcui t. 

as ime 

:: f' = the 

re-

s condition and 

sults ~ F. D. 

tude 

'7) 



a calibre. bt;,f'ore is into 

the air All of t:t1e hot ~rvire 

s cali in 

tc~sts, 

cheek. 'l'he check tests were sati 

calibratior1 used 

The in 

calibration ar1d 

t;he circular wind tunnel dir;1r11eter 

vibrator J;>ov1e:r~ , ci:ithode ray 

and oscillator a:r:e shov111 on table 

the tude of 

e 

at 

the thri:1e f'or ch 

int~3:rsecti. of 

on 

i.s 

t..1ire 



and 



Entrance 



I 



near to 

and then 

cali bra.ti on. calibration it 

in the used to turbu-

le:nce 

• 42 'rable VI show the to be taken, 

and hot wire culibr!:ition. .After ho'i; 

, t;he ai in 

to some desired Then the vibrator was ad-

ed value and frequency. 

constant, the resi::rtance 

in increments 500 ohms the meter 

each curve this 

ey tude. 

second series were taken vvitl1 different f1'lle-

the of and tude 

in s1~rve.t1on. Another curve was 

ted on the first for the second conditions. interseci;i 

the resistance. 'l1his 

indi ·shat the of the hot between 

thes':i two 

In method the must so to 







TABLE VI 

of Wire, = O mm. 
of' " n f - 0 cps 

' 
0 1000 1500 2000 2500 3000 
5 5 5 5 5 5 

5 38 49 59 71 87 .,. 
6-• 7.0 '7.68 8.43 .!. 

: 6 .o llJrlJ. 

f = 140 cps 

0 1000 1500 2500 3000 
5 5 5 t::; 5 5 '-' 

47 49 53 57 62 6'7 
I .. 85 ? 7.28 7.87 8 .. 

set at = 1810 
cps 

I I 

22 1 .. 22 3 48 6.,93 
64 4 21 64 3 9. 

2 .. 62 4 '? 

10 4 83 9.11 
4.'77 5 32 
5.,00 5 55 6 87 

7. 5 9 .. 22 .61 6 5 
8.80 8 .. 80 6 5 
9.41 7 9. 6 32 

resistance 

I --= ona.l to the cation 



s be 

these 

set on the re-

si OX runs me.de at 

t11t~ 

each of the desired r<Lmge of 

tication. 

of I-vs- 4 for ea(:h set 

turb~u=, 

lent in tl1e 

u see B) 

of the lines in 

wi each , u 0 is -t11e air veloci in 

tu:ri..c'1el and i of 

in 

s may 

: KI where K has for ac.cl1 

In se tests~ ,,e::,. : 2 x of vibration. 

'l'l:i on made it lr1ucr1 rnore to 

holder 

the "'1.ti cir·cui ts are sl1ovln 



led thi vibrator 

D. Knoblock's thesis. 

The curves in turbulence level is incre1"1s-

ed the increase relative 

ons were ~4 rr1n, and for of 

ness turbulence is ic near the wall, seems to 

sine viith the flow. 

affect of the is 110 less 

stricted chanrn'11 at the crest t1H'> 

efft3ct sirailax~ to a and thus has 

reduce turbulence in this R-4 shows this ef-

feet to extent. this is 

In all this of' curves t11e st effect of the tur-

bulence is the wall. is ap-

the flatten out have appearance of an 

inverted veloci 

the corre la ti on the com-

from the 

For smooth walls consta.nt a wide 

range of the channel , and is inc:;;eased the 

veloci s increased. • ap-

m:;ar 11 



In sses it is 

for the and R-2 the corruga-

tions cor:relati on is onstant ~ but the 

s ex11ibi t sirailar c11aracteristics to 

s in 48 52 effect of 

turbulent the crest 

the to the wire tion. li''or R-1 

H-2 

e 

on. 

ls in • 53 56. of tLese 

e:r.hibit a inc:eease in 

in the greatest 

in 

effect srnooth is in • 57, 

fOl" fferent low ties 

i 

for variou~s 

sarre for ll 

the tions 

25 



center the channel as the 

the i0 very 

curves. 

the per at across 

The values 

taken curves 

and 
u 



It the 

wall a material on the turbulence in the 

channel, the turbulence as the is 

The on the between the fluctuations 

appears to be dependent on the type of rough surf ace 

on the 

but 

the 

R-6 has a larger relative roughness 

are th.an for 

R-5 

and 

were roughnesses 

yet 

be no 

roughness and 

type 

curve the 

and are very much 

seems to be 

of these two 

There appears 

between the relative 

across the 

that the same 

the same general type of 



AUX!b. MA 

POTENTIOMETER 

BRIDGE BALANCE 
GALVAN. 

/ HOT WIRE 

INPUT CIRCUIT 

/.JV 

t--_:+, f \ 6F'S~ -~) 
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/6,<tfl 

8.-,f 
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o.ZS..!tf /.JV o .. ZS."'<f r:h- I 
I" I 

I I \ 
t t I I I t 

& ~·' <:> 
91 <:> .1') . I I "4 ...... _,,,,,,/ 
"" 

"":'"' . - . 

t t 
~ 0 

Ii! 
... ---.--------1 
t"'l.e~------" .L+"-"EOJ'f!'.:._J 

16.,'(f I l.-Ai-11---i 
1.-L -'-11'- -- -1 -::- 1_f_L1~ ___ J 

1.55""-

AMPU'FIERS 
! 

874 
/'~,,- ..... ~ .. -........ , 

I U' I h • I I J 
\ I \ I 

' ,,I ' " .... _.... ....._.... -=- (zsov) B 
z . .rv 

/.JV o.;5_,.,f 
' l-:1-, /6A-

', ,. -..... , 

f' 
/ I I I 

t !::' 
I I I 1 I I 

6FS I ) I I I I I 
<:> 

~ \ i ' : 1.S.. l ~ ~ I '<) I I s_,.. __ ,., ,_ ,, I 
I OUTPUT JACKS 
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I I I 1 f 
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4Z I I' I I ~ 
I 

..... \ I I I ' _ _.,,,, I ,.. ,. 

'T 

F/c;.44 
HOT-WIRE AN£MOM£T£R- ~1 

NOTE: M .. 1ooon. 

POWER SUPPLY 
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I \ SEl.F-EXCITE'R P!CKVP 

0BRATOR CIRCUIT 
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I ~VISRArtON-Pt<;_l<VP 
I mrs:s:o..~ 

I 
~ 1l 
~I 
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ti ll 
L. 
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~ ·. 
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62 
70 
56 

8.72 

7 
6.32 

10 

:: 90 

'rABLE VII 

Turbulence Ivleaauremen ts 
Station K 

R-2 

0.,894 

0 .. 852 

0.362 0.'788 

0.,'746 

043 .. 
0 

::' 33 

0.237 

0.068 

:: 

R-3 H-4 

26.,75 9?9 
22e- 973 
22 .. 10 969 

22.,90 958 
937 
916 

0.895 
26.75 873 
26 851 16.,82 

831 17 
'789 18.81 
747 19. 

705 
662 
578 

9.16 
8 Oil .. ,, 4 0.156 

00 



l?.21 
0.,928 

5 .. 
0 

( 

Measurernants 
Station K 

735 
6'75 
594 

94 sec 

l? .09 

0 

ons. 



T~4.BIE VIII 

Correlation Between Turbulent 

Station K 

6.,80 , 4.,91 0.992 223 ?.,60 ... 
2 5 .. 977 0.352 8.65 

3 6.50 0.956 " 10 .. 3 0.95 v. 

4 7.62 928 0.423 25 0.915 0 .. 279 
5 8.,90 0.890 0.421 65 0.87 

6 40 .842 1?.92 0.,235 
0.7 25 0.?85 70 o .. 

14 .. 60 ?17 27 0.211 

85 15 .. 85 573 4 625 
0 .. 90 623 32 .. 5 0.565 

925 595 495 

95 .555 0.433 
975 20 .. 60 0.505 0.476 

um::: 14 .. 
2 

Um= 
2 'to/e= fojf7 = 

R-5 SS R-6 
0 4 .. 7 1,.0 a 7 0 

l 3 992 0.138 1 0.15? 
2 6 .. 0 977 5.,8 OSJ77 250 

6 .. 65 0.955 6 955 0.302 
7.,85 0.,936 936 
9.,00 0.,895 0.295 8., 75 895 

6 30 292 10 0 .. 319 
7 8 291 40 
8 l~) .. 5 303 90 

85 5 0.705 o. 695 0 
0 .. 90 15.6 a. 0.64-5 o .. 

925 16 0.33'7 0.,431 

0 .. 95 l'?. 0.,593 16.,0 0.578 
975 27 .. 9 545 0.530 

Um= 
2 um= 

%/~ = 
,,. 
?:/f= 

These are curves .. 



VIII 

2 

3.,75 10 0 
05 148 45 995 

4..55 241 95 985 

286 50 9?0 336 
295 5., 947 350 
294 .oo 922 347 

890 296 
856 297 
807 302 

= um: 
2 

?,;/(' - sec 2 
fo"/t= -

0 2,.95 0 0 
1 25 996 
2 65 988 

970 974 
955 955 
933 929 

0.6 901 4.38 
0.,7 0.869 0.445 

823 

9.20 8.,00 
0 .. '723 

0.975 0.640 9.,80 

* values fai 





s. 
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Turbulent 
Roy~ Soc .. 

Berlin, 

Trans. Roy. 

Ultra-

of the Circwnst£u1ces 
be Direct 

Parallel II 

Curvature on Fully 
• of London, 





Then the 

t11e 

as 

Since 

= 

=q 

head at the 

p = 

1 j) 
2 { 

= 

vdl1 be sa111e deflection 

2 

at 



a I and U) I 

w A. 

= 

=u + 2U )2 
~ 

'-\..,, u ., 
"' \} 

~ 
~ 

·~ 
)2 

Time 
A 

= 1( 

-I ;;:;;; 

12 


