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ABSTRACT

Veloecity Distribution for an Open Channel Flow

in a Semi-Elliptic Channel

ABRAL , Celal Tibet
M.S. in Civil Engineering
Supervisor : asst. Prof. Dr. Nuray (Denli) Tokvay

September 19387 ,80 pages

The velocity distribution in an open channel flow is
a very complex problem because of the existence of the free
surface. Although detailed knowledge about the velocity
distribution is needed in many problems , there is no well-—
established formula.

In this study ,the law of the wall which describes
the wvelocity distribution for an open channel flow in
a semi-elliptical channel , has been derived by using the
equations of motion in elliptical-cvlindrical coordinate
system.

The values of the constants of the derived form of
the law has been determined by using the available data for
an open channel flow in a semi-elliptical channel and these
values are compared with the corresponding values of the
classical law of the wall.

Keywords : Open channel flow , velocity distribution , law
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Yarim-Elliptik Bir Kanalda aAcik Kanal akimi Icin

M1z Dagilimy
ABAC , Celal Tibet

Yiksek Lisans Tezi , Insaat Mihendislidi BoLimi

Tez Yoneticisli Y.Doc.Dr.Nuray (Denli) Tokvay

“Aralilk 1mE7 0, 80

i

ayfa

Saerbest vizeyin varligl nedenivle , acik kanal
akimlarinda hiz dagalimi c¢ok karmasik bir problemdir.
Birgok problemde hiz dadilimi  hakkinda detayli  bilgi
gerekmesine ragmen , veterli bir denklem bulunmamaktadir .

Bu calismada , varim eliptik bir hkanaldaki agik kanal
akimi igin hiz dagilimini tanimlavan cidar vasasi ,eliptik-
silindirik koordinatlarda ya21lm1$ harelket denklemleri
kullarilarak turetilmistir .

Turetilen cidar vasasi’ndaki sabitlerin deeri varim—
eliptik kir kanaldaki acik kanal akimi icin varolan veriler
kullanilarak hesaplanmisg ve bu deferler klasik cidar
vasasi ' ndaki degerleri ile karsilastirilmistar.

Anahtar sozcikler : Agik kanal akimi , hiz dadilama , cidar

.

vasasl .
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CHAPTER I.

INTRODUCTION ANMD LITERATURE SURVEY
1.1 Yelocity Distribution In OQpen Channels

The flow in an open channel , regardless of its
geometric formation , is generally three—-dimensional. The
component in  the longitudinal direction may be called as
“the primary flow". The other two components in a cross—
section combine to the form so called "the secondary flow".

The secondary flow velocity components are usually
small compared to the primary flow velocity component , and
hence in most of the open channel flow studies , the flow
is usually considered as one-dimensional. The existence of
a free surface and wide variation of the geometric shape in
an open channel flow makes the analvsis guite complicated.
On  the other hand , the flow in an open chamnnel is almost
invariably turbulent. As a result , there is no well-
established velocity distribution formula , even for a one—
dimensional uniform open channel flow . However , many
problems , s=uch as those involving mass or heat transfer
reguire & detailed knowledge of the velocity and boundary-
shear distributions. In turbulent flows ,  whether closed
conduit or open channel flow , the researchers assume that
the velocity distribution normal to the wall follows the so

called "law of the wall®.



In this study ,the law of the wall for an open charnel flow
in a semi-elliptical channel is investigated.In the sub-—
sequent sections , a brief description of the classical law

of the wall and the literature survey will be discussed.

1.2 The Classical Law of the Wall

In a fully-developed turbulent flow over a smooth
boundary , the velocity distribution ,next to the boundary,
depends upon only the wall-shear stress 7, , the distance
from the boundary v,the viscosity A and the density P ,that
is

= f( T .y, A, §) (1.1)
where u is the mean velocity in the direction of the flow.
Dimensional analysis , applied to these variables gives the

functional relation
-z s FL YY) (1.2)

in which uT:\fo9 iz so called shear velocity , u
is the dimensionless velocity and y* = ey /Sy
is a dimensionless distance from the boundary.

Therefore , in the wall region , the nrnondimensional
velocity distribution , u / e » 13 a function of

\ . . %
dimensionless distance v .

The other important assumption in this region is that the

3]



total shear stress is almost constant and eqgual to  the

wall-shear stress , that is
T :/ﬂ ,,,,, -9 v ™ [& (1.3)

where (G is the total shear stress, A Qu /Oy is the viscous
stress and + 9 1u°’v’ is the Reynolds stress due to the
fluctuating velocity components u’ and v’.

In this region , although the shear stress is constant and
egual to the wall-shear stress , there are three different
regions depending on the relative magnitudes of the viscous
and the Revnolds stresses. These regions are the viscous

sublaver , the buffer zone and the fully-turbulent region .

Viscous Sublaver
In this region the shear stress is controlled by the
dynamic viscosity of the fluid A .Since the viscous
sub:laver is a very thin region next to the boundary , the
fluctuating velocity components w’ and v’ are almost zero ,
and the flow is laminar.
Consequently , the shear stress is only due to the viscous
part , and the velocity distribution is
uto= oy {(1.4)

This region is valid up to the y* is egual to 5.

Buffer Zone (Transition Zone)
Proceeding bevond the viscous sublaver , the flow

begins to change from laminar flow to turbulent flow and

U



the total stress is partly viscous and , partly turbulent.
The orders of the magnitude of the viscous and the
turbulent stresses are almost the same. This region is
called as buffer zone , and there is no universal relation
for the velocity distribution at this zone.

Buffer zone is valid in the range 5 ¢ y* { 30 to 70 .

Fully-Turbulent Zone

At this region , the flow is fully turbulent and the
Reynolds stress overdominates the viscous stress. Although,
the shear stress still can be considered as constant and
equal to the wall-shear stress , the shear stress is solely
duue  to the momentum transfer occuring between fluid lavers

by Tluctuations , i.e. due to the Revnolds stress

T=~ 9% uv’ = 0 {(1.5)

on the other hand, Prandtl’s mixing-length theory re
relates the Revnolds stresses to the velocity distribution
as

- Qu’v

H

R e — T, (1.6)

H

Q
<

.

where 1 is so called mixing—~length and 1is given by

1 = k v (1.7}

In this expression k iz assumed to be constant which is

known as von Karman’s constant and egual to 0.413 . If



.

Faguation {(1.4) is rearvanged and integrated , the well-
kriown logarithmic velocity distribution can be obtained as
11 1

- = = 1ln vy +8 (1.8
E i1

1.3 titerature Survey

The classical law of the wall is accepted by most
of the researchers such as Bakhmeteff,B.A. (1) , Chow,
v.T. (2) , Daily,J.V.R. & Harleman,D.R.F. (3) , Cebeci,T. &
Smith,aA.M.0. {4) and Deissler,R.G. & Tavlor,M.F. (5) .

Tracy,H.J. (&) assumed the velocity distribution of a

channel flow as
~~~~~ = G + Cdlog ~—-— (1.9)

in which €, and €, are constants , corresponding to the
values of 3.5 and &.5 respectively.

Van Den Berg,B. (7) derived the law of the wall for a
three dimensional open channel flow , taking the effect of
pressure gradient and inertial forces , into account. Tﬁis
three dimensional law of the wall also predicts the
rotation of the velocity vector near to the wall. Van Den
Berg,B8. (7) gives the velocity distributions along the

x and z directions as

- *’ KT
1 1 1 (In v") !
* * #
o= === Iny + At e oKy e £ T ! (1.10)
X X
ki 2 2 k i

i



and

B ey

(1.11)

o
it
!
{
{
2
o,
“x
+
o
N
+
N

* . . . .

Here wu, 1is the dimensionless velocity in the wall-shear
. . * . . , .

stress direction , u, is the dimensionless velocity in the

crosswise direction. The constants A and b are integration

constants , and

5 oOu Y, du
i ,_’32 ______ R (1.12)
u, ox W, Oz
P y) OF
O(x - ......){,3 ~~~~~ O(z - -—-—w~; ~~~~~ ( 1.13
e OX u, 9z

Chiu,C-i. , Lin,H-C. & and Mizumura,k. (

=), in their
study gave a different form of the law of ths wall for
Rio Grande Channel as

u 1 K

2 e 1y e (1.14)

U, k T,
in which T is & curvilinear coordinate system representing
an isovel along which u is constant and 7, is a constant
representing the channel boundary .

This form of the law of the wall may hold true for
the velocity distribution of a natural charnnel such as Rio
Grande Channel but it is not applicable to a geometrically
defined cross-section . The ¥ values which are accepted as

é



isovels by Chiu,C-L. , Lin,H-C. & Mizumura,K. (3) , are

increasing from channel boundary to the center of the
channel . on the other hand for an elliptical channel defined
by an elliptical-curvilinear coordinate system the 7 values
decrease from channel boundary 7, to the center of the
channel. Consequently ,the Equation (1.14) gives negative

values of velocity which is impossible .

1.4 . Scope of the Present Study

In turbulent flows , whether 1t is external or
internal , that is whether it is a flow around bodies or a
flow in a conduit , the law of the wall is assumed to be
valid next to the solid boundary.

For open channel flows , as explained in previous
section there is no well-established form of the law of the
wall. In this thesis , the form of the law of the wall ,
and hence the velocity distribution for an  open channel
flow in a semi-elliptic chamnnel is investigated.

In the analvsis ,an elliptical-cylindrical coordinate
system is used. Equations of motion is written in  this
orthogonal curvilinear coordinates.By using these equations
and Prandtl’s mixing-length theory , a form of the law of

the wall is established and applied to an existing data

obtained for a semi-elliptical open channel.



CHAPTER IX.

EQUATIONS oOF MOTION

General Remarks

B
3
[

The velocity distribution in a uniform channel flow
will become stabkle when the turbulent boundary laver is
fully developed. In the turbualent boundary laver over
smooth surfaces ,the law of the wall describes the velocity
distributions near the walls. as discussed in previous
chapter , an assumption in the derivation of the classical
law of the wall is that the shear stress is constant and
egqual to the wall~shear stress in the thin laver near the
wall. The constancy of the shear stress can be obtained
from the equations of motion and is valid if the boundaries
are,straight as in rectangular charnnels. On the other hand,
for flows in or over circular boundaries , due to the
curvature effects of the boundary , the equations of moiion
gives that , not the stress itself but the stress moment
r € , is constant and egual to r, ¢, , where r, is radius
of the cvlinder and T, is the wall—shear stress.
Consequently , the law of the wall differs than the
classical law Qf the wall as discussed by many
researchers , such as Rao , G.N.V. , () , Patel , v.C.
(10) , Denli , M. (11).

In this study , a wuniform open channel flow in a semi-

fax]



elliptical channel is investigated . Hence , to determine
the effect of boundary curvature on  the shear stress
distribution and consequently on the law of the wall ,it
will be the best to use elliptical-cylindrical coordinates
in the analysis of the flow.

In the subseqguent sections,the elliptical—-cylindrical
coordinates will be described first , then to determine how
the shear stress varies , the equations of motion will be

given in these orthogonal curvilinear coordinates.

2.2 The Elliptical ~ Cvlindrical Coordinates

The elliptical-cvlindrical coordinates , shown in

Figure (2.1) may be defined by the equations

X = X (2.1 a)
y = Xcosh T cos? (2.1 b)
7z = xsinh? sin”® (2.1 c)
X = a - b (2.1 d)
where Ty 0 and 0 ¢ 7 € 2 , a and b are major and

mirnor axes of the confocal ellipses .
From the equations (2.1 b) and (2.1 ¢) , it can be

shown that ,
VZ z?_
e ————— oz ] (2.2
{ o cosh T ) ( < sinh 7 )

which is the eguation of an ellipse with the semi-axes

0



? = const.

ll: const.

~lll>q

rl:')T

xs:nh}:b

FIG. (2.1) SCHEMATIC REPRESANTATION OF
ELLIPTICAL - CYLINORICAL COORDINATES

10



K cosh T in the v-direction and <sinh? in the z-dir-
ection . Therefore in the vz plane , a curve < = constant
is an ellipse with the semi-axes ocosh? and o<sinh? .
In particular ,the locus T = 0O degenerates into the
segment (-, X ) between the foci.

From the Eqguations (2.1 b) and (2.1 c) , it can alsoc
be shown that

y* z*?

{xXxcos?7 ¥ (xsin? ¥

H
[
Cant
v
1
1%
S

which i the equation of a hyperbola with semi~axes <X cos?
and o™sin{? . Therefore , a curve 7 = constant is half
of one branch aof an hyperbola with semi-~axes o cosq and
xkeinq .In particular , the loci 7 = 0 and 7=T are ,
respectively , the positive and negative exteriors of the
segment (- o, o ) which is defined by the curve 7T = 0.
Also , the loci 1 =T/ 2 and 7= 3 T/ 2 are ,
respectively ,the positive and negative portions of the z-

axl

i

o the other hand .,  the x-axis is normal to the vz
plane. The metric coefficients for the elliptical—

cylindrical coordinates defined above are (Hildebrand (12))

hy = h, = ot\[ecosh®F - cos®7 = h (3.4)

h, = 1 (2.5)
Since in  this study a uwuniform flow in a semi-

11



elliptical channel is considered , T = T, defines the
channel boundary at a cross-—-section and x-—axis is the
direction of the primary flow. On the other hand , as shown
in Figure (2.1) , the value of 7 = 0 is the upper half of
the ellipse and 4 =T is on the lower half. Since it would
not make any difference , consistent with the geometry ,the
centerline of the channel is taken as 1 = 0 in this study.

In particular , for the semi-elliptical channel in
which the velocity and the wall-shear stress measurements
were taken , the value of 7, is 0.425 and the value of
® is 0.305%4 m.. A schematic representation of the channel
cross—section and the equation of the channel geometry and

the range of 7 are shown in Figure (2.2) .

2.3 Eguations 0OFf Motion In  Orthogonal Curvilinear

Coordinates

Any fluid flow should satisfy the eguation of
continuity and the linear-momentum egquations . In the
following sections , the equations of the continuity and
momentum will be given for a general orthogonal curvilinear
coordinate system and then they will be reduced to the

elliptical-cvlindrical coordinates.

Or thogonal Curvilinear Coordinates
Let (x, , X, , X, ) be an orthogonal curvilinear

coordinates with the corresponding metric coefficients

12



=134

=30
-3

=334 mm.

ZQUATION OF CHANNEL BOUNDARY )
(y-o cosh?ﬂ)2 z? )
x* cosh* %, b2 =1

FIG.22 GEOMETRICAL ELEMENTS OF A SEMI-ELLIPTICAL
SECTION,
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(th, » h, , hy ), and uwu={0 , u, , u, ) be the

velocity vector with the components (u, , v, , u, ) along

{x, . %X, » %X, ) directions , respectively.

The Eguation of Continuity

For an incompressible fluid the continuity equation

.

divu=V.u=20 (2.8)

in  which the divergence operator in orthogonal curvilinear

coordinate system may be written as (Rouse , H.(13))

1 H °
********** | (hyhgu )+ === {h hyu, )
hy, h, hy {_98x, 3%,
2 Vo
+ o= (b hyug) 0= 0 (2.7)
%, i
2.3.3 The Linear - Momentum Eqguation

The linear-momentum equation in terms of nabla operator

y may ke written as

3 u 1
~~~~~~ + i . Vy u = f + - V _ @ (2.3)
a t A ~ ae ~ ? e A
in which f = (f , f,, f,) is the body force per unit
mass and ( is the stress tensor and § is the density.

For a steady uniform flow along the x, - direction the
acceleration terms given by the left hand side of the

gquation will be zero , and along the x;, - direction the

14



stress tensor (  have the components (G, » CTo » Ts Y- IF
the gravity , g , is the only body force , and z is the
vertical direction , then along the x - direction f, is

given by

With the substitution of Eguation (2.%9) into Eaguation
{(2.8) ,  the linear—-momentum equation for a steady uniform

flow along the x, - direction will be reduced to

1 9z 1 1 P
0 = -g —== —=== ko e | o (b, ) +
hy  9x § h hyh,i_ 9x,

= o
+ ——== (h, h,C,) + ——— (h h, C,)
sz axa

(2.10)

- -

2.4 Eguations of Motion In Elliptical - Cvlindrical

Conordinates

The orthogonal curvilinear coordinate system used
in this study is the elliptical-cvlindrical coordinate
system (x, 7, 7) with the metric coefficients (1, hy, h,) ,

respectively , in which h.f = h? = h as defined in Section

Eguation of Continuity
Let (1, v , w) be the velocity components along

(x , ¥ . 7 ) directions respectively. Then the eguation of

15



continuity given by egquation (2.7) will reduce to

2 (h"u) + . (h v) + 2 (h w) =0 (2.11)
O x 9% o7
For a steady wuniform flow in a semi-elliptical
charnnel , with the chosen coordinate system , u will be the
only wvelocity component for a unidirectional flow .
Consequently , the wvelocity uw will only be a function
of T and 7 , i.e. u= f{(%},7) . On the other hand , if
T = constant curves may be considered as isovels , then the
velocity u may become only a function of 7 , that is ,

that is , u = f(7F)

The Linear — Momentum Eguation
In elliptical—cylindrical coordinates |, Equation

2.10) will kecome

oz 1 L 1 9 )
0O = o~ = b e e T e ﬂfﬁ;) + ~——~(h7§x)
=P ® h {_9x G
3 N .
4 --é-;‘(”"‘ (h ?%")_; (":-1{2)
Multiplyving with and rearranging will vield
Qz o0, 1
D= = ¥ —~—= + —mmm b e (h G
9x ax 7]
1 o -
et (h gx) (2-13)
H 217
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For a steady uniform flow in a semi-elliptical
channel , the variation of 6« along the flow direction
will be zero , and as discussed above 1 is a function of
T only. Conseguently , the only shear stress must be
T},and Cx must be zero.On the other hand , - (9z /Ox ) is
nothing Put the channel bottom slope S,. 3Since Ty is the
only shear stress which is acting on T = constant
surfaces along the x- direction ,let us omit the indices and
simply call it as C . Therefore , Eguation (2.13) , with

Tex = €, will reduce to
0= -% 5+ ——= === {(h C) (2.14)

Equation (2.14) can be integrated to give the stress
distribution over the channel cross—-section. As discussed
in section (2.2) , T =7, is the channel boundary. Also the
shear stress acting on T, ig nothing but the wall-shear
stress ¢, . If h, is the metric coefficient for T =7, .

then Eguation {2.14) may be integrated as follows

h ki
d(hT) = -¥s, | h d¥ (2.15)

b, Gy - T,

Substituting Fauation (2.4) which is the expression for h ,

Equation (2.15) will be

17



3
¢ - h, T, = - ¥ 5, o (cosh® T ~cos® 7 ) d¥ (2.18)

%
Integration of the above ecguation then vields

- ~ ¥
! 1

[ ]
) i
hT - h T =~ ¥ SxXi ———T + - sinh2F - Tcos 7| {2.17)
L2 4 :

Let wus define that the function F (¥, 7 ) as the term in
the paranthesis in Eguation (2.17) , i.e.
1

1
F{F,7) = -——F + - sinh2% -~ Tcos’7 (Z
2 4

3%
%

ot
o
~

Substituting Eguation (2.18) and rearranging ., Eguation

(2.17) may be written as
!

T = hy Tyl 1 = s e ! (2.19)
13
]

As  can be seen from Eguation (2.18) , for small values of
% , the order of magnitude of the function F(tT,T7) is
given by the order of T . For the channel under consi-
deration , the values of < , %, and h, are 0.30& , 0.425 and
0.334 ,respectively . The specific weight , ¥ , of water is
10000 N/m . For the data of Taymaz ,Y.K. (14) , the maximum

value of T, is 1000 N/m for a slope of §,

0.020.

I

Therefore , for these values and for F 0.325 , the



order of magnitude of the last term in Eguation (2.1%) may

 be estimated as

(10000) {0.02) (0.030&8) (0.325-0.425)

(0.334) (1000)
~ 0. 00&

Therefore the last term contributes wvery little , then

Eguation (2.1%) may be approximated by
ft C = hy (2.20)

h T may be considered a kind of stress moment , and
Egquation {2.20) shows that the stress moment is constant
near the wall which is similar to the case in circular
boundaries. As discussed in Section (2.1) , for circular
oundaries , the stress moment v ( is constant near the
wall and equal to r, C, , where r, is the radius of the

boundary .

2.5 Relation Between The Velocity and The Shear

‘Stress Distribution

For a steady uniform turbulent open channel flow

the total shear stress at a point may be written as

1%



T=A —— - 90y’ (2.21)

which is the sum of the viscous and Reynolds stresses
and n is a direction measured normal to the boundary. A is
the dynamic viscosity of the water. 1’ and v' are the
fluctuating velocity components along the x and n
directions, respectively. If the Revynolds stress is related
to the mean velocity distribution via the mixing-length

theary , Eguation (2.21) becomes

AV]
t

I\
W
Ny

T= A —+ 81 (—— ) (
d

Introducing the usual rnondimensional guantities ,

defined in the following way

* 1] ., x Ml s’ e
o= e, o= ==, 1 = ey C= =
U 4 » s
(&S
and T (2.23)
S

where o is the kinematic viscosity of the fluid and ¢,
ig the shear stress at the wall , o= 0 . Eguation
{2.22) may bhe written as

- C =0 (2.24)

Solution of this guadratic vields that ; (Patel {(10)) ;

NG
o
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{ 1
S

Since ¥ =0 at n= o0 , the integration of Equation

{(2.25) vields

b3 .
= ) e e PRy d n (2.26)
1+ [ 1+ 4 1%TY”
o}

This is a relation between the velocity distribotion and
the stress distribution. In order to proceed further , it
is necessary to prescribe the function 1 and also the

variation of C with o .

25 Velocity Distribution For A Steady Uniform Flow

In A Semi — Elliptical Channel

In order to obtain the velocity distribution from
Eguation {2.2¢&) , it is necessary to know the shear stress
distribution through the wall region. The shear stress
distribution is , in general , dependent upon the geometry
of the flow. For a steady uniform flow in a semi-elliptical
channel , the shear stress distribution is obtained from
equation of motion and is given by Eaquation (2.20). In

nondimensoinal form Fquation (2.20) may be written as

* T ho
C 2 e oz e (2.27)
7. h



Generally , the flow in the wall region is subdivided
into three regions,namely a) the viscous sublaver , b) the
the buffer zone , c¢) the fully turbulent zone.

In the viscous sukxlaver , the Revnolds stresses are
generally assumed to be negligible compared to viscous
stresses ; hence the mixing length is fK= 0 . With fﬁz 0

and C = h,/h , Eguation (2.26) gives the sublaver relation

as %
g
h
%* ° X -
o= - n (2'2::’.)
h
O

In this expression n* is the distance normal to
the channel boundary . In terms of elliptical-cvlindrical

coordinates

dn=-hTdf = - h dF%
and (2.29)
u 1
d = "j‘dn—?“*DEhd-f

Substituting Eguation (2.29) into Equation (2.28) ,and with

when n =0, ¢ :'a , Eguation (2.28) gives that

W= | = e e b dT s | s d7 (2.30)

b
P



For flat surfaces , the viscous sublaver relation is

1} W
H b3 T L3
U = Y m e " v (5 (
Y/

N
U
Ny
S

Since hy (%~ T) represents the distance normal to  the
boundary , Equation (2.31) represents a generalization of
the linear relation for elliptical boundaries. For the
fully turbulent region , the viscous stresses are generally
neglected in comparison with the Revnolds stresses ,  and
the mixing-length is taken as fK: k 9*. Hence , this
spggests , by direct analogy , that in the fully turbulent
region , the mixing length should be replaced by

U, hy

RPN (
g

v
L4
i
~

Once  the distribution of the shear stress and  the
mixing - length are sstablished , the velocity distribution
in the fully turbulent zone can be obtained from Eguation
(2.26). Also , in this region , from order-of-magnitude
considerations , Eguation (2.2&) can be simplified as

2

follows : in the fully tourbulent region 4 > '?* is much

greater than one. Hence , Eguation {2.26) reduces to

s

it

i

1

1

!

!

i

1

{

H
+
&
—~
LV
Ui
N
A

where © 1is a constant of integration that should be

introduced :; because the limits of integration and the



faffer zone are not considered.

Substitution of Eaquations (2.27) , (2.29) and (2.33)
into Eguation (2.34) then vields that
*
o= + C (2.35)
Fguation (2.35) can be simplified and rearranged as
h
= d7
* 1 i,
T e | e e + G (2.34)
K (- %)

or the other hand ,  from eqguation (2.4) , the ratio of

h / h 1is given by

2
f cosh T~ cos™7
e 3 frmee o (2.57)
Fio cosh ¢, ~ cos ¢

Substitution of Equation (2.37) into Eguation (2.358),
then gives the velocity distribution in the Tully turbulent

region as

1 (cosh®T - cos*? )" d¥
YR — e 4 (

k (cosh® ? - cos® 1 )" {(F-¢t)

N
1%
xx]
S



The integral in Eguation (2.33) is an elliptical
integral , and there is no analytical solution of it. o©On
the other hand , if ¥ curves may be considered as
approximating the isovels , then the velocity u will bke
only function of ¥ , and hence the dependence of u on 7 may
be neglected . Therefore , the integral can be approximated

..t)

H

&

for specific value of T7=T. For 1 =T , Eguation (2.3
reduces to

% 1 Vsinh ¥  d¥

D T Tl + O {(2.3%)

Even in  this form , there is rno analytical solution to
Eguation (2.39). oOnn the other hand , the series expansion
of sinh T term is

sinh ¥

i

T o4+ - *E* + higher order terms 2_40)
3 1 5 1

11

Therefore , for small values of ¥ , with sinh 7 = 7 ,

eguation (2.3%) may be written as

X 1 V7 a7

u o= - e +C (2.41)

k \fsinh 7, (%,- F)

Equation ({(2.41) can be integrated analytically (Gradstsin



and Ryzik (15)) as

Eguation (2.42) can be rearrvanged as

- ¥
i N e
* '?a ; ?o
o e T N 1 T tuiniey + + B (2.43)
W/sinh 7, | %
i 1+ /=
2

where B is the constant of integration together with C .
In Eguation (2.40) , sinh ¥ is approximated as
sinh ¥ = F . Consistent with this approximation \/sinh¥, can

be taken as 7, , and hence Eguation (2.43) will reduce to

(2.44)

Therefore , the velocity distritution in the fully
turbnlent region may be given by Eguation (2.44). The data
of Tavmaz.,Y.K. (14) are compared with FEguation (2.44) as

explained in the following chapter .

I\
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CHAPTEHR IIX.

RESULTS AND DISCUSSION

In this thesis the velocity distribution in a semi-
elliptical open channel flow has been studied. By using the
linear - momentum equations in elliptical coordinates , and
. the mixing-length theory , a form of the }aw of the wall is
obtained . This form is given by Equation {(2.44)

On the other hand , in the classical law of the wall,
the velocity distribution is given by Equation (1.8 . In
these equations , Eguation (1.8) and Equation (2.44) the k
is known as von Karman’s constant and it is uwniversal . In
literature the value of k is taken as 0.4 , but in 1967 ,
Patel,V.C.{10) has shown that the value of k is 0.418 . ©On
the other hand constant B is not universal but it may take
different values for different flows.

To check the value of k and to determine the constant

B , Eguation (2.44) has been put in the following form :

i
1 i

* “ .
T T Aot £ T } o+ B (3.1)
13 . |9 ; i
i~ 1 N
and the data of Taymaz,Y.K. {14) have been used . Tavmaz,

Y. K. {(14) measured the velocities and the wall- shear

stresses for flows having different depths , discharges and



slopes in a semi—-elliptical open chammel .

In this study the following data of Taymaz,Y.K. (14)
have been used :
1. The data for horizontal slope which are labelled as -
H-Series . In this series the ones H-1 , H-2 , H-3 , H-&
which corrvespond to the depths 10.9 cm.,14.7 cm.,20.25 cm._,
and discharges 7.807 lt/sec.,l14.766 lt/sec.,30.20% lt/sec.,
45.0%¢ 1lt/sec. , respectively , have been‘taken -
2. The data for mild slopes which are labelled as M-Series.
In ™Ml series the ones MI-3 , Mi-4 , MI-5 , Mi-& , M1I-7

which correspond to the depths 10.3 cm. , 10.07 cm. ,

8]

02 lt/sec.,

.

13.82 cm.,19.5 cm.,25.25 cm., and discharges 9.:
S.557 lt/sec.,19.2%5 lt/sec.,31.575 lt/sec.,52.904 lt/sec.,
respectively , have been taken . The slope of M1 series is
0.00225 .

In M2 series the ones M2-3 , M2-5 , M2-& which correspond

to the depths 10.0 om., 15.44 com., 20.44 cm., and
discharges 11.1&7 lt/sec., 25.753 lt/sec., 41.1%3 lt/sec.,
respectively , have been taken . The slope of M2 series
is 0.00450 .

3. The data for steep slopes which are labelled as
S~Series.In 51 series the ones Si-2 , 8S1-3 , Si1-4 , 81-5
which correspond to the depths 10.3 cm. , 15.36 cm. ,
16.55% cm. , 20.22 cm. , and discharges 15.808 lt/sec. ,
36.230 lt/sec., 36.282 lt/sec..53.21% lt/sec., respectively

have been taken . The slope of 81 series is 0.00923 .

R
oo
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In 82 series the ones $2-2 , §2-3 , 52-4 which correspond
to the depths 11.02 cm.,14.%8 cm.,1%.45 cm., and discharges
20239 1lt/sec.,33.493 lt/sec.,61.353 lt/sec., respectively,
have been taken . The slope of 52 series is 0.0173 .

For each set of data of Taymaz , Y.K. (14) , the
F = constant and 7 = constant curves and their values
corresponding to the measurement points have been determi-
ned and shown in Figure (3.0) . For each 7 = constant
curve , the values of the wall-shear stress have been taken
directly from data of Taymaz,Y.K. (14). Then along each
7 = constant curve , for each ¥ value , the corresponding
velocity have been determined either from the direct
measurement or by interpolation . These computations are
given in Tables (3.1) - (3.1%) . .

Also for each set of data , the wvalues of
[u*~(2/k)V%Fi] versus [ 1 - (V?jri) 1 /701 + (V?jﬁi) 1
have been plotted on semi-logarithmic papers , as shown in
Figures (3.1) - (3.1%) .

In each of these figures , the 7 wvalues are changing
from 11.31 to 5%.73 . At Section (2.5) ,in the derivation
of the law of the wall , it has been assumed that , if
T curves may be considered as isovels , the primary flow
velocity w , may be considered as a function of T only ,
and the dependence on 7 may be neglected . As can be seen

from the figures , this assumtion is verified .
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H-1 SERIES d =109 ca. slope = 0.00000 Q=7.807 lt/sec.
0.

17 £}
0.? ----------- ¥ ¥ 2 |7
SECTION | 7 ki hy 1 hy 1 (EE b ey L e
{s.) (a.) {(a.fs.) | {(a./s.) ° °
£ 41.54000 10.33400 ;0.23500 10.24300 ; 0.95054 | 0.42960 ; 0.02358 0.02536 7 18.21833 13.67073
D 0.29200 10.22200 10.24500 | 0.82882 | 0.53350 | 0.02358 0.09356 § 22.62511 18.65912
¢ 0.19700 (0.21176 10.24300 | 0.68083 | 0.56070 ; 0.02358 0.18989 | 23.77863 20.52107
B 0.09800 10.20509 10.24300 | 0.48020 } 0.58%45 § 0.02358 0.35117 | 24.99788 22.70029
E 35.63000 10.40900 10.23000 10.23330 { D.98100 § 0.34903 | 0.02358 0.00959 | 14.83800 10.14424
] 0.31000 10.21400 :0.23330 1 0.95406 ; 0.52503 | 0.02358 0.07872 1 22.265%0 13.17951
i 0.20900 10.20200 10.23330 | 0.70126 | 0.56745 | 0.02358 0.17560 § 24.06489 2070958
8 0.10500 :8.19400 0.23330 ; 0.47705 | 0.58804 { 0.02358 0.33596 | 24.93803 22.55985
D 36.40000 (0.32500 ;0.20300 10.22600 : 0.37447 ; 0.50890 ; 0.02353 0.066%7 | 21.58185 17.39776
¢ $.21300 10.19400 ;0.22600 § 0.71620 ; 0.56220 | 0.02338 0.16537 | 23.94224 2041545
B 0.11000 ;018300 10.22600 ; 0.50375 ; 0.58440 § 0.02358 0.32560 ; 24.73372 22.34952
D 35.52000 ;0.33200 10.20570 :0.22260  0.33384 | 0.493%0 ; 0.02353 0.06166 | 21.15776 16.92833
¢ 0.22400 ;0.19070 10.22260 § 0.72592 | 0.55762 § 0.02358 0.15876 | 23.64801 20.17438
B §.11300 ;0.18110 10.22260 | 0.51564 { 0.58222 ; 0.02358 0.31933 ; 24.6%126 22.22410
D 32.16000 ;0.35100 ;0.13300 10.21100 { 0.921564 ; 0.44560 ; 0.02358 0.04078 ; 19.74555 15.33581
¢ +10.24200 10.17900 10.21100 | 0.7545% | 0.53740 1 6.02358 0.13986 | 22.87532 19.26432
B 0.12200 ;0.16700 10.21100 ; 0.53578 | 0.574%0 | 0.02358 0.30227 | 24.38033 21.81730
B 28.45000 ;0.40100 ;019270 ,0.17800 ; 0.97135 ; 0.36330 ; 0.02358 0.01453 | 15.40712 16.75%50
¢ 1 0.27180 10.16520 10.19800 | 0.79853 ; 0.51520  0.02338 0.11202 } 21.84902 18.02832
B i 0.13700 ;0.15170 ;0.19800 ; 0.56775 ; 8.56410 ; 0.02353 0.27570 | 23.92282 21.20625
¢ ‘26.58000 0.29000 10.16350 (0.19100 ; D.82605 ; 0.50220 ; 0.02353 0.09926 ; 21.29771 17.34533
B 0.14100 10.14320 10.19100 § 0.57999 ; 0.55920 | 0.02353 0.26904 | 23.71501 20.95908
¢ 24.22008 {0.31800 10.16000 {0.18360 | 0.86501 | 0.50480 § 0.02358 0.07233 | 21.40797 17.26919
B 0.16000 :0.13430 0.18360 | 0.61357 ; 0.56780 ; 0.02358 0.23249 | 24.16455 21.22830
} ¢ 19.16000 10.39300 ;0.15%00 (0.16700 § 0.26162 | 0.36320 002358 0.01957 | 15.61493 11.01389
1 B 0.20400 {0.11850 {0.16700 | 0.69282 ; 0.52950 | 0.02358 0.13146 | 22.45547 1914054
B 17.30000 10.21500 :0.11300 10.16200 § 0.71620 | 0.51960 | 0.02358 0.16537 | 22.03562 18.60833
] 11.31000 10.31100 ;0.11380 {D.14680 | 0.85543 | 0.48150 | 0.02358 0.07792 | 20.41985 16.32687

1
TABLE 3.1 Analysis of Data for H -1 Series.
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H-2 SERIES d=14.70 ca. slope = 0.00000 8= 14.766 1tfsec.
0.
(%)

0.? ----------- ¥ ¥ 2 7
SECTION | 7 K hy h, 1 (¥/% v Uy “(UQ{.? b v - e
{a.) | (a.) ) {n./s.} 1 (a./s.) * °
F 50.65000 :0.41000 ;0.26750 ;0.271%0 ; 0.99219 ; 0.49380 ; 0.02851 0.008738 | 16.96633 12.26634
£ 0.33100 10.25810 10.27130 | 0.88251 ; 0.63020 { 0.0288! 0.06241 | 21.87435 17.65181
I 0.25100 :0.24900 10.27190 ; 0.76850 ; 0.68370 | 0.02881 0.13090 ; 23.73134 20.05432
B 0.08400 10.23797 10.27190 | 0.44458 | 0.72730 | 0.02881 0.38449 | 25.24471 23.11755
£ 45.30000 {0.34400 ;0.25240 ;0.26500 ; 0.89967 1 0.61430 | 0.02831 0.05281 § 21.32246 17.01780
B $.25900 ¢0.24250 ;0.26500 ; 0.78065 ; 0.63370 | 0.02831 0.1231%  23.73134 12.99618
¢ 0.17400 10.23460 10.26500 ; 0.63%65 { 0.71990 ; 0.02881 0.21962 | 24.93785 21.92635
8 §.08700 10.22670 {0.26500 ; 0.45244 ; 0.73020 7 06.02881 0.376%9 | 25.34537 23.18054
£ 4560000 {0.36300 ;0.24710 10.25640 ; 0.93053 ; 0.59650 ; 0.02831 0.03593 ;| 20.70462 16.25233
D 0.27100 10.23410 10.25640 | 0.79853 | 0.679%0 | 0.02851 0.11202 | 23.59944 19.77874
¢ 0.18200 10.22560 10.25640 | 0.65440 ; 0.71990 ; 9.02881 0.208%0 | 24.93785 21.85677
8 06.09100 10.22040 ;0.25640 | 0.46273 | 0.73020 | D.02881 0.36731 | 25.34537 23.13135
£ 41.54000 10.35400 10.23600 10.24300 | 0.95054 | 0.52990 | 0.02881 0.02336 | 18.39292 13.84487
B .29260 10.22200 {0.24300 ; 0.32889 ; 0.65820 ; 6.02331 §.09356 | 22.84623 18.85025
g 0.19700 10.21176 10.24300 | 0.68033 | 0.71100 | 0.02881 0.189892 1 24.67893 21.42137
8 0.09800 10.20509 :0.24300 ; 0.48020 ; 0.71340 | 0.02331 B.35117 § 24.76224 22.46465
E 33.63000 ;0.40900 ;0.23000 ;0.233306 ; 0.73100 ; 0.43450 ; 0.02831 0.0095% | 15.08157 10.33731
B §.31000 10.21400 (8.23330 { 0.85406 § 0.63720 | 0.028861 0.07872 § 22.11732 16.03093
¢ 0.20200 10.20200 10.23330 § 0.70126 ; 0.70250 ¢ 0.023381 0.17560 | 24.3838% 21.02859
B 0.10500 0.19?00 0.23330 ; 0.49705 | 0.71340  0.02851 0.335%6 § 24.76224 22.38401
)] 36.40000 {0.32500 10.20800 10.22600 ; 0.87447 ; 0.61930 | D.02881 0.066%7 ¢ 21.51683 17.33275
& 0.21300 10.12400 ;0.22500 ; 0.71620 ; 0.69620 : 0.02381 0.16537 ¢ 24.16522 20.73843
B i £.11000 10.18500 {0.22600 ; 0.50875 § 0.71250 § 0.02981 0.32560 | 24.73180 22.29630
)} 535.52000 0.33200 10.20570 10.22260 ¢ 0.83384 § 0.61030 | 0.02881 0.06166 | 21.18362 16.95471
¥ §.22400 ,0.13070 10.22250 ; 0.72599 | 0.69250 | 0.02331 0.15876 1 24.03679 20.56317
B 8.11300 10.13110 30.22260 ; 0.51564 | 0.71060 | 0.02381 0.31958 | 24.66505 22.19788
] 32.16000 §0.36100 :0.19800 10.21100 { 0.92164 | 0.56230 } 0.028%1 0.04078  12.51753 15.10779
£ 0.24200 ;0.17900 ;0.21100 ; 0.75459 ¢ 0.672%0 ¢ 0.02331 0.13%36 ¢ 23.35647 12.74598
B 0.12200 10.16700 {0.21100 | 0.53578 { 0.70610 | ©.02381 0.30227 { 24.50885 21.94532
b} ,28.45ﬁ00 0.40100 10.19270 10.19800 { 8.97135 | 0.46290 | 0.02981 0.01453 | 16.06734 11.41971
t 0.27100 ;0.14820 :0.19300 ; 0.79853 | 0.64170 ; 5.02981 08.11202 ; 22.27352 15.45231
8 0.13700 (0.15170 {9.19800 ; 0.56776 | 0.69870 | 0.02881 0.27570 | 24.25200 21.53543
¢ 26.50000 {0.29000 0.15350 10.19100 ; 0.82605 § 0.62160 | 0.02881 0.09526 | 21.57584 17.62347
8 0.14100 ;0.14320 {0.19100 ; 0.57592 ; 0.69210 { 0.02381 0.26904 | 24.022%1 21.268697
£ 24.22000 :0.31800 ;0.16000 j0.13360 ; 0.36501 ; 0.5%020 ; 0.02331 0.07238 | 20.483%4 16.34714
B 0.16000 10.13480 ;0.18360 § 0.61357 | 0.68060 | 0.02881 0.23949 | 23.62374 20.68799
o 1914000 ;0.39300 10.13900 10.16700 § 0.96162 ; 0.46100 { 0.02881 0.01957 | 16.00139 i 11.40035
B 0.20400 ;0.11850 ,0.16700 § 0.89282 | 0.65320 ; 0.02831 0.13146 ; 22.34623 : 12.53130
8 17.30000 ;0.21800 {D.11300 ;0.156200 ; 0.71420 | 0.64360 | 0.0283) 0.16537 | 22.31864 13.89185
8 11.31000 10.31100 ;0.11380 ;0.14680  0.85543 ; 0.59440 | 06.02381 0.07792 ¢ 20.63173 15.53875

TABLE 3.2 Analysis of Data for H -2 Series.
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H-3 SERIES

d = 20.25 ca.

slope = £.00000

0= 30.209 lt/sec.

6.
1'(?/?0?
0.? ----------- ¥ 2 |7
SECTION 4 ¥ h? h,z (?/% i U, 1+(‘f/9{§ i b - -{ -_t-'-
(a) | (a) {a.fs.) | (r./s.) ¢ °
F 50.65000 ;041000 ;0.26950 ;0.27190 | 0.98217 ; 0.67180 ; 0.04064 0.00893 ¢ 17.02264 12.32314
E 0.33100 }0.25810 {0.27190 ; 0.88251 { 0.58650 | 0.04064 0.06241 | 21.81348 17.59%095
) 0.25100 ;0.24900 :0.27190 | 0.756850 ; 0.92550 1 0.04064 0.13090 § 22.7755% 19.09857
I 0.16300 10.23800 10.27190 | 0.62872 | 0.94060 | 0.04064 0.22795 | 23.14%61 20.14134
8 0.03400 0.23797 i0.27190 | 0.44458 ; 0.95230 ; 0.04084 0.38449 | 23.43258 21.30542
£ 43.30000 10.34400 10.25240 $0.26500 § 0.39767 | 0.96620 ¢ 0.04064 5.05281 ¢ 21.31398 17.00932
] 0.25900 10.24250 10.26500 { 0.78065 ¢ 0.91870 { 0.04064 0.12319 1 22.60581 18.87065
¢ 0.47400 10.23460 10.26500 | 0.63935 | 0.93950 ; 0.04064 0.21962 | 23.11762 20.05612
B 0.08700 10.22690 10.26500 ; 0.45244 | 0.95180 ; 0.04064 0.37699 | 23.42028 21.25547
E 4560000 10.36800 10.24710 10.25640 § 0.93053 | 0.54040 | 0.04064 0.03392 | 20.67713 16.22685
b £.27100 10.23410 10.25640 | 0.79353 § 0.315%0 1 0.04054 0.11202 § 22.536%1 18.71820
¢ §.18200 10.22560 10.25640 | 0.65440 { 0.93910 | 0.04084 0.20890 | 23.10778 19.97669
. 0.09100 0.22040 ;0.25640 ; 0.46273 1 0.94670 | 0.04064 0.36731 1 23.29473 21.08077
E 41.54000 ;0.33400 ;0.23500 :0.24300 | 0.95054 § 0.74970 ; 0.04064 0.02538 { 13.93%47 14.39142
)] 0.29200 10.22200 18.24300 { 0.52889 | 0.93540 | 0.04084 §.09356 | 23.01673 19.05075
i 8.19700 (0.21176 {0.24300 § 0.63083 { 0.93430 | 0.04064 0.18989 | 23.03048 19.78132
B 0.09800 10.20509 10.24300 | 0.48020 § 0.93460 | 0.04064 0.35117 | 22.99705 20.69%45
£ 38.53000 {0.40900 1D.23000 {0.23330 | 0.28100 ; 0.67900 | 0.04064 0.0095% | 16.70768 12.01392
D §.31000 10.21400 0.23330 § 0.85406 | 0.83470  0.04044 0.07372  21.76%1% 17.58239
¢ §.20900 10.20200 10.23330 | 0.70126 | 0.92850 | 0.04064 0.17560 | 22.54695 19.49164
8 £.10500 ;0.19400 (0.23330 0.49705 0.23350 | 0.D4064 0.335%8 | 22.96993 28.52175
)] 35.40000 :0.32500 ;0.20800 ;0.22600 | 0.97447 ; 0.35%70 ; 0.04064 0.066%7 1 21.15404 16.96995
¢ 0.21800 10.19400 10.22600 { 0.71620 { 0.92050 } 0.04064 0.16537 | 22.65010 19.22331
B 0.11000 ,0.13580 ,0.22600 ; 0.503875 ¢ 0.927%0 ; 0.04044 0.32560 ¢ 22.383219 20.3973%
b 35.52000 {0.33200 :0.20570 :0.22260 ; 0.93384 ; 0.84%30 , 0.04084 0.06166 1 20.91043 16.68152
¢ 0.22400 (0.12070 10.22260 § 0.725%2 { 0.215%0 ; 0.04064 0.15876 § 22.536%1 19.06328
] 0.11300 (0.19110 16.22260 | 0.51564 ; 0.92600 ; 0.04054 0.31958 § 22.73543 20.31827
] 32.16000 {0.36100 ;0.19300 10.21100 ; 0.921a4 | 0.79960 1 0.04054 0.04073 | 19.67520 15.25546
£ 0.24200 186.17900 10.21100 | 0.75459 | 0.39990 | 0.04064 0.13986 | 22.14321 18.53271
8 0.12200 0.15700 10.21100 ; 0.53578 ; 0.%2330 1 0.04084 8.30227 | 22.71%00 20.15345
D 28.45000 10.40100 0.19270 D.19300 ; 0.97135 ; 0.68510 i 0.04064 0.01453 | 16.85778 12.21015
¢ 0.27100 10.16320 (D.19800 | 0.79853 { 0.98410 | 0.04064 0.11202 1 21.75443 17.93372
B 0.13700 {0.15170 (0.19800 | 0.56775 1 0.91540 ; 0.04064 0.27579 | 22.59843 19.88136
¢ 26.50000 10.29000 10.16350 10.19100 ; 0.82605 { 0.83030 ; 0.04064 $.09525 | 20.44291 16.43054
B 0.14100 D.14320 {0.19100 | 9.57599 ; 0.91370 | 0.04064 0.26%04 | 22.48278 19.72684
£ 24.22000 {6.31500 :0.16000 10.18350 | 0.86501 | 0.85480 | 0.04064 0.07238 | 21.03344 16.894563
8 0.16000 :0.13480 10.18380 | 0.41357 | 0.90550 ; 6.04064 0.2394% 4 22.28100 19.34525
(H 19.146000 ;6.39300 10.15900 ;0.16700 ; 0.96162 ¢ 0.71150 | 0.04064 0.01957 ; 17.50738 12.90635
8 0.20400 10.11850 18.16700 | 0.69282 | 0.89350 | 0.04084 0.18146 | 21.98819 18.67326
8 17.30000 10.21800 {0.11300 }0.16200 { 6.715620 ; 0.88200 | 0.04064 0.16537 § 21.70276 18.275%7
B 11.31000 (0.31100 {0.11350 10.14680 | 0.85543 | 0.82380 | 0.04064 0.077%2 i 20.27067 16.17769
¥
TABLE 3.3 Analysis of Data for H -3 Series,
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H-6 SERIES d = 25.19 ¢r. slope = 0.00000 0= 45.09 1i/sec.
8.5
1-(%/%,)
SECTION | 7 T | oh b g b, | st v dot-X ‘/-?
¥ 1 ° o (x /?{5 kY g
(n.) {n.) {s./s.) | {a.fs.) -
F §9.73000 {0.37000 {0.23860 10.29640 | 0.93305 | 0.95670 { 0.04a32 0.03463 } 20.65504 16.19067
E 0.29°%00 (0.28020 {0.29640 | D.83877 | 1.03200 | 0.04632 0.08769 § 22.28075 18.26732
B 0.22600 §D.27340 ;0.29540 | 0.72922 | 1.06000 | 0.04432 0.15659 | 22.83527 19.39617
¢ 0.15100 ;0.26540 (D.29640  0.59607 ; 1.07130 | 0.04632 0.25308 § 23.12924 20.27725
8 0.07400 0.26540 ;0.29640 | 0.42288 | 1.06300 | 0.04632 | -~ 0.40560 { 22.95004 20.92671
F §5.34000 ;0.38600 10.27930 106.28510 { 0.95301 | 0.90310 } 0.04632 0.02406 | 19.49732 14.93734
E 0.31200 10.26970 10.28510 | 0.85681 ; 1.02850 ; 0.04632 0.07712 | 22.20519 18.10564
)] 0.23600 10.26200 10.23510 | 0.74518 ; 1.06300 | 0.04632 0.14601 | 22.95004 19.38458
¢ 0.15800 10.25630 10.28510 | 0.60973 § 1.06500 ; 0.04632 0.24245 | 22.99322 20.07588
B 0.03000 §0.25230 ;0.28510 | 0.43336 | 1.06200 | 0.04632 0.3%484 | 22.92845 20.85254
F 50.65000 }0.41000 }0.26950 §0.27190 | 0.98219 | 0.79080 ; 0.04632 0.00398 § 17.07323 12.37378
£ 0.33100 10.25810 {0.27190 i 0.88251 { 1.01040 ; 0.04632 0.06241 1 21.81441 17.59188
D £.25100 10.24%00 ;0.27130 | 0.76850 ; 1.05900 | 0.04632 0.13090 | 22.86368 19.18665
£ 0.16800 10.23800 10.27190 ; 0.62872 | 1.06230 ;1 0.04632 0.22795 ; 22.93493 19.92668
B 0.08400 {0.23797 10.27190 | 0.44458 | 1.05%00 | 0.04432 D.33449 | 22.86348 20.73653
£ 43.30000 10.34400 {0.25240 10.24500 | 0.99967 { 0.99610 | 0.04632 0.05281 | 21.50563 17.20102
] 0.25900 :0.24250 10.25500 § 0.78065 ; 1.04400 ; 0.04532 0.12319 ; 22.53933 18.80467
¢ 0.17400 10.23460 §0.26500 § 0.63985 | 1.06140 | 0.04432 0.21962 1 22.91550 12.85400
B 0.08700 10.22690 10.26500 ; 0.45244 ; 1.05900 ; 0.04632 0.3769% § 22.86368 20.69883
£ 45.60000 0.36800 (0.24710 ;0.25640 ; 0.93053 | 0.96950 ¢ 0.04432 0.03599 | 26.93139 16.47910
)] $.27100 {0.23410 10.25640 | 0.79353 ; 1.03920 | 0.04632 0.11202 | 22.43520 13.61549
¢ §.18200 10.22560 10.25640 ; 0.55440 { 1.05920 ; 0.04632 0.208%0 | 22.86800 12.73691
B 0.09100 ;0.22040 ;0.25640 | 0.45273 | 1.05820 } 0.04432 0.36731 } 22.34541 20.63240
E 41.54000 ;0.38400 10.23600 10.24300 | 0.95054 ; 0.90170 | 0.04632 0.02536 | 19.46759 14.91985
] 0.29200 ;0.22200 10.24300 ; 0.82889 ; 1.03460 § 0.04632 0.09356 1 22.3368% 18.37091 |
G §.12700 10.21176 10.24300 ; 0.53083 ; 1.05750 ; 0.04632 0.18982 | 22.33130 12.57374 |
B 0.096800 10.20509 10.24300  0.42020  1.05%00 ; 0.04632 0.35117  22.86368 20.56609
13 38.63000 30.40900 {0.23000 ;0.23330 § 0.98100 | 0.77450 | 0.04632 0.00959 | 16.72136 12.02760
)] 0.31000 {0.21400 ;0.23330 ; 0.35406 ; 1.01440 | 0.04432 0.07872 ¢ 21.943%5 17.85756
¢ £.20900 10.20200 0.23330 ; 0.70126 ; 1.05090 | 0.04432 0.17560 | 22.63880 19.33350
8 0.10500 ;0.12400 §0.23330 | 0.49705 | 1.05090 | 0.04432 §.335%6 | 22.63330 20.31057
D 36.40000 1D.32500 10.20800 {0.22600 | 0.87447 | 1.00010 } 0.04632 0.064%7 § 21.537204 17.40795
g §.21800 0.12400 10.22600 ; 0.71620 ; 1.05040 ; 0.04632 0.16537 | 22.67801 19.25122
B $.11000 10.13500 1D.22600 | 0.50875 | 1.05090 | 0.044632 0.32560 | 22.63830 20.25461
D 35.52000 15.33200 {06.20570 10.22250 | 0.88384 | 0.99070 | 0.04632 §.06166 § 21.33309 17.16018
£ §.22400 0.19070 10.22260 ; 0.72599 | 1.04840 | 0.04632 0.15876 | 22.63483 19.16120
B 0.11300 §0.13110 ;0.22260 | 0.51564 | 1.05070 | 0.04632 0.31958 | 22.60449 20.21732
] 32.16000 ;0.356100 10.19300 §0.21100 § 0.92164 { 0.93280 | 0.04632 0.04073 § 20.13904 15.72930
¢ 0.24200 :0.17900 10.21100 | 0.75459 | 1.03370 ;| 0.04632 0.13386 ; 22.31748 18.706%6
8 0.12200 ;0.16700 30.21100 ; 0.53578 | 1.04370 ; 0.04632 0.30227 | 22.64131 20.07777 |
B 28.45000 10.40100 ;0.19270 (0.19800 { 0.97135 | 0.92570 | 0.04632 0.01453 § 17.82676 13.17913
£ 0.27100 0.16820 10.19800 ; 0.79853 | 1.01060 | 0.04532 0.11202 | 21.81873 17.99802
8 6.13700 §0.15170 0.19800 | 0.56774 | 1.04440 { 0.04432 0.27570 | 22.54847 19,8311
H 26.50000 10.29000 ;0.14350 {0.19100 | 0.82605 | 0.79710 | 0.04632 0.09526 | 21.52727 17.57439
B 0.14100 10.14320 §0.1%100 { 0.57599 1 1.04030 , 0.04632 0.26904 | 22.45995 12.70402
£ 24.22000 10.31300 ;0.16000 ;0.18340 | 0.86501 | 0.97980 | 0.04532 0.07238 | 21.15376 17.014%8
8 0.16000 10.13480 ;0.18360 ; 0.41357 | 1.03270 } 0.04532 0.23%4% | 22.29387 192.36012
¢ 1%2.16000 0.32300 }0.15900 10.16700 ; 0.95142 | 0.32910 | 0.04432 0.01257 | 17.90017 13.29913
B 0.20400 {0.11850 iD.16700 ; 0.69282 | 1.00960 | 0.04632 0.18146 | 21.79714 18.48221
] 17.30000 10.21800 10.11300 ;0.156200 ; 0.715620 | 1.00280 | 0.04632 0.16537 ¢ 21.65033 15.22354
B 11.31000 10.31100 ;0.11330 10.14680 ; 0.85543 | 0.94290 | 0.04632 0.07792 § 20.35710 16.26412
3
TABLE 3.4 dnalysis of Data for H - 6 Series,
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Hi-3 SERIES d = 10.30 ca. slope - 0.00295 8:-9.808 lt/sec.
9.
1—(?/-&?
secrion | 7 h h, bl T Y T Dy A
¥ ¥ ? COLT]E) el =
{a.) {s.) {(n.fs.) 1 (a.fs.)
E 41.54000 ;0.38400 10.23600 ;0.24300 ; 0.95054 ; 0.64740 § 0.03573 0.02836 ; 18.01837 13.47032
)] 0.29200 10.22200 10.24300 | €.52889 { 0.76290 | 0.03593 0.09356 § 21.23295 17.26697
g i 0.19700 10.21176 10.24300 ; 0.63083 ; 0.81400 ; 0.03593 §.18989 | 22.65518 19.33760
B ; §.09800 {0.2050% ;0.24300 | 0.48020 } 0.83970 | 0.03593 0.35117 | 23.37044 21.07285
E 38.63000 ;0.40900 {0.23000 {0.23330 | 0.92100 ; 0.57130 | 0.03593 0.00259 § 15.90036 11.20660
) 0.31000 ;0.21400 {0.23330 ; 0.35406 | 0.75150 | 0.03593 0.07872 1 21.1939% 17.10750
¢ 0.20900 {0.20200 10.23330 ; 0.7012s6 | 0.81400 ; 0.03593 0.175660 § 22.6551¢6 19.29935
8 0.10500 {0.17400 ;0.25330 ; £.49705 ; D.83970 i $.03593 0.33598 1 23.37044 20.99221
i} }36.40000 £.32500 ;0.20800 ;0.22600 ; 0.87447 ; 0.74000 ; 0.035%3 0.068%97 | 20.59540 16.41151
¢ 0.21300 10.19400 10.22600 | 0.71620 | 0.81400 ; 0.03593 0.16537 | 22.65516 19.22837
B 0.11000 ;0.19500 10.22600 ; €.50875 ; 0.33860 ; 0.03593 §.32560 | 23.28416 20.849%7
] 35.52000 10.33208 18.20570 10.22250 ; 0.88334 ; 0.72630 ; 0.03593 0.06166 | 20.21431 15.%8540
¢ 0.22400 30.19070 10.22250 ¢ 0.72599 | 0.80760 | 0.03593 0.15876 ; 22.47704 1%.00341
B §.11300 ;0.15110 10.22260 ; 0.51564  0.833560 ; 0.03523 8.31958 ; 23.20067 20.73350
B 32.16000 10.36100 10.19800 ;0.21100 ; 0.92164 ; 0.67620 1 0.03593 0.04073 | 13.81993 14.4101%
¢ §.24200 ;0.17900 {0.21100 | 0.7545% § 0.77210 { 0.03593 0.13986 § 21.43901 17.87851
8 0.12200 ¢0.15700 :0.21100 § ©€.53578 1 0.92330 ; 0.63593 0.30227 | 22.91400 20.35045
i} 23.45000 {0.40100 ;0.19270 {0.19300 ; 0.27135 ; 0.57100 ; 0.035723 0.01453 ; 15.89201 11.24438
£ 0.27100 0.15820 10.19800 | 0.79853 | 0.73730 | 0.03593 0.11202 } 20.52046 16.69975
B 0.13700 ;0.15170 ;0.19300 | 0.56776 ; 0.30030 ; 0.035%3 0.27570 | 22.28773 19.57122
£ 26.50000 {0.29000 {0.16350 ;6.19100 | 0.82605 ; 0.72340 ; 0.03573 0.09526 ; 20.13359% 16.18122
] 0.14100 10.14320 30.19100 | 0.57599 | 0.79240 | 0.03593 0.26904 | 22.05399 19.29806
¢ 24.22000 {0.31800 ;0.16000 10.18360 { 0.86501 | 0.70200 { 0.03593 8.07238 | 19.5379% 15.39921
8 $.14000 0.13430 ;0.18360 | 0.61357 | 0.78860 ; 0.03393 0.23949 § 21.94323 12.01248
[ 19.16000 10.39300 ,0.15900 ;0.156700 ; 0.96162 ; 0.59150 ; 6.03593 0.01957 | 16.46257 11.86153
i 0.20400 ;0.11850 10.16700 | 0.49282 | 0.77120 1 £.03593 0.18146 | 21.46396 18.14903
B 17.30000 10.21800 10.11300 {0.16200 ; 0.71s820 | 0.75770 ; 0.035%3 0.16537 | 21.08823 17.66144
B 11.31000 0.31100 10.11380 {0.14680 } 0.85543 1 0.70550 | 0.03593 0.07792 1 19.63540 15.54242 -
] H

TABLE 3.5 Analysis of Data for Ml - 3 Series.
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M -4 SERIES d = 16.07 ¢a.  slope = 0.00295 § = 9.5570 1t/sec.
0.3
1-('{170)
SECTION | 7 7 4 b b, L(HE U o, | I Ly 8
11 he - R NA V7
(2.) | (a.) (a.fs.) | (n.fs.)
E 41.54000 {0.38400 10.23600 {0.24300 | 0.95054 § 0.62570 | 0.03352 §.02536 | 18.56647 14.11842
E 38.63000 {0.40%00 ;0.23000 10.23330 } 0.98100 } 0.52812 ; 0.03352 0.0095% | 15.69570 11.001%4
)} 0.31000 10.21400 10.23330 1 0.85406 ;1 0.74763 ¢ 0.03352 0.07872 | 22.30400 18.21760
¢ 0.20700 30.20200 §0.23330 ¢ 0.70126 ; 0.76121 } 0.03352 0.17560 § 22.70913 19.35382
B 0.10500 {0.12400 ;0.23330 | 0.49705 | 0.80612 { 0.03352 0.33596 | 24.04893 21.67070
D 36.40000 :0.32500 ;0.20800 ;0.22600  0.87447 | 0.73295 ; 0.03352 0.06697 | 21.86605 17.631%96
|4 0.21300 10.12400 10.22600 ; 0.71620 | 0.7700% | 0.03352 0.16537 § 22.97405 19.54726
B 0.11000 ;0.18500 ;0.22400 ; 0.50875 | 0.81400 | 0.03352 0.32560 | 24.23401 21.84981
D 35.52000 10.33200 0.20570 10.22260 ; 0.88384 ; 0.72280 ; 0.03352 0.06166 § 21.56325 17.33434
[ D.22400 ;0.1%070 10.22260 ; 0.72592 1 0.77008 ; 0.03352 0.153876 | 22.97315 1%.50012
B 0.11300 10.13110 10.22260 { 0.51564 { 0.81452 } 0.03352 0.31958 | 24.29952 21.83236
b 32.16000 10.36100 ;0.19800 ;0.21100 ¢ 0.92164 ; 0.65624 ; 0.03352 0.04078 | 19.57757 15.16783
¢ 0.24200 ;0.17900 10.21100 ; 0.75459 | 0.76479 § 0.03352 0.13%236 | 22.815%3 19.20543 i
B 0.12200 10.16700 :0.21100 ; 0.33572 ; 0.81192 , 0.03352 0.30227 | 24.22196 21.65842
D 28.45000 10.40100 :0.19270 ;0.19800 ¢ 0.92135 ¢ 0.57078 ; 0.03352 0.01453 ; 17.02804 12.35041
¢ 0.27100 10.16320 ;0.19300 § 0.79853 | 0.73585 § 0.03352 0.11202 | 22.54922 18.72852
B 0.13700 ;D.15170 {0.19800 ; 0.56776 ; D.8050% ; 0.03352 0.27570 ; 24.01820 21.30154
¢ 26.50000 10.29000 10.16350 ;0.12100 | 0.82605 | 0.74591 ; 0.03352 0.09526 ; 22.25268 18.30031
B 0.14100 ;0.14320 (0.19100 | 0.57399 ; 0.50324 | 0.03352 0.26904 | 23.96301 21.20767
¢ 24.22000 {0.31300 ;0.16000 {0.18360 | 0.86501 § 0.71990 ; 0.03352 0.07238 | 21.47573 17.337%3 :
B 0.16000 ;0.13480 ;0.18360 ; 0.61357 ; 0.80142 | 0.03352 0.2394% | 23.90871 20.972%6
¢ 19.16000 10.39300 ;0.15900 :0.16700 ; 0.96162 | 0.57340 1 0.03352 0.01957 | 17.10621 12.50517
B 0.20400 §0.11850 ;0.16700 | 0.69282 | 0.78430 | 0.03352 0.18144 | 23.41289 20.097%6
8 17.30000 0.21800 i0.11300 :0.16200 | 0.71620 } 0.76812 | 0.03352 0.18537 § 22.91527 19.43348
8 511.31000 0.31100 10.11380 :0.14680 | 0.85543 | 0.49234 |} 0.03352 0.07792 | 20.63453 16.56156
]
TABLE 3.6  Mnalysis of Data for M1 - 4 Series.
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H-§ SERIES

d = 13.82 cu.

slope = 0.00295

9= 19.295  lt/sec.

0.5
1'('(/-&)
0.5{ 1 et % 2 [7
SECTION { 7 7 by h, j(F/E)] U U 057 U e |
1H{7 /%) kY %
{n.} {n.} {n./s.) | (a.fs.)
s
£ 43.30000 10.34400 10.25240 10.26500 ; 0.89%7 | 0.87270 | 0.04077 0.05281 | 21.4D545 17.1007%
¢ 0.17400 10.23460 ;0.26500 1 0.63985 ; 0.94270 | 0.04077 0.2192 § 23.12239 20.06090
B 0.08700 ;0.224%0 10.26500 | 0.45244 | 0.94900 | 0.04077 0.376%9 § 23.27s%2 21.11211
E 45.50000 ;0.36800 ;0.24710 10.25640 ; 0.923053 | 0.55300 | 0.04077 0.0359% 1 21.04439 16.59260
D 0.27100 10.23410 10.25640 ; 0.79853 ; 0.92770 ; 0.04077 0.11202 | 22.75448 18.93377
¢ 0.18200 10.22560 ;0.25640 | 0.65440 | 0.94400 | 0.04077 §.208%0 | 23.15428 20.02319
8 9.09100 {0.22040 ;0.25640 1 0.46273 1 0.95080 | 0.04077 6.36731 { 23.32107 21.10706
E 41.54000 ;9.38400 10.23500 10.24300 ; 0.95054 | 0.92160 ; 0.04077 0.02536 | 20.15207 15.60403
b §.29200 10.22200 10.24300 ; 0.392857 | 0.93540 | 0.04077 0.09356 | 22.94334 13.97736
¢ 0.19700 10.21176 0.24300 | 0.68083 | 0.95120 | 0.04077 0.1898% | 23.33008 20.07332 4
8 0.09800 10.2050% 10.24300 | 0.45020 { 0.953530 ; 0.04077 0.35117 | 23.50993 21.21235 §
E 38.63000 70.40%00 {0.23000 10.23330 § 0.93100 | 0.74080 | 0.04077 §.00957 § 18.17022 13.47646
D 0.31000 ,0.21400 10.23330 ; 0.83406 | 0.922460 | 0.04077 0.087872 | 22.62938 18.54299
¢ 0.20500 ;0.20200 ;0.23330 ¢ 0.70126 | 0.95610 | 0.04077 0.17560 § 23.45107 20.09576
B 0.10500 0.19400 :0.23330 ; 0.49705 | 0.95850 ; 0.04077 §.335% 1 23.50993 21.13170
)] 36.40000 10.32500 10.20000 10.22600 ; 0.87447 | 0.93160 | 0.04077 0.06697 | 22.85013 18.66605
¢ 0.21300 {0.17400 {0.22500 | 0.71620 ; 0.95%20 | 0.04077 0.16537 | 23.52710 2010031
8 0.11000 ;0.18500 0.22600 ; ©0.50875 § 0.96010 ; 0.04077 0.32560 ; 23.54918 21.11498
D 35.52000 ;0.33200 0.20570 10.22260 | 0.898384 | 0.90900 | 0.04077 0.06166 1 22.29581 18. 08690
£ §.22400 10.19070 10.22260 | 0.72592 | 0.26100 | 6.04D77 0.15876 | 23.57125 20.09783
B 0.11300 :0.18110 10.22260 ; 0.51564 i 0.96080 | 0.04077 §.31958 | 23.56635 21.02918
] 32.16000 ;0.36100 ;0.19800 ;0.21100 ; 0.92154 { 0.87090 | 0.04077 0.04078 § 21.36130 156.95156
¢ $.24200 ;0.17200 10.21100 | 0.75459 | 0.95650 | 0.04077 0.13986 | 23.46085 19.95038
B £.12200 0.16700 10.21100 ; 0.53578 | 0.9%6390 | 0.04077 0.30227 | 23.64238 21.07885
B 28.45000 16.40100 :0.192270 ;0.19800 ¢ 0.97135 ; 0.75510 ; 0.04077 §.01453 | 18.52097 13.87334
¢ §.27100 ;0.16320 10.19300 ; 0.79853 ; 0.94300 i 9.04077 §.11202 § 23.2523% 19.43168
B 0.13700 10.15170 :0.19800 , 0.56776 | 0.96380  0.04077 0.27578 1 23.6889¢% 20.97243
¢ 26.50000 0.29000 10.16350 :0.19100 § 0.32605 | 0.94220 | 0.04077 0.09526 ¢ 23.11013 19.15775
8 0.14100 10.14320 10.12100 § 0.5759% | 0.%4400 | 0.04077 0.26904 | 23.54434 20.838%0
g 24.22000 ;0.31800 10.16000 10.13360 § 0.3a501 § 0.92170 | 0.04077 0.07233 | 22.460731 18.46852
B 0.16000 {0.13430 ;0.18360 ; 0.61357 { 0.96080 | 0.04077 0.23949 | 23.56635 20.63060
¢ 19.16000 {0.39300 (0.15900 10.16700 | 0.96162 ; 0.75350 | 0.04077 0.01957  18.48173 13.68069
i 0.20400 ;0.11850 §0.16700 | 0.69282 | 0.94300 | 0.04077 0.18146 | 23.27692 19.951%9
8 17.30000 10.21300 ;0.11300 }0.15200 | G.71420 | 0.94180 | 0.04077 0.18537 { 23.10832 19.67353
)} 11.31000 10.31100 ;0.113380 {0.14530 ; §.35543 | 0.87160 | 0.040677 8.07792 | 21.37846 17.23549
1
TABLE 3.7 Analysis of Data for M1 - 5 Series.
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Ml-6 SERIES d=19.50ca. slope - 0.00295 0 = 31.575 lt/sec.
8.5
1-{7/%)
SECTION | 7 7 | b SRR AL b, b st oo Iv-2 )L
T 7 : MR ECETEA] kY ?
i {n.) {n.) {(a.fs.} | {a./s.}
F 59.78000 10.37000 {0.23860 ;0.29440 ; 0.93305 | 0.87140 ; 0.04339 §.03463 | 19.85418 15.39931
E 0.29900 10.28020 :0.29640 | 0.83877 : 0.95790 | 0.04389 0.08769 § 21.82502 17.81178
b 0.22600 {0.27340 10.29640 | 0.72322 § 0.97980 | 0.0438% 0.1565% | 22.323%9 13.43439
£ 0.15100 :0.26840 ;0.2%640 ; 0.59607 | 0.993460 | 0.04339 0.25308 | 22.63841 19.78643
B 0.07600 {0.26540 10.29640 | 0.42288 ; 0.99810 | 0.04397 0.40560 | 22.740%4 20.71742
F 55.34000 10.38600 10.27930 10.23510 | 0.95301 { 0.74830 | 0.04399 0.02406 | 17.06033 12.500%
£ 0.31206 10.26970 10.28510 ; 0.856581 ; 0.93740 1 0.04339 0.07712 § 21.357%4 17.25839
B 0.23500 10.26200 ;0.28510 | 0.74513 } 0.97110 | 0.04337 0.14601 | 22.12577 18.56031
£ 0.15300 10.25630 10.28510 ¢ 0.60973 1 0.98540 | 0.04382 0.24245 § 2245158 12.53424
B 0.08000 ;0.25230 10.23510 ; 0.433356 ; D.996%0 | 0.04387 0.39484 | 22.71360 20.63771
F 50.65000 }0.41000 {0.26950 10.27130 {§ 0.93217 | 0.66450 | 0.0438? 0.00893 { 15.14012 10.440563
£ §.33100 10.25810 :0.27190 | 0.88251 | 0.89470 | 0.04357 0.06241 § 20.33505 16.16252
D §.25100 10.24%00 10.27130 | 0.76830 | 0.96600 | 0.04339 0.13090 | 22.009%537 18.33255
¢ 0.16800 ;0.23800 10.27190 ; 0.62872 ; 0.97640  0.04389 0.22795 | 22.24653 19.23828
8 0.03400 10.23797 10.27190 | 0.44438 | 0.93520 | 0.04339 0.33449 | 22.44703 20.31957
£ 48.30000 10.34400 10.25240 ;0.26500 | 0.899567 | 0.86450 | 0.04339 0.05281 § 19.6969] 15.39231
D §.25%00 ¢0.24250 {0.26500 | 0.78065 | 0.95%40 ; 0.04389 0.12319 | 21.85919 18.12403
¢ 0.17400 ;0.23460 10.26500 | 0.63935 | 0.97550 | 0.04389 0.21262 | 22.22602 19.16452
B 0.08700 10.22690 10.26500 ; 0.45244 | 0.98730 | 0.0435% 0.3769% | 22.49487 20. 33007
E 45.60000 ;036500 :0.24710 ;0.25640 ; 0.93083 1 0.85430 ; 0.04389 0.03599 ; 19.46457 15.01228
] 0.27100 {0.23410 10.25640 ; 0.79853 | 0.95340 ; 0.04397 0.11202 § 21.72249 17.90173
¢ 0.18200 10.22560 10.25640 ; 0.45440 § 1.00148 | 0.04339 0.20899 | 22.8206% 19.68960
8 0.02100 10.22040 ;0.25640 | 0.46273 | 0.97060 | 0.04337 0.36731 | 22.57006 20.3560%
£ 41.54000 {0.33400 {0.23600 10.24300 | 0.95054 ; 0.920%0 ; 0.04339 0.02535 § 13.70338 1415553
] 0.29200 10.22200 10.24300 { 0.82889 ; 0.95340 | 0.04389 0.09356 | 21.7224% 17.75631
¢ 0.12700 10.21176 10.24300 | 0.458083 | 0.97870 } 0.04389 0.18728% | 22.298%3 19.04137
B 0.09300 10.20509 10.24300 [ 0.48020 : 0.99700 ; 0.0438% 0.35117 | 22.71588 20.41829
E 36.63000 ;0.40900 :0.23000 :0.23330 ; 0.98100 | 0.70880 ; 0.043589 0.00959 ; 16.14%46 11.45570
) §.31000 {0.21400 10.23330 1 0.85406 | 0.96450 | 0.04339 0.07872 | 21.98223 17.89584
G 0.20900 10.20200 :0.23330 ; 0.70126  0.97850 ; 0.04389 8.17560 | 22.29437 18.93%06
8 0.10500 ;0.19400 ;0.23330  0.49705 ;1 0.99700 | §.04339 0.33596 § 22.71533 20.337585
D 356.40000 10.32500 {D.20800 ;0.22600 ; 0.37447 | 0.93090 ; 0.04389 0.06697 § 21.20934 17.02575
£ 0.21800 0.19400 10.22600 } 0.71620 1 D.97700 | 0.04389 0.16537 1 22.26020 18.83341
8 0.11000 {0.13500 ;0.22600 | 0.50875  0.99700 ; 8.04339 0.32560 | 22.71533 20.28158
D 35.52000 30.33200 10.20570 10.22260 ; 0.38384 | 0.92350 ; 0.04389 0.06166 | 21.04124 16.81233
£ 0.22400 ;0.19070 10.22260 { 0.7259% § 0.97620 ; 0.04389 0.15876 1 22.24197 18.76834
B §.11300 ;10.13110 10.22260 | 0.51564 | 0.99650 | 0.04339 0.31958 | 22.71132 20.24416
] 32.14000 19.36100 10.19800 ;0.21100 | 0.92164 | 0.86730 ; 0.04339 0.04078 | 19.76077 15.35103
¢ 0.24200 ;0.17900 :0.21100 { 0.75459 | 0.9696D | 0.04389 0.13986 § 22.0915% 18.48110
8 0.12200 0.16700 {0.21100 § B.53578 | 0.97460 | 0.04389 0.30227 | 22.66120 20.09766
)] 28.45000 ;0.40100 }0.19270 ;0.19300 ; 0.97135 | 0.74760 ; 0.04389 0.01453 | 17.03342 12.38584
¢ 0.27100 10.16820 ;0.19500 | 0.79353 | 0.95340 | 0.04389 0.11202 ¢ 21.72249 17.90178
8 0.13700 $0.15170 (019300 | 0.56776 ; 0.97040 | 0.04339 0.27570 | 22.56550 19845394 i
¢ 26.50000 {0.29000 ;0.146330 ;0.12100 ; 0.82605 | 0.23920 | 0.04359 0.09526 | 21.398%5 17.44658
B 0.14100 10.14320 10.19100 § 0.575%% ; 0.98580 ; 0.04389 0.26904 ; 22.46070 19.70476
¢ 24.22000 ;0.31800 ‘0.16000 0.18360 ; 0.846501 ; 0.91250 ; 0.04389 0.07238 | 20.790561 16.65183
B 0.15000 ;0_13480 10.18360 ; 0.41357 | 0.97730 | 0.04389 0.2394% | 22.27842 19.34287
¢ 19.16000 310.37300 10.15900 ;0.16700 | 0.24162 | 0.76520 | 0.04339 0.01957 | 17.43450 12.83346
8 0.20400 ;0.11850 ;0.16700 ; 0.59282 | 0.96010 | 0.04359 0.18146 | 21.87514 18.56021
B 17.30000 :0.21800 10.11300 (0.15200 ; 0.71620 | 0.94840 ; 0.04389 0.16537 1 21.608%7 18.18178
B 11.31000 ;0.31100 10.11380 iD.14680 | 0.85543 } 0.87130 | 0.04389 0.07792 1 19.85190 15.75892
1
TABLE 3.3 Wl - 6 Series.

analysis of Data for
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W-7 SERIES

d = 25.25 ca.

slope = 0.00295

0 = 52.906 It/sec.

0.?
1-(7/%
0.? ----------- % ¥ 2 3
SECTION y 4 % b h (¢/%, U U, 0.5 1] g - - [~
¥ ? 1#(¥ /%) KV =
(a.) (s.) {a.fs.) i (=./s.)
F 59.73000 0.37000 ;0.233560 ;0.29640 § 0.93305 ; 0.95800 , 0.04300 0.034563 | 20.58333 16.118%
E 0.29200 10.28020 10.29640 | 0.83877 1 1.08350 | 0.04800 0.08767 | 22.67708 18.66385
B 0.22600 10.27340 {0.29640 ; 0.72922 7 1.12150 ¢ 0.04800 0.1565% ; 23.36438 19.87348
¢ 0.15100 10.26340 ;0.29640 | 0.59607 | 1.15300 ; 0.04800 0.25308 | 24.02083 21.16885
B 0.07600 10.26540 10.29640 ¢ 0.42283 ¢ 1.14380 ; 0.04200 0.40560 | 23.82917 21.50534
F §5.34000 0.35600 40.27230 (0.28510 | 0.%5301 § 0.83360 ; 0.04500 0.02406 ; 18.51250 13.95243
E 0.31200 10.26970 10.25510 | 0.85681 | 1.04340 ; 0.04800 0.07712 | 21.73750 17.63795
] §.23600 10.26200 ;0.28510 ; 0.74513 | 1.08280 ; 0.04800 0.14601 ; 22.55833 13.99238
¢ 0.15300 10.25630 0.28510 | 0.60973 | 1.16370 ; 0.04800 0.24245 § 24.24375 21.32640
8 0.03000 :0.25230 10.28510 | 0.43356 ; 1.13640 ; 0.04300 0.39434 | 23.67500 21.59911
F 50.65000 {0.41000 10.26950 ¢0.27130 ; 0.93219 | 6.74110 ; 0.04300 0.00398  15.85625 11.15674
E §.33100 10.25810 ;0.27190 { 0.88251 | 1.00110 { 0.04800 0.06241 | 20.85625 16.63372
i 0.25100 (0.24900 ;0.27120 ; 0.76850 | 1.06660 | 0.04300 0.13090 ; 22.22083 18.54381
£ 0.16800 10.23800 10.27190 ; 0.62872 ; 1.116%0 | 0.04800 0.22795 | 23.26875 20.26050
B §.08400 0.23797 :0.27170 ; 0.44453 [ 1.12420 | 0.04300 0.38449 | 23.42083 21.29363
£ 43.30000 10.34400 10.25240 0.26500 ; 0.89967 | 8.93230 ; 0.04500 0.05281 | 20.46458 15.15993
] 0.25900 ;10.24250 10.26500 | 0.73063 § 1.06260 ; 0.04800 0.12319 | 22.13750 18.40234
¢ 0.17400 10.23460 {0.25500 ; 0.63933 | 1.10340 ; 0.04300 0.21982 ; 23.05187 20.03017
B 0.08700 10.22690 16.26500 | 0.45244 | 1.12230 | 0.04300 0.37699 | 23.3812% 21.21684
£ 45.60000 10.35800 ;0.24710 1D.25640 { 0.93053 ; 0.95%0 ; 0.04500 08.03599 ; 19.99167 15.53938
B 0.27100 :0.23410 :06.25640 ; 0.79853 | 1.02400 { 0.04500 0.11202 ; 21.33333 17.51242
¢ §.18200 {0.22360 ;0.25640 § 0.65440 | 1.10630 | 0.04800 0.20890 § 23.04792 19.91683
B §.09100 ;0.22040 §0.25640 | 0.46273 ; 1.12040 § 0.04300 0.36731 § 23.34167 21.12755 i
E 41.54000 10.35400 ;D.23500 10.24300 § 0.35054 § 0.89890 ; 0.04300 0.02338 | 18.72708 1417904 i
b 0.29200 :0.22200 10.24300 ; 0.82882 § 1.04280 ; 0.04800 0.08935% ; 21.72500 17.75%02
£ 0.19700 10.21176 10.24300 ; 0.43033 ; 1.10320 { 0.04300 0.19989 | 22.98333 19.72577
B $.09860 10.20509 ;0.24300 ; 0.48020 § 1.11750 { 0.04800 0.35117 | 23.28125 20.98366
£ 38.63000 10.40900 10.23000 30.23330 § 0.98100 { 0.79220 § 0.04500 0.00959 1550417 11.81041
b §.31800 ;0.21400 ;0.23330 | 0.55406 | 1.02340 § 0.04300 0.07872 1 21.42500 17.33841
£ 0.20900 10.20200 :0.23330 § 0.70126 ; 1.10450 | 0.04800 0.17560 | 23.01042 19.65511
8 0.10500 (0.19400 ,0.23336 ; 0.49705 § 1.11330 ; 0.04300 0.335%6 § 23.19375 20.81552
B 36.40000 {0.32500 ;0.20800 0.22600 | 0.87447 | 1.01620 ; 0.04800 §.064%7 | 21.17083 16.99674
¢ $.21800 10.19400 10.22600 { 0.71620 | 1.10720 | 0.04800 0.16537 | 23.06667 19.63988
! 8 0.11000 10.18500 10.22600 | 6.50875 ¢ 1.11070 ; 0.04300 8.32560 § 23.13958 20.70539
) 35.52000 :0.33200 {0.20570 0.22260 ; 0.88334 | 1.00930 ; 0.04380 0.06166 § 21.02703 16.79817
¢ §.22400 10.19070 10.22260 § 0.72599 § 1.10880 { 0.04800 6.15876 | 23.10000 19.62637
B D.11300 10.13110 ;0.22250 | 0.51564 | 1.10950 ; 0.04300 D.31958 | 23.11458 20.64742
] 32.16000 ;0.35100 :0.19300 ;0.21100 ; 0.721564 ; 0.92930 ¢ 0.04300 0.04073 ; 19.36042 14.95068
i £.24200 10.17900 {0.21100 | 0.75459 | 1.08380 | 0.04800 0.13986 | 22.57917 18.96847
B 0.12200 §0.15700 0.21100 | 0.53573 ¢ 1.10570 : 0.04300 0.30227 | 23.03542 20.47138
B 28.45000 ;0.40100 (0.19270 ;0.1%800 ¢ 0.37135 { 0.81090 | 0.04300 0.01453 ; 15.83375 12.24612
¢ 0.27100 10.15820 ;0.19800 § 0.79853 { 1.05300 | 0.04500 0.11202 | 21.97917 18.15844
8 §.13700 10.15170 ;0.19800 ; 0.56776 ; 1.0%930 | 0.04300 0.2757¢ ; 22.90208 20.18552
¢ 26.50000 ;0.29000 ;0.16350 ;0.19100 ; 0.32505 ¢ 1.04630 ; 0.04300 0.09525 ; 21.79792 17.84554
8 0.14100 ;0.14320 {0.17100 ; ©.57599 { 1.09520 | 0.04800 0.26904 | 22.81667 20.06073
£ 24.22000 ;0.31800 10.16000 ;0.16360 § 0.36501 | 1.02220 ; 0.04500 0.07238 | 21.29583 17.15705
g §.16000 {0.13480 ;9.18350 ; 0.61357 ; 1.08700 | 0.04500 0.23949 § 22.64583 19.71008
G 19.16000 10.32300 ;0.15900 10.16700 ; 0.96162 { 0.840%0 | 0.04800 0.01957 | 17.51875 12.91772
B £.20400 10.11850 ;0.16700 | 0.69282 | 1.06900 | 0.04800 0.18146 | 22.27083 18.95590
8 17.30000 {0.21800 {D.11300 }0.16200 | 0.71620 ; 1.053%0 | (.04800 0.16537 | 21.95625 18.52946
8 11.31000 {0.31100 10.11380 {0.14680 ; 0.85543 | 0.98370 } 0.04500 0.07792 | 20.43375 16.40077
TABLE 3.9 dnalysis of Data for Ml - 7 Series,
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W2-3 SERIES

d = 10.00 ca.

slope = 0.00450

9= 11.167 1t/sec.

0.5
1-(F1%)
SECTION 7 h R e b sl o0 - _%_‘/_'f_
? 4 ° TR kYT
] {.) {(n.) {a./s.) | {a./s.)
) 36.40000 }0.32500 :0.20800 ;0.226D0 | 0.87447 1 0.56450 ; 0.03984 0.00697 3 21.75954 17.57545
¢ 0.21800 10.19400 10.22600 ¢ 0.71620 ¢ 0.97550 ; 0.03984 0.16537 | 24.48544 21.085865
B 0.11000 {0.13500 ;0.22600 § 0.50375 § 1.003% | 0.03934 0.32360 | 25.19380 22.74560
] 35.52000 §0.33200 10.20570 10.22250 i 0.33384 ; 0.87930 | 0.03784 0.06166 | 22.07078 i 17.84137
¢ §.22400 10.19078 10.22260  0.72592 1 0.9747G § 0.03%64 0.15376 ; 24.46536 20.99173
B §.11300 ;0.18110 10.22240 | 0.51564 | 1.00372 | 0.03984 £.31958 | 25.1337% 22.72681
B 32.16000 {0.35100 0.19300 {0.21100 } 0.92164 | 0.78341 | 0.03334 0.04078 | 19.79443 15.35469
¢ 0.24200 1017900 {0.21100 { 0.75459 ; 0.96508 § 0.03984 0.13986 § 24.29220 20.68870
B 0.12200 10.16700 10.21100 ; ©6.53579 | 0.99954 ; 0.03%34 0.30227 | 25.08235 22.52582
D 23.45000 ;0.40100 {0.19270 50.19800 0.97135 } 0.69496 | 0.03934 0.01453 | 17.44378 12.79515
¢ §.27100 (0.16820 (0.19800 ; 0.79853 § 0.94550 ; §.03984 0.11202 ¢ 23.73243 19.91172
B 0.13700 ;0.15170 10.19300 | 0.56776 [ 0.99093 ; 0.03934 0.27570 § 24.87400 22.15743
¢ 26.50000 ;0.29000 30.16350 {0.19100 | 0.82605 | 6.92477 | 0.03984 0.09526 § 23.21210 19.25972
8 0.14100 {0.14320 (0.19100 ¢ 0.5759% 1 0.958711  0.03984 0.26904 | 24.77686 22.02092
¢ 24.22000 ;0.31500 {0.16000 {0.18360 ; 0.86501 ; 0.96260 ; 0.03984 0.087233 { 21.82731 17.58852
8 0.16000 10.13480 ;D.18360 } 0.61357 § 0.97408 | 0.03334 6.23%4% | 24.55020 21.61445
¢ 1916000 30.32300 {0.15900 [0.16700 | 8.96162 ; 0.65672 | 0.03934 0.01957 | 16.483%4 11.38230
8 §.20400 10.11850 {0.16700 | 0.69232 | 0.95790 § 0.03984 §.18146 | 24.04347 20.72874
B §I7.300Q0 0.21800 10.11300 i0.16200 ; 0.71620 ; 0.83423 1 0.03984 §.16537 | 20.94076 17.51397
8 11.31000 {0.31100 ;0.11330 {0.14480 ; 0.85543 | 0.30057 | 0.03%84 0.07792 1 70.09483 16.00185
i
TABLE 3.10  Analysis of Data for H2 - 3 Series.
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M2-§ SERIES

d = 15.44 ca.

slope = 0.00450

0= 25.753 It/sec.

0.
i
0.? ----------- ¥ 2 |¥
SECTION 1 % h-f h,, {(t/e i U., 1*(?/{!{? 4 -{- _';_
{a.) | (s.) {8./s.) | (n./s.) ) °
F 35.34000 10.33600 ;0.27930 ;0.23510 , 0.95301 | D.82440 | 0.04334 0.02406 ; 18.13282 13.62275
E 0.31200 10.26970 10.268510 | 0.85681 { 1.03572 ; §.04534 0.07712 1 22.84341 18.74385
B $.236500 10.26200 {0.25510 | 0.74518 | 1.046%0 ; 06.04534 0.14501 § 23.089%9 1%.52453
[ 0.15300 10.25630 10.28510 § 0.60973 | 1.09957 1 0.04534 0.24245 § 24.2516% 21.33431
B8 0.08000 ;0.25280 ;0.23510 § 0.43386 ; 1.11568 | 0.04534 0.39434 | 24.40697 22.53108
F 50.65000 {0.41000 ;0.26950 ;0.27170 § 0.98219 , 0.71045 | 0.04534 0.00898 ; 15.464961 10.97011
E D.33100 3:0.25810 10.27190 § 0.88251 | 1.02948 | 1.04534 0.06241 | 22.70578 15.48324
] 0.25100 10.24%00 ;0.27190 ; 0.76850 ; 1.07801 ; 0.04534 0.13090 ; 23.77614 20.09911
o 8.16600 10.23500 10.27190 | 0.62372 | 1.10182 | 0.04534 0.22795 | 24.30128 21.29303
8 0.03400 (0.23797 ;0.27190 | 0.44458 1 1.07930 ; 0.04534 0.33443 | 23.81562 21.68845
E 48.30000 ;0.34400 :0.25240 ;0.24500 ; 6.89%57 ; 1.01022  0.04534 0.08281 § 22.280%9 17.97633
B 0.25900 10.24250 10.26500 | 0.78065 § 1.07011 | 0.04534 0.12319 | 23.60190 19.86574
£ 0.17400 10.23460 (0.26500 | 0.63985 ; 1.09444 | 0.04534 0.21%62 § 24.13851 21.07701
8 1.08700 10.22670 10.26508 | 0.45244 { 1.10413 | 0.04334 0.37699 | 24.35223 22.18742
E 45.60000 {0.36900 10.24710 10.25640 | 0.93053 | 0.96388 | 0.04534 0.03599 | 21.25893 16.80645
i} 0.27100 10.23410 ;0.25640 ; 0.79353 ; 1.05313 | 0.04534 6.11202 ; 23.33767 19.516%4
¢ 0.18200 10.22560 ;0.25640 | 065440 | 1.08377 | 0.04534 $.20890 | 23.90318 20.77209
8 0.09100 70.22040 ;0.25640 | 0.46273 | 1.09730 | 0.04534 §.36731 § 24.24570 22.03169
13 41.54000 ;0.38400 (0.23600 ;0.24300 | D.95054 ; 0.35%16 ; 0.04534 0.02536 | 18.94927 14.40123
D 0.29200 10.22200 {0.24300 | 0.8268% | 1.03050 ; 0.04534 0.09356 | 22.72828 18.76229
[ 0.19700 ;0.21176 10.24300 ; 0.63083 | 1.07633 ; 0.04534 0.1893% 1 23.75121 20.42365
B 0.09300 10.20509 10.24300 § 0.48020 | 1.09060 | 0.04534 | .. 0.35117 | 24.05352 21.75623
E 38.63000 {0.40900 10.23000 10.23330 | 0.98100 § 0.73882 | 0.04534 0.00959% { 15.29510 11.560134
B 0.31000 0.21400 ;0.23330 ¢ 0.85405 | 1.01050 ; 0.04534 0.07872 1 2228718 13.20077
¢ $.20900 10.20200 10.23330 ; 0.70126 § 1.06770 ; 0.04534 0.17560 | 23.54674 20.19343
8 §.10500 ;0.19400 ;0.23330 | 0.49705 | 1.08831 | 0.04534 0.33596 1 23.95920 21.580%7
D 36_40000 (0.32500 0.20800 :0.22600 ; 0.37447 ¢ 0.99050 ; 0.04534 0.06497 | 21.84605 17.66196
¢ 0.21800 10.19400 10.22600 § 0.71620 | 1.05810 | 0.04534 0.16337 | 23.33701 19.91622
B 9.11000 ;0.13500 ;0.22600 | 0.50375 | 1.08358 ; 0.04334 0.32560 | 23.89399 21.4547%
B 35.52000 0.33200 ;0.20570 10.22260 | 0.83384 | 0.97550 | 0.04534 0.06166 § 21.51522 17.28631
£ 0.22400 10.12070 10.22260 § 0.72599% | 1.05450 [ 0.04534 0.15876 | 23.25761 19.78398
B $.11300 :0.18110 190.22260 | 0.51564 ; 1.08131 | 0.04534 0.31958 ; 23.85995 21.39278
D 32.16000 :0.36100 10.19500 :0.21100 ; 0.92164 ; 0.87137  0.04534 0.04078 | 19.21857 14.80833
¢ £.24200 10.17900 10.21100 § 0.75459 | 1.035%% | 0.04534 §.13986 | 22.54054 19.23004
8 0.12200 0.16700 {0.21100 ; 0.53578 ¢ 1.07191 ; 0.04534 0.30227 ¢ 23.64140 21.07806
)] 28.45000 ;0.40100 10.19270 ;0.19800 ; 0.97135 ; 0.756220 { D.04534 0.01453 § 16.81075 12.14313
¢ §.27100 10.16820 10.19300 | 0.79853 | 1.00960 § 0.04534 §.11202 § 22.26731 18.44661
B 0.13700 ;0.15170 ;0.19300 ; 06.56776 { 1.06004 ; 0.04534 0.27570 | 23.37930 20.64324
¢ 26_50000 10.23000 (0.16350 ;0.19100 | 0.82605 § 06.99220 | 0.04334 0.09526 ; 21.83355 17.93117
R 0.14100 10.14320 {0.19100 § 0.57599 | 1.05412 | 0.04534 0.26904 } 23.24923 20.49322
£ 24.22000 10.31800 (0.16000 10.18360 | 0.26301 | 0.94900 | 0.04534 0.07238 | 20.93075 16.79196
B §.16000 10.13480 ;0.18380 | 0.61357 | 1.04376 ;| 0.04534 0.2394% | 23.02073 20.03498
¢ 12.16000 ;0.39300 (0.15900 ;0.15700 | 0.96162 | 0.530104 | 0.04534 8.01957 | 17.66740 13.06837
B 0.20400 10.11850 (0.16700 ; 0.69262 | 1.01390 ; £.04534 0.18146 | 22.36215 19.84722
B 17.30000 10.21500 }0.11300 0.15200 | 0.71620 § 1.00193 | 0.04534 0.16537 | 22.09925 18.67246
B 11.31000 10.31100 106.11380 ;0.14680 ; 0.85543 | 0.91966 | 0.04534 8.07792 | 20.28363 16.19066
¥
TABLE 3.11  Analysis of Data for M2 - 5 Series.
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H2-6 SERIES d-20.44 co.  slope = 000450 0= 41,193 1i/sec.

-(2/%)

SECTION | 7 h b, L] e Voo 5?3" N gy
A . - [

? t ‘ * e k| %

{a) | f2.) {a.fs.) | (a.[s.)
F {59.78000 {0.37000 0.20860 10.29640 | 0.93305 | 1.03190 | 0.04904 |  0.03463 | 21.04201 16.57764
E 0:29900 1028020 0:29640 { 083877 | 1.15080 ; 004304 | 008769 | 23.4665% 1945332
b 0.22600 1027340 [0.29640 { 072922 | 1.21230 { 004304 | 015659 | 24.72064 2123154
C 0:15100 {02634 10:29640 | 0159607 | 1.22470 } 014304 |  DI2530B ; 24.97349 2212150
B 0:07600 |0.26540 [0.29640 { 042288 | 1.23830 | 004304 |  0.4D5D | 25.25082 23.22749
F [55.34000 {0.33600 10.27930 {0.28510 | 0.95301 | 0.96230 | 0.04904 |  0.02406 | 19.62276 15.06288
E 0:31200 10:26970 10.28510 { 085681 { 115040 | 0.04%04 | 0.07712 { 23.47879 1937924
D 0.23600 {0-26300 10.28510 § 074513 | 1.20710 | 0.04204 | 014601 ! 24_81460 2104314
C 015800 10 25630 [0:28510 | 0.60973 | 1.22630 | 004308 | 024245 | 25.00612 2208877
B 0.08000 {D.25230 |0.28510 { 043386 | 124050 { D.04%04 |  0.39484 | 25.30383 23.227%
F |S0.65000 {0.41000 [0.26950 {0.27190 | 0.98219 | D.83100 | 0.04904 | 0.00893 | 17.96493 13.26543
£ 0.33100 1025810 10:27190 ; 038251 | 1.13920 ; 0.04%04 | 006241 1 23.23002 1900748
b 0.25100 {0.24300 10.27130 | 0.76850 | 1.20220 { 0.04%04 | 013090 | 2451468 2083766
¢ 016800 {0.23600 10.27190 § 0.62872 | 1:22630 { 0.04304 | 0.22735 | 25.00612 2199787
B 0.08400 {0.23797 [0.27130 | 0.44458 | 1.23410 { 0.04304 | 0.33449 | 2501651 23.03302
£ [43.30000 {D.34400 ;0.25240 {0.26500 | 0.89%7 | 1.13040 | 0.04304 |  0.05281 | 23.05057 18.74591
) 0:25900 1024250 [0.26500 { 078065 | 1.20620 ; 004904 | 012319 | 24.5%25 20.86109
¢ 0.17400 {02344 10.26500 { 063985 | 1.22630 { 004304 | 021362 | 25.00612 21794462
B 0.03700 {D.226%0 }0.26500 | 0.45204 | 1.23580 } 0.04304 | 0.37699 | 25.19984 23.03503
£ [45.60000 ;0.36300 10.24710 10.25640 ; 0.93053 | 1.10900 ; 0.04%04 | 0.03599 | 22.61419 18.16191
D 0.27100 {023410 0.25640 | 0.79853 | 1.20860 { D.04%04 | 011202 | 24,6451 20.82445
L 018200 {0.22560 10:25640 { 065440 | 1.22630 { 0.04%04 | 02089 | 25.00612 2187503
B 0.09100 [0.22040 {0.25640 | 0.46273 | 1.23830 | 0.04%04 | 0.36731 | 25.25082 23.03630
£ {41.54000 {03640 10.25600 1024500 | 095050 § 0.95770 | 0.04904 | 0.02536 | o118 14.57308
D 0:29200 10:22200 1024300 { 082389 | 1.20180 | 0.04%04 | 0.09356 | 24.50653 20.54054
¢ 0.15700 10.21176 {0.24300 | 0.63083 | 1.22630 | 00470 | 018989 | 25.00612 21.74856
B 009800 {0.20509 ;0.24300 { 0.48020 | 1.24350 ; 0.04204 | 035117 | 25.35685 2305926
£ 13863000 {0.40900 {0.23000 10.23330 { 0.93100 | 0.93070 | 0.04904 | 0.00959 | 18.97838 1428462
D 031000 {0.21400 0.23330 { 0.35406 | 1.19390 { 004304 | 007372 | 24.44739 2036100
¢ 020900 {20200 10:23330 { 070126 | 1.22630 { 0.04%04 | 017560 | 25.00612 21765031
B 010500 {0-13400 D.23330 | 0.49705 | 1.24350 { 004304 | 0.3359 | 25.35685 22.97962
D {36.40000 {0.32500 [0.20800 {0.22600 ! 0.87447 | 1.18750 | 0.04904 { 0.06697 | 24.21473 20.03034
¢ 0:21800 10.19400 1022600 { 071620 | 1.22630 | 0.04904 | 0.16537 { 25.00612 21157933
B 0:11000 {0.13500 [0:22600 { 0.50875 | 1.24350 | 004904 | 032560 | 2535685 2292264
D |35.52000 {0.33200 10.20570 [0.22260 | 0.83384 | 1.17630 | 0.04904 | 0.06166 | 23.99474 19.7678
¢ 0.22400 1019070 10.22260 | 0.72599 | 1.22630 | 004904 | 015876 | 25.00612 2153249
B 0.11300 {0.13110 {0-22260 | 0.51564 | 1.24330 | 0.04304 | 031958 | 25.35277 22,8851
D {32.16000 {0.35100 {0.19800 {0.21100 { D.92164 { 1.14650 | 0.04904 | 0.04078 | 23.37387 18.96914
¢ 0:24200 1017900 10:21100 { 075450 | 1:22630 1 0.04%04 | 013986 | 25:00612 213956
B 0.12200 {0.16700 {0.21100 { 0.53578 | 1.24180 | 004304 | 0.30227 | 2531811 2275457
D {28.45000 }0.40100 {0.19270 {0.19800 | 0.97135 { 1.00420 | 0.04304 {  0.01453 | 20.517%4 15.87032
¢ 0:27100 (016820 (0019800 { 079853 | 1.21850 { 0104304 | 011202 | 24.34706 21.02636
B 013700 {0.15170 [0.19800 { 056776 { 1.23930 | 0.04904 | 0.27570 | 25.27121 22,5545
§  {26.50000 {0.29000 {0.16350 [0.19100 { 0.82605 { 1.20510 | 0.04%04 |  D.09526 | 24.57382 20.62144
B 014100 {14320 {0_19100 § 0.57599 | 1.23599 | 0.04%04 | 0.26904 ; 25.20188 2244594
€ [24.20000 {0.31800 ;0.16000 10.18360 { 0.86501 { 115590 { 0.04904 |  0.07238 | 23.57055 19.43177
B 016000 {0.13430 {0.18360 | 0.A1357 { 1.23110 | 0.04904 | 0.23%49 | 25.10400 22.16825
£ {19.16000 {0.39300 {0.15900 {0.16700 ! 0.9512 { 0.57200 | 0.04904 | 0.01957 | 19.8381 15.23797
B 0:20400 {0.11850 {0.16700 { 0.69282 | 1.21530 | 0.04304 | 0.18146 | 24.79201 2147708
B }17.30000 10.21800 {0.11300 {0.16200 | 0.71620 { 1.20530 | 0.04904 { 0.16537 } 24.577%0 21.15111
B {11.31000 }0.31100 {0.11380 {0.14680 | 0.85543 | 1.13880 { 0.04904 | 0.07792 | 23.22186 19.12888
1 1

TABLE 3.12  Analysis of Data for N2 - 6 Series.




$1-2 SERIES d:10.30 ca.  slope = 0.00923 8- 15,308 1t/sec.
g.
1-('?/?’,,.}i
U.? ----------- ¥ ¥ 2 ¥
SECTION | 7 h h (¥/7 [l U 0.51 U 4 =~ [
! ? T (EE) kY %
{s.) (s.) {a./s.) i (a./s.)
£ 41.54000 10.33400 ;0.23500 (0.24300 ; 0.95054 ; 1.04914 ; 0.05053 0.02336 1 20.76272 16.21457
] 0.29200 10.22200 {0.24300 | 0.8288% | 1.21580 } 0.05053 8.09356 § 24.06095 20.094%7
£ 38.63000 10.40900 ;0.23000 ;0.23330 ; 0.98100 § 0.91676 | 0.05053 0.00959 ; 18.14289 13.44913
)] 0.31000 ;0.21400 10.23330 | 0.85406 ¢ 1.24476 ; 0.05053 0.07372 1 24.63408 20.5476%
B 0.10500 }0.19400 }0.23330 ; D.49705 ; 1.24452 | 0.05053 0.335% | 24.62933 22.25110
D 36.40000 10.32500 §0.20800 {0.22600 ; 0.87447 | 1.242¢0 ¢ 0.05033 0.06697 | 24.59133 : 20.40724
¢ 0.21300 ;0.19400 ;0.22600 ; 0.71620 ; 1.24470 ; 0.05053 8.16337 1 24.63289 21.20610
B 0.11000 {0.13500 10.22600 | 0.50875 { 1.25166 { 0.05053 0.32560 | 24.77063 22.33644
b 35.52000 10.33200 30.20570 10.22260 § 0.88384 | 1.23320 ; 0.05053 0.06166 ;| 24.40530 20.17640
H §.22400 ;0.19070 :0.22260 ; 0.72599 ; 1.255%5 | 0.65053 0.15876 1 24.85533 21.381%0
g 0.11300 10.13118 10.22260 | 0.51564 | 1.25437 { 0.05053 0.31958 | 24.82426 22.35710
) 32.16000 10.36100 {0.19500 {0.21100 | 0.92164 ; 1.13712 | 0.05053 0.04075 | 22.50386 18.0%412
¢ §.24200 ;0.17900 0.21100 ; ©.7545%  1.26305 ; 0.05053 §.13986 | 25.0%4%9 21.43450
B 0.12200 10.16700 {0.21100 ; 0.53578 | 1.26007 | 0.05053 £.30227 | 24.93707 22.37353
D 28.45000 {0.40100 ;0.19270 {0.19300 § 0.97135 | 0.905e4 ; 0.05053 0.01453 | 17.92282 13.27519 i
¢ §.27100 ;0.16820 ;0.19800 ; 0.79853 ; 1.25785 ; 0.05053 0.11202 | 24.83313 21.07242
B 0.13700 10.15170 ;0.1%800 | 0.56776 § 1.25653 | 0.05053 0.27570 | 24.90659 22.19003 i
¢ 26.50000 10.29000 ;0.16350 10.19100 |} 0.82605 | 1.24132 i §.05053 0.09525 | 24.56600 20.61362
B 0.14100 1014320 {0.12100 | 0.57599 ; 1.26133 | 0.05053 0.26904 § 24.962%9 22.20708
¢ 24.22000 ;0.31300 :0.15000 ;0.18380 1 6.36501 ; 1.19110 i 0.05053 0.07233 | 23.57214 1%.43335
2 0.16000 ;0.13480 10.18360 | 0.61357 | 1.26637 | 0.05053 0.23949 | 25.06175 22.125%9
¢ 19.16000 10.39300 10.15900 10.16700 ; 0.96162 | 0.85460 | £.05053 0.01957 § 16.91273 12.31169
B 0.20400 10.11850 ;0.16700 ¢ 0.69282 | 1.26550  0.05053 0.18145 | 25.04453 21.72%60
) 17.30000 10.21300 10.11300 ;0.16200 ; 0.71420 | 1.25%42  0.05053 0.16537 & 24.92420 21.4%741
B 11.31000 10.31100 390.11330 {0.14480 ; 0.35543 ; 1.15112 | 0.05053 0.07792 7 22.780%2 18.68734
TABLE 3.13  Analysis of Data for S - 2 Series.

43



$1-3 SERIES

d = 15.36 ca.

slope = 0.00923

@ - 36.230 1t/sec.

0.5
-(?/%)
SECTION h b, /B o, | 3 y T
? f 1 ° k4 l* ( —f }_f;) k -{o
(2.) {a.) (a.fs.) | (a.fs.)
F §5.34000 {0.33400 10.27930 10.28510 { 0.75301 | 1.03440 ﬁ.ﬂSS?? 0.02404 | 19.23406 14.67418
D 0.23600 10.26200 {0.28510 | 0.74518 § 1.39790 1 8.0537% 0.14601 ¢ 25.98810 22.42264
F 50.55000 ;0.41000 (0.26950 ;0.27190 | 0.9821% ; 0.94598 : 0.05379 0.00898 ; 17.93836 13.25886
£ 0.33100 ;0.25810 18.27120 | 0.98251 | 1.29308 | 0.05379 §.06241 § 24.03941 19.81688
)] §.25100 10.24900 10.27190 | 0.76850 ; 1.40695 ; 0.05379 0.13090 ; 26.15635 22.47933
¢ 0.16300 10.23800 16.27190 | 0.62872 | 1.41140 § 0.05379 §.22795 | 26.23908 23.23083
8 0.08400 10.23797 10.27190 | 0.44459 | 1.43488 , 0.05379 0.38449 | 26.67559 24 548484
£ 48_30000 :0.34400 ¢0.25240 10.26500 ; 0.89967 | 1.30342 | 0.05379 0.05281 | 24.23164 19.92699
B 0.25%00 76.24250 0.26500 ; 0.780a85 § 1.39323 ; 0.05379 0.12319 ;| 25.30128 22.16612
¢ 0.17400 ;0.23460 10.26500 ; 0.63985 ; 1.41050 ; 0.05379 0.21962 ; 26.22235 23.16083
B 0.03700 10.226%0 10.26500 § 0.45244 § 1.43103 | 0.0537% 0.37699 | 26.6D402 24 43921
£ 45.60000 §0.36300 {0.24710 10.25640 ; 0.93053 | 1.26763 ¢ 0.05379 8.03599 | 23.36721 1911492
] 0.27100 ;10.23410 10.25640 | 0.79853 ;1 1.37718 { 0.05379 0.11202 § 25.560290 21.78219
¢ 0.18200 {0.22560 10.25640 | 0.45440 ; 1.408720 ; 0.05379 $.20890 ; 26.16100 23.0291
B §.09100 10.22040 10.25640 | 0.46273 | 1.42433 | 6.05379 0.36731 | 26.4794¢6 2426545
£ 41.54000 10.38400 ,0.23600 {0.24300 ; 0.93054 § 1.14282 ; 0.05379 0.02336 | 21.61777 17.06973
)] 0.29200 10.22200 {0.24300 | 0.52889 1 1.36400 ; 0.05379 0.09356 { 25.35737 21.3913%
o 0.19700 10.21176 10.24300 | 0.68083 | 1.38635 1 £.05379 0.1898% | 25.77338 22.51582
B 0.09300 {0.2050% ;0.24300 | 0.45020 { 1.41000 ; ©6.05379 0.35117 § 26.21305 23.91546
£ 38.63000 {0.40900 {0.23000 0.23330 | 0.98100 { 1.01252 { 0.0537% §.00%59 ; 18.82357 14.12981
D 0.31000 :0.21400 {0.23330 ; 0.85406 ; 1.34136 ; 0.05379 0.07872 ;| 24.936%8 20.85058
¢ 0.20%00 10.20200 10.23330 § 0.70126 ; 1.37299 | 0.05379 8.17560 ; 25.52500 22.16970
B 0.10500 ;0.19400 10.23330 | 0.45705 | 1.40401 | 0.05379 0.33595 ; 26.10169 23.72386
B 36.40000 10.325060 10.20800 :0.22600 ; 0.87447 | 1.28380 , 0.05379 0.06697 1 23.8662% 19.£3280
£ 0.21300 ;0.19400 10.22600 ; 0.71620 | 1.36431 | 0.05379 0.16537 § 25.36364 21.93685
B 0.11000 ;0.13500 10.22600 | 0.50875 ; 1.40019 | 90.05379 0.32560 § 26.03067 23.59%648
] 35.52000 10.33200 ;0.20570 ;0.22260 | 0.55384 | 1.28380 | 0.05379 0.06166 | 23.86689 19.63798
6 §.22400 ;0.19070 10.22260 § 0.72599 1 1.356106 | 0.05379 0.15876 ; 25.30322 21.32959
B £.11308 10.18110 10.22260 ; 0.51564 § 1.39528 | D.05379 §.31958 1 25.99%17 23.52800
D 32.16000 ;8.36100 ;0.19800 10.21100 § 0.92164 | 1.17268 | 0.05379 0.04078 | 21.80108 17.39134
¢ 0.24200 10.17900 10.21100 | 0.7545% | 1.34431 { 0.03379 0.13936 1 24.97182 21.38132
B 0.12200 :0.16700 10.21100 | 0.53578 ;| 1.39003 ; 0.05379 0.30227 | 25.84179 23.27826
D 28.45000 (0.40100 :0.19270 ;0.19800 ; 9.97135 | 1.01408 { 9.05379 0.01453 | 18.85257 1420495
C §.27100 ;0.14320 10.19800 { 0.79853 | 1.31906 | D.05379 0.11202 ; 24.50270 20.6319%
8 0.13700 ;0.15170 $0.19800 ; 0.56776 1 1.38095 ; 0.05379 8.27570 § 25.6729% 22.95643 i
¢ 25.50000 §0.29000 ;0.16350 ;0.19100 § 0.82605 ; 1.29953 [ 0.05379 0.09526 | 24.15932 E 26.2056%5 :
] 0.14100 $0.14320 10.19100 | 0.57599 | 1.37744 1 0.05373 0.26904 § 25.61145 | 22.85552
[ 24.22000 {0.31800 ;0.16000 ;0.18360 | 0.94501 ; 1.26380 | 0.0537% 0.07238 § 23.49507 19.35629
B 0.16000 :0.13480 ;0.18360 ; 0.61357 § 1.37185 { 0.05379 0.2394% | 25.5038]1 22.56806
H 1916000 0.32300 {0.15900 {0.16700 § (.96162 ; 1.06006 ; 0.0537% 0.01957 | 19.70738 15.10635
g 0.20400 10.11850 10.16700 | 0.69282 | 1.34540 | 0.05379 0.13146 | 25.86736 21.75293
B 17.30000 ;0.21300 §0.11300 ;0.16200 § 0.71620 ; 1.29446 ; 0.05379 0.16537 | 24.10225 20.57546
8 11.31000 {0.31100 {0.11330 ;0.14480 | 0.85543 | 1.19997 | 0.05379 0.07792 | 22.30842 18.21544
TABLE 3.14  Analysis of Data for 81 -3 Series.
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§1-4 SERIES

d = 16.55 ca.

slope = 0.00923

8= 36.282 1t/sec.

1(7/0?'?
SECTION | 7 h o b o, 535‘ P Iy A
t t t ° T (e fE) kY oz
(a.) { (a.) {n.fs.} | (a.fs.)
F §5.34000 10.38600 {06.27930 10.28510 § 0.953010 § 1.19850 | 0.05%568 0.02406 | 21.53432 16.97444
B 0.23600 ;0.26200 10.28510 ; 0.74518 § 1.40390 ; 0.05566 0.14681 § 25.22278 21.65732
8 0.03000 ;0.25230 ;0.28510 | 0.43386 | 1.48540 | 0.05566 0.39454 ; 26.32770 2425181
F 50.65000 ;0.41000 ;0.26950 10.27190 ; 0.9821% ; 1.02400 | 0.05566 0.00893 | 15.39741 13.69792
\ £ §.33100 0.25810 0.27190 ; 0.88251 ; 1.40240 ; 0.05566 0.06241 ; 25.19533 20.97330
i B 0.25100 §0.24900 §0.2719G ; 0.76350 { 1.429%0 | 0.05566 0.130%0 ; 25.639%0 22.01233
B 0.08400 ;0.23797 10.27150 ; 0.44458 ; 1.45740 ; 0.05586 0.38449 1 26.183%7 24.05682
£ 48.30000 10.34400 ,0.25240 10.26500 | £.89967 1 1.35930 | 0.05566 0.05231 1 24.42149 20.11683
B $.25900 {0.24250 ;0.26500 | 0.78065 | 1.44580 | 0.05564 0.1231% + 25.9753] 22.24041
¢ 0.17400 ;0.23460 ;0.26500 ; 0.63985 ¢ 1.44510 | 0.05566 0.21962 1 25.96299 22.90149
B 0.03700 $0.22670 }0.25500 | 0.45244 | 1.43760 | 0.05565 0.37693% | 25.82824 23.66344
E 4560000 {0.36300 {0.24710 10.25540 | 0.93053 | 1.31660 ; 0.05566 8.03599 | 23.65433 19.20204
)] 0.27100 10.23410 10.25640 ; 0.79853 | 1.42900 } 0.05566 0.11202 § 25.67373 21.85302
¢ 013200 10.22560 }0.25640 § 0.65440 § 1.43210 | 0.05564 0.20890 | 25.72343 22.59834
B ! 0.09100 10.22040 10.25640 | 0.46273 1 1.43760 | 0.05566 0.36731 1 25.82824 23.61423 |
E }41.54000 0.38400 :0.23600 ;0.24300 1 0.95054 1 1.17480 | 0.05566 0.02536 1 21.10672 16.55867
B §.2%200 10.22200 ;0.24300 { 0.9283% | 1.40090 ; 0.05565 0.092356 | 25.16888 21.20290
¢ 0.19780 10.21176 :0.24300 | 0.68083 | 1.41520 ; 6.05586 0.1898% | 25.42530 22.16824
8 0.07300 {0.2050% ;0.24300 | 0.43020 | 1.42270 | §.05365 8.35117 | 25.56055 23.262%9%
E }38.63000 §.40500 10.23000 ;0.23330 + 0.98100 § 0.95140 ; 0.05556 0.0095% § 17.09307 1239930
] 0.31000 :0.21400 10.23330 | 0.85406 ; 1.36890 1 0.05566 0.07872 1 24.593% 20.50757
¢ 0.20%00 ;0.20208 ;0.23330 ; 0.70126 ; 1.40640 ; 0.03366 0.17560 | 25.26770 i 21.9123%
8 0.10500 0.19400 0.23330 | 0.4970% § 1.42270 ; 9.05564 0.33596 1 25.56055 i 23.18232
] 35.40000 §0.32500 10.20800 (0.22600 | 0.87447 1 1.32900 ; 0.05565 0.06697  23.87711 { 19.69302
[ §.21300 ;0.19400 ;0.22600 | 0.71620 | 1.40210 | 0.05564 0.16537 § 25.12044 21.76365
B 0.11000 ;0.18500 ;0.22600 | 0.50875 1 1.41740 ; 0.05566 0.32560 § 25.46533 23.03113
] 35.52000 ;0.33200 ;0.20570 ;0.22260 ; 0.98384 ; 1.30340 ; 0.05566 0.06166 1 23.41718 19.18827
¢ 0.22400 10.19070 10.22260 | 6.72597 | 1.39970  0.03564 §.15376 | 25.14732 21.67370
8 0.11300 0.18110 (0.22260 | 0.51564 | 1.41530 | 0.05566 0.31958 | 25.42760 22.96043
B 32.15000 (0.36100 ;0.19200 :0.21100  0.92164 | 1.22100 | 0.053564 0.04078 | 21.93676 17.52702
¢ 0.24200 10.17900 10.21100 | 0.7545% | 1.38150 | 0.05564 0.13936 1 24.52034 21.20934
] 0.12200 ;0.16700 10.21100 § 0.53573 § 1.40930 { 0.05566 0.30227 1 25.31930 22.75626
| 28.45000 ;0.40100 ;0.19270 ;0.19800 ; 0.97135 | 1.01190 ; 0.05566 0.01453 ¢ 18.18002 13.5323%
£ 0.27100 10.15820 0.19808 ; 0.79833 § 1.35140 ; 1.05566 0.11202 1 24.27953% 20.43385
8 0.13700 (0.15170 10.19300 , 0.56776 § 1.401%8 | 0.03566 0.27570 ; 25.18685 22.47029
¢ 126.50000 10.29000 ;0.16350 :0.19100 | 0.892505 | 1.33120 | 0.05556 0.09526 ; 23.91664 19.96426
B i Q.14100 0.14320 {0.19100 § 0.57599 § 1.39750 ) 0.05566 0.26904 § 25.11319 22.35725
¢ 24.22000 ;0.31300 {0.16000 ;D.18360 | 0.36501 ; 1.29040 { ©.05566 0.07238 } 23.13351 1904483
8 8.16000 10.13430 0.18360 : 0.61357 ¢ 1.39070 ; 0.05566 0.23949 ; 24.98563 22.04988
¢ 19.15000 {0.39300 :0.15900 i0.16700 ; 0.956162 { 1.05090 ; 0.05566 0.01957 1 18.58070 14 27967
B 0.20400 ;0.11850 10.16700 ; 0.469232 | 1.35400 ; 0.03564 0.13145 | 24.505%3 21.1%100
B 17.30000 30.21800 ;0.11300 ;0.16200 | 0.71620 § 1.34240 ; 0.05364 0.16537 1 24.1173% 20569107
8 11.31000 10.31100 :0.11330 0.14630 | 0.85543 ; 1.24700 ; 8.05564 0.87792 § 22.40388 18.31090
[}
TABLE 3.15  Analysis of Data for S1 - 4 Series.
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$1-5 SERIES

d = 28.22 cn.

slope = 0.00923

0 = 53.319 It/sec.

8.
0 1-(¥/ 73 . s o
L 2 T R B ' /“f
SECTION ¥ h? b, (‘f/'fj U U, “(ﬂt}g? ] v - -{ -_;-
(8.) 1 (a.) {n.fs.) } (a.fs.) ° °
F 59.73000 10.37000 10.28860 :0.29640 ¢ 0.93305 ¢ 1.23486 | 0.06230 §.03463 1 19.85329 15.388%2
E §.29900 {0.28020 0.29640 | 0.83877 § 1.42580 ; 0.06230 0.08769 | 22.93604 15.87280
] 8.22600 ;0.27340 {0.29440 ; 0.72922 ; 1.49190 | 0.06230 6.15659 ; 23.94703 206.45793
€ 0.15100 10.26840 10.29640 | 0.59607 | 1.33410 { 0.06230 0.25308 | 24.62440 21.77241
B .07600 ;0.26540 10.29440 ; 0.42283 ; 1.56%60 ; 0.06230 0.40560 § 25.19422 23.17083
F 55.34000 ;0.38600 ;0.27930 10.28510 3 0.95301 ; 1.12130 ; 0.06230 0.02405 ; 17.9983% 13.43852
E 0.31200 10.26970 10.28510 § 0.85681 § 1.39940 | 0.06230 0.07712 | 22.46228 18.36273
B 0.23500 ;0.26200 {0.23510 ; 0.74513 ; 1.47760 | 0.06230 0.14601 § 23.71730 20.15204
¢ 0.15800 10.25630 :0.23510  0.60973 ¢ 1.51280 | 0.06230 0.24245 | 24.28250 21.36516
B 0.03000 {0.25280 ;0.23510 ; 0.43386 ; 1.55220 § 0.06230 0.32484 | 24.91493 22.83904
£ 50.465000 10.41000 (0.26950 (0.27190 ¢ 0.9821% | 0.96990 { 0.06230 0.00398 | 15.56822 10.86372
E 0.33100 10.25310 10.27190 § 0.89251 § 1.41000 | 0.06230 0.06241 | 22.63242 19.4098%
B 0.25100 ;0.24900 :0.27190 1 0.76350 § 1.47030 { 0.06230 8.13090 § 23.92135 20.24433
¢ §.16800 10.23800 10.27190 | 0.62872 1 1.52660 | 0.06230 0.22795 | 24.50401 21.4957¢6
B 0.03400 10.23797 10.27190 ; 0.44453 ; 1.55140 ; 0.06230 0.38447 ; 24.90209 22.77433
E 43.30000 0.34400 ;0.25240 ;0.26500 § 0.89967 ; 1.40740 { 0.06230 0.05281 § 22.3%06% 13.285603
D 0.25900 }0.24250 {0.26500 ; 0.78045 { 1.50300 | 0.06230 0.12319 § 24.12520 20.3%004
[ 0.17400 ;10.23460 10.26500 ; 0.63%35 ; 1.53730 ; 0.04230 0.21962 | 24.67576 21.61427
B §.08700 ;0.22690 10.26500 | 0.45244 | 1.55630 { 0.06230 0.37699 | 24.98074 22.815%3
E 45.60000 10.36800 10.24710 (0.25640 § 0.93053 § 1.39270 | 0.06230 0.03599 | 22.35474 17.90245
D 0.27100 ;0.23410 (D.25640 ; 0.79853 | 1.51410 { 8.06230 0.11202 | 24.30337 20.48266
o 0.15200 10.22560 }0.25640 ; 0.45440 § 1.54950 } 0.06230 0.208%0 § 24.5715%9 21.74050
B 0.09100 0.22040 10.25640 ¢ 0.46273 1 1.56290 ¢ 6.06230 0.36731 § 25.08663 22.87267
E 41.54000 :0.39400 {0.23600 iD.24300 ; 0.95054 ; 1.28930 ; 0.06230 0.02536 ;1 20.69302 16.14698
) 0.29200 10.22200 10.24300 ; 0.82889 | 1.51170 | 0.06230 0.09356 | 24.2648% 20.29887
¢ 0.19700 (0.21176 10.24300 ; 0.58083 1 1.366%0 | 0.06230 0.1998% | 25.15088 21.89332
B £.09500 {0.20509 10.24300 § 0.48020 § 1.58980 | 0.06230 0.35117 | 25.51846 23.22087
£ 38.63000 10.40900 {0.23000 {0.23330 { 0.98100 { 1.10760 | 0.06230 0.00959 | 17.77849 13.08473
D §.31960 ;0.21400 {0.23330 { 0.85406 ; 1.50910 | 0.06230 0.07372 | 24.22311 20.13672
¢ §.20200 10.20200 $0.23330 ; 0.70126 § 1.56990 | 0.06230 0.17560 § 25.19904 21.84373
8 0.10500 0.19400 10.23330 ; 0.45705 1 1.58930 ; 0.06230 0.3359% | 25.51846 23.14023
D 36.40000 0.32500 ;0.20800 ;0.22600 ; 0.87447 ; 1.49450 | 0.06230 0.08697 | 23.98876 19.80447
¢ 0.21800 10.19400 10.22600 | 0.71620 { 1.56700 ; 0.06230 0.16537 | 25.15249 21.72570
B8 0.11000 ;0.13500 ;0.22600 ; 0.50875 ¢ 1.58720 ; 0.056230 0.32560 | 25.47673 23.04253
] 35.52000 0.33200 0.20570 §0.22260 ; 0.98384 ; 1.48330 | 0.06230 0.06166 ; 23.808%72 1%.53008
£ 0.22400 10.19070 10.22260 § 0.72599 | 1.56540 { 0.06230 0.15876 § 25.12681 21.65318
B 0.11300 ;0.18110 10.22260 ; 0.31364 § 1.58330 ¢ 0.04230 8.31958 | 25.4975% 23.03043
B 32.16000 ;0.36100 ¢0.19300 10.21100 ; 0.92164 ; 1.41230 | 0.06230 0.04078 | 22.67737 13.26743
£ §.24200 10.17900 {0.21100 | 0.75459 ; 1.55910 | 0.06230 f.13986 | 25.02568 21.41519
i 0.12200 ,0.16700 0.21100 § 0.53578  1.58350 ; 0.06230 0.30227 ;| 25.49759 22.23405
i} 28.45000 (0.40100 ;0.19270 ;0.19300 i 0.77135 ; 1.12490 | 0.06230 0.01453 | 18.05418 13.40835
¢ 0.27100 10.16520 {0.19800 § 0.79833 | 1.56520 | 0.06230 0.11202 | 25.12360 21.30289
B $.13700 10.15170 10.12300 | 0.56776 i 1.58740 ; 0.06230 B.27570 1 25.47%%4 22.76337
i 26.50000 {0.29000 {0.16350 10.19100 | 0.82605 1 1.56560 | 0.06230 0.09526 § 25.13002 21.17764
8 0.14100 {0.14320 {0.19100 § 0.57599 § 1.58530 | 0.06230 0.26904 | 25.44623 22.69029 i
¢ 24.22000 {0.31300 {0.16000 10.18360 | 0.86501 | 1.47480 | 0.86230 0.07238 | 23.67255 19.53377
B 0.14000 {0.13430 :0.18360 ; 0.61357 ¢ 1.58150 | 0.06230 0.2324%3 § 25.38523 22.44943
£ 12.16000 {0.3%300 10.15900 ;0.16700 ; 0.9561462 1 1.20680 | 0.06230 8.01957 | 19.37079 14.76975
R 0.20400 {0.11850 {0.16700 | 0.49282 | 1.55880 | 0.06230 0.18146 | 25.02087 21.705%4
B 17.30000 10.21800 10.11300 10.16200 | 0.71620 | 1.56400 | 0.06230 0.16337 § 25.10833 21.67754
B 11.31000 ;0.31100 {0.11380 {0.14680 { 0.85543 | 1.20060 | 0.06230 0.07792 | 19.27127 15.17829
TABLE 3.16  Analysis of Data for S1 - 5 Series.
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S2-2 SERIES

d:11.02 ca.  slope - 0.01730

0= 20.939 1t/sec.

0.3
-{7/7)
SECTION | 7 h b, L eE ] w o, L Y B -y A
T T ? ° o ?? v\ 7
{a.} {s.) (a./s.} { {a./s.)

£ 41.54000 ]0.33400 {0.235600 {0.24300 | 0.95054 | 1.25078 ; 0.06050 0.025346 1 20.6740% 16.12600
B 0.29200 10.22200 10.24300 | 0.92832 ; 1.413%0 { 0.06050 0.09356 ¢ 23.37025 1940427
¢ B.19700 10.21176 10.24300 | 0.68083 ; 1.42790 | 8.06050 0.13932 1 23.60165 20.34409
B 0.09300 ;0.20509 10.24300 | 0.48020 ; 1.47625 | 0.06050 0.35117 | 24.40083 22.10324
E 38.63000 ;0.40900 ;0.23000 :0.23330 | 0.96100 ; 1.12986 | 0.06050 0.00959 | 18.67537 13.98161
B 0.31000 10.21400 10.23330 | 0.35405 ; 1.4766% | 0.06050 0.07372 | 24.40810 20.32174
£ 0.20%00 ,0.20200 $0.23330 ¢ 0.70126 | 1.48319 | 0.05050 0.17560 § 24.51554 21.16023
8 £.10500 0.1%400 10.23330 | 0.49705 ; 1.47306 | 0.06050 0.33596 | 24.34810 21.96937
b 3640000 10.32500 {0.20300 ;0.22600 1 0.37447 | 1.47175 } 0.904050 0.06697 | 24.32645 2014236
£ 0.21800 30.1%400 10.22600 § 0.71620 ) 1.50231 § 0.06050 0.16537 | 24.83157 2140478
8 0.11000 10.13500 10.22600 1 0.50875 | 1.47103 | 0.06050 0.32560 | 24.31455 21.83035
)} 35.52000 30.33200 ;06.20578 ;0.22260 0.98334 | 1.45730 | 8.06050 0.06146 | 24.08760 19.85869
¢ 0.22400 10.19070 {0.22260 | 0.72599 | 1.50442 ; 0.06050 0.15876 1 24.85645 21.39282
8 §.11300 {0.18110 ;06.22260 | D.51564 | 1.47014 | 0.06050 0.31958 | 24.30017 21.83300
i} 32.16000 {0.36100 {0.19500 ;0.21100 | 0.92164 | 1.31752 | 0.06050 0.04079 ;1 21.77719 17.36745
o 0.24200 10.17900 ;0.21100 | 0.75452 ¢ 1.50414 ; 0.0s050 0.13986 | 24.56182 21.25132
8 .12200 10.16700 10.21100 } 0.53573 | 1.46462 | 0.06050 0.30227 } 24.20860 21.64506
] 28.45000 {0.40100 {0.19270 10.19300 | 0.97135 | 1.06722 | 0.06050 0.01453 | 17.64000 12_99237
¢ §.27100 10.16820 ;0.19800 | 0.79853 | 1.49185 ¢ 0.06050 0.11202 ; 24.65868 20.83797
8 0.13700 {0.15170 10.19800 | 0.56776 | 1.45646 | 0.06050 0.27570 | 24.07702 21.36046
¢ 26.50000 ;0.29000 {0.16350 10.1%100 | 0.82605 { 1.47053 | 0.06050 §.025256 § 24.30628 20_353%1
8 0.14100 ;0.14320 10.19100 ; 0.57599 ; 1.45273 i 0.06030 0.26904 | 24.01207 21.25613
¢ 24.22000 10.31300 ;0.16000 ;0.18360 ; 0.86501 , 1.40690 | 0.06050 0.07238 | 23.254855 1911576
B #1.16000 }0.13430 10.13360 | D.61357 | 1.44034 | 0.06050 0.2394% ; 23.80727 20.87152
| 1216000 [6.39300 10.15900 ;0.16700 | 0.96162 | 1.08706 { 0.06050 0.01957 § 12.967%3 13.366%90
B 0.20400 10.11850 10.16700 § 0.69282 | 1.42430 | 0.06050 D.18146 | 23.55207 20.23714
B 17.30000 ;0.21800 {0.11300 10.16200 | 0.71620 { 1.40302 | 0.06050 0.16537 | 23.19041 19.76362
B 11.31000 10.31100 10.11380 iD.14480 | 0.85543 | 1.27444 | 0.06050 0.07792 | 21.06512 16.97215

TABLE 3.17  Analysis of Data for 52 - 2 Series.
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§2-3 SERIES d - 14.98 ca. slope = 0.01730 8 = 33,493 1f/sec.

8.5

-{7/%)
SECTION | 7 h b LeE ol 05t o du -2 )T
t t 1 ° T (F/E) LV 7

{n.) {s.) {a./s.) | (a./s.)
F 55.34000 ;0.38500 {0.27930 ;0.28510 § 0.95301 | 1.46050 | 0.06713 0.02406 § 21.7562%9 17.19642
F 50.65000 {0.41000 {0.26950 ;0.27190 | 0.9821% ; 1.38340 § 0.06713 0.00593 | 20.60778 15.90328
E 0.33100 ;0.25810 (0.27190 ; 0.88251 | 1.64985 ; 0.06713 0.06241 | 24.57694 20.35441
)] 0.25100 10.24900 10.27190 ; 0.76350 | 1.71320 ; 0.06713 0.13098 | 25.52063 21.34361
g 0.16300 {0.23800 0.27190 ; 0.62872 ; 1.72804 ; 0.06713 0.22795 1 25.74170 22.73345
B 0.08400 ,0.23797 ,0.271?0 0.44458 | 1.749%48 | 0.06713 0.3344% | 26.06108 23.93392
E 45.30000 10.34400 18.25240 20.26500 0.99267 § 1.65013 | 0.06713 0.05281 | 24.53134 20.27729
B £.25300 ;0.24250 10.26500 ¢ 0.78065 ¢ 1.71653 | 0.06713 0.12319 | 25.57024 21.83508
£ 017400 10.23460 10.26500 | 0.63935 | 1.72234 | 0.06713 0.21962 | 25.65679 22.59529
B 0.08700 (0.22690 10.26500 | 0.45244 ; 1.74383 | 0.06713 0.372693 | 25.97691 23.81211
£ 45.60000 ;0.36800 10.24710 10.25640 | 0.93053 1 1.61758 i 0.06713 0.035992 | 24.09623 19.643%4
] 0.27100 {0.23410 10.25640 | 0.79853 | 1.70217 1 0.06713 0.11202 § 25.35632 21.53562
¢ §.12200 (D.22560 10.25640 | 0_65440 | 1.71607 | 0.06713 0.20890 § 25.56338 22.43230
B 0.09100 {0.22040 10.25640 | 0.46273 | 1.73743 | 0.06713 D.36731 | 25.98232 23.66831
E 41.54000 ;0.38400 10.23600 {0.24300 ; 0.95054 ; 1.50546 ; 0.06713 08.02536 | 22.42604 17.8779%
b 0.29200 :0.22200 ;0.24300 [ 0.3288% | 1.64250 | 0.06713 0.09356 | 24.46745 20.50147
¢ 0.19700 ;0.21176 10.24300 § 0.68083 | 1.69325 | 0.06713 §.18989% § 25.29793 22.04037
B 0.09800 10.20509 ¢0.24300 | 0.48020 ; 1.72690 ; 0.06713 0.35117 | 25.7247} 23.42712
£ 38.63000 10.40900 ;0.23000 :0.23330 ¢ 0.98100 | 1.36658 ; 0.06713 0.00959 | 20.35722 15.6634¢6
B 0.31000 {0.21400 10.23330 | 0.85406 | 1.43530 | D.06713 0.07872 } 24.36020 20.27330
¢ 0.20900 ;0.20200 10.23330 § 0.70126 ¢ 1.68725 ; 0.06713 0.17560 } 25.13407 21.7787¢6
R 0.10500 10.19400 }0.23330 | 0.49705 § 1.7190%9 | 0.06713 0.335%6 | 25.60837 23.23014
] 35.40000 10.32500 10.20800 §0.22600 | 0.97447 1 1.62445 } 0.06713 0.064897 } 24.19857 20.01448
¢ 0.21300 :0.19400 (0.22600 | 0.71620 [ 1.68025 | 0.06713 0.16537 1 25.02979 21.60300
B §.11000 10.18500 10.22600 ; 0.50873 | 1.71412 | 0.06713 0.32560 § 25.53434 23.10014
B 35.52000 §0.33200 10.20570 {0.22260 | 0.83384 { 1.41340 | 0.06713 0.06166 | 24.04376 19.83485
¢ 0.22400 (0.19070 10.22260 ; 0.72599 ; 1.67675 { 8.06713 0.15875 | 24.97766 21.50403
8 0.11300 D.18110 10.22240 ; 06.51564 | 1.71193 | 0.06713 0.31958 | 25.50246 23.03529
B 32.15080 {0.36100 {0.19800 ;0.21100 ; 0.92164 | 1.52755 § 0.06713 0.04078 § 22.75510 18.34534
¢ §.24200 10.17900 10.21100 ; 0.75459 | 1.66876 1 0.06713 0.13986 | 24.85863 21.24814
8 0.12200 {0.16700 {0.21100 § 0.53579 | 1.70478 | 0.06713 0.30227 | 25.39520 22.43187
)] 29.45000 {0.40100 ;0.19270 {0.19300 ; 0.97135 | 1.400%4 | 0.06713 0.01453 | 20.86%906 16.22143
£ 0.27100 0.16820 10.19600 | 0.79853 | 1.65585 ; 0.06713 0.11202 | 24.66632 20.84561
8 0.13700 {0.15170 {0.19800 | 0.56776 | 1.89714 | D.06713 §.27576 ; 25.2813% 22.56493
[ 26.50000 10.29000 {0.16350 10.12100 { 0.92605 | 1.44361 | 0.06713 0.09526 | 24.43399 20.53161
B 0.14100 ;0.14320 ;0.19100 ; 0.57599 ; 1.69482 | 0.06713 0.26904 | 25.24683 22.49096
4 24.22080 ;0.31800 ;0.16000 10.18360 § 0.96501 § 1.40050 ; 0.06713 0.07238 | 23.84130 19.78302
B 0.16000 ;0.13480 ;0.13360 | 0.81357 { 1.69076 ; 0.06713 0.23249 | 25.18635 22.25060
£ 12.16000 10.39300 10.15900 {0.14700 ; 0.90162 { 1.37246 | 0.06713 0.01957 | 20.44481 15.84377
B $.20400 10.11850 i0.16700 | 0.69282 | 1.66030 | 0.86713 0.18146 | 24.73261 21.41768
B 17.30000 {0.21800 10.11300 10.16200 | 0.71620 | 1.64718 | 0.06713 | 0.18537 | 24.53717 21.11038
8 11.31000 10.31100 ;D.11380 ;D.14680 § 0.85543 | 1.52634 | 0.06713 0.07792 ¢ 22.73708 18.64410
TABLE 3.18  Analysis of Data for S2 - 3 Series,
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S2-4 SERIES

4 = 19.45 ca.

siope = 0.01730

§ = 51.353 1ijsec.

0.
l-( k] /70?
0.? ----------- ¥ ¥ 2 /¥
SECTION 1 T h? h,, (¢/3% ] U, 0.5 ] g -~ [
1#{% /%) ky %
{n.}) {a.) {a.fs.) | (a./s.)
F §9.78000 ;0.37000 ;0.28860 ;0.29640 ; 0.93305 § 1.76670 ; 0.07226 0.03453 | 24.44921 19.93484
£ 0.29200 10.28020 10.29640 | 0.83877 § 1.82330 | 0.07226 0.0876% | 25.23249 21.2192
] 0.22600 0.27340 ;0.29640 ; 0.72922 | 1.88970 | 0.07226 8.15659 | 25.15140 22.66230
£ 0.15100 10.26840 10.29640 { 0.5%607 { 1.90260 | 0.07226 §.25308 { 26.32992 23.47793
g §.07600 10.26540 10.29640 § 0.42283 ;| 1.91420 | 0.07228 0.40560 ; 26.4%045 24.46712
F §5.34D00 {0.38600 ;0.27930 10.28510 7 0.95301 § 1.59400 | 0.0722% 0.02406 § 22.05923 17.49934
£ 0.31200 {0.26970 10.28510 { 0.85681 | 1.74960 | 0.07226 0.67712 ; 24.21257 20.11301
] D.23600 {0.26200 ,0.28510 ¢ 0.74518 ; 1.81230 ; 0.07226 0.14601 § 25.08719 21.52173
£ 0.15300 {0.25630 {0.28510 § 0.60973 § 1.86230 { 0.07226 0.24245 § 25.77221 22.85487
8 0.08000 :0.25280 ;0.238510 ¢ 0.43386 | 1.89480 ; 0.07226 0.39484 | 26.22193 24146909
’ F 50.45000 ;0.41000 10.26950 10.27190 ¢ 0.93219  1.43030 ¢ 0.07224 4.00898 § 19.79330 15.0%431
£ 0.33100 10.25810 {9.27120 ; 0.88251 § 1.69680 | 0.07226 0.06241 | 23.48187 19.25934
)} 0.25100 10.245%00 ;0.27190 ;1 0.76850 ¢ 1.81180 ; 0.07224 8.13090 | 25.07335 21.394633
£ 0.16800 10.23800 ;0.27190 ; 0.62872 | 1.83540 | 0.07226 0.22795 | 25.41378 22.40553
B 0.08400 {0.23797 10.27190 ¢ 0.44453 | 1.87600 ; 0.07224 §.3844% | 25.%130 23.83485
£ 48.30000 :0.34400 10.25240 10.26500 ; 0.89967 ; 1.6%400 { 0.07226 0.05231 | 23.47030 19.16614
b3 0.25900 {0.24250 10.26500 | D.78085 | 1.81470 | 0.07226 §.12319 | 25.11348 21.37832
£ 8.17400 10.23460 :0.26500 ;1 0.43985 ¢ 1.34490 ; 0.0722% 0.21962 | 25.53141 22.46992
g 0.08700 10.22690 10.26500 | 0.45244 § 1.87990 | 0.97226 0.37699 } 26.01578 23.85097
£ 45.60000 10.36300 {0.24710 10.25640 § 0.93053 { 1.69130 { 0.0722¢ 0.03599 | 23.40576 18.95347
D §.27100 :0.23410 10.25640 ; 0.79853 | 1.833250 ; 0.07226 0.11202 , 25.35931 21.53910
¢ 0.18200 {0.22560 10.25640 | 0.65440 { 1.85940 { 0.0722% 0.20890 | 25.73485 2260376
8 0.0%2100 10.22040 ;0.25540 | 0.46273 ; 1.38840 ; 0.07226 0.36731 1 26.13341 23.91940
E 41.54000 ;0.38400 ;0.235600 ;0.24300 ; 0.95054 ; 1.61330 ; 0.07226 0.02536 § 22.39552 17.84747
B §.29200 10.22200 :0.24300 | 0.8288% ; 1.83700 | 0.07226 { 6.09336 | 25.42209 21.45611
¢ 0.19700 10.21176 10.24300 | 0.68083 1 1.37360 ; 0.07226 0.13982  25.99779 22.74023
B 0.09800 {0.20509 {0.24300 | 0.48020 { 1.91060 ; 0.07228 0.35117 | 26.44063 24.14304
£ 38.63000 {0.40900 {0.23000 10.23330 | 0.98100 ; 1.34610 ; 0.07226 0.00959 ; 18.62856 13.93480
)} §.31000 :0.21400 ;0.23330 ; 0.85406 ¢ 1.50460 ; 0.07226 0.07372 1 24.97371 20.838731
¢ §.20900 10.20200 ;0.23330 ; 0.70126 § 1.87740 | 0.07226 0.17560 ¢ 25.98118 22.62587
8 §.10500 10.17400 §D.23330 1 0.49705 ¢ 1.91060 | 0.07226 §.335% 1 26.44083 24.06240
b 34.40000 10.32500 :0.20800 ;0.22600 ; 0.87447 ; 1.78600 ; 0.07226 0.06697 § 24.63327 20.44918
g 0.21800 10.19400 ;0.22600 § 0.71620 | 1.86920 | 0.07225 0.16537 | 25.86770 22.440%1
B 0.11000 :0.18500 10.22600 ¢ 0.50875 1 1.91240 | 0.07224 0.32560 | 26.46554 24.03134
] !35.52000 10.33200 10.20570 10.22240 ; 0.53384 | 1.76680 ¢ 0.07224 B.06166 | 2445060 20.2216% !
¢ i 10.22400 10.19070 {0.22260 | 0.72599 { 1.87270 { 0.07226 0.15876 | 25.91614 22.44251 |
B ;0.11300 0.18110 10.22260 § 0.51564 1 1.91280 | 0.07224 0.31953 | 26.47108 24.00391
B 32.15000 }0.356100 {0.19300 10.21100 § 0.92164 ; 1.67350 ¢ 0.07224 0.04078 | 23.22862 18.81933
I .24200 {0.17900 10.21100 ; 0.75459 | 1.84600 ; 6.07226 0.13%86 | 25.54664 21.93614
B 0.12200 10.16700 10.21100 ; 0.53578 § 1.21150 ; 0.07228 0.30227 | 26.45309 23.88953
B 28.45000 ;0.40100 10.19270 :0.19800 ; 0.9713% ; 1.31520 | 0.07226 0.01453 § 18.200%4 13.55331
¢ 0.27100 10.16820 ;0.19500 § 0.79853 | 1.81340 | 0.07226 D.11202 | 25.09549 21.27478
8 §.13700 10.15170 10.19800 ; 0.56776 ; 1.90450 ; 0.07226 0.27570 ; 26.35760 23.64104
G 26_50000 10.29000 D.16350 10.12100 { 0.52605  1.78740 ¢ 0.07224 0.09526 | 24.73568 20.78330
8 §.14100 10.14320 ;0.12100 | 0.57599 | 1.89320 { 0.0722s 0.26904 | 25.19933 23.443%0 i
[ 24.22000 1D.31800 ;0.16000 10.18360 § 0.86501 ; 1.72980 | 0.07226 0.07238 | 23.93856 19.79977 i
8 0.16000 (0.13430 :0.18350 ; 0.61357 1 1.87320 1 0.07226 0.2349 | 25.92306 22.98730 !
¢ 1916000 10.39300 ;0.15900 :0.15700 ; 0.95162 | 1.37340 | 6.0722% 0.01337 1 19.00437 14.40533 5
! B §.20400 10.11850 10.16700 § 0.69282 | 1.81960 § 0.0722¢ 0.18146 | 25.1812% 21.86636 ;
B 17.30600 10.21800 {0.11300 {0.16200 § 0.71620 { 1.79160 { 0.0722¢ 0.16537 | 24.79380 21.36701 %
8 11.31000 :0.31100 10.11330 0.14680 § 0.85543 | 1.65050 § 0.0722¢ 0.07792 | 22.84113 18.74315 i
1] t
TABLE 3.19  Analysis of Data for S2 - 4 Series.
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In these figures , the best-fitting straight line
with a slope of 1/0.413 have been drawn . As can be seen
from Figures (3.1) - (3.1%) , the measured velocity
distributions confirm the value of k eguals to D.41% . Also
from these figures , the values of B for each set have been
determined , and these values are given in Table (3.20).It
can be seen  from Takle (3.20) that , the value of B is
changing between 22.56 to 26.47 .

Az stated before , the value of B.is not universal
but may take different values for different flows. For two
dimensional flows , for which the classical law of the wall
holds true , the value of B is 5.45 .

A survey of literature has showed that , even for the
class@cal law of the wall , the value of B may vary and it
might be larger than its expected value of 5.45% as
discussed by Patel,v.C. & Head,M.R. (1&8) , afzal,N. &
Yajnik,K. (17) and Clark,J.a. (18) .

Patel,V.C. & Head,M.R. (1&) , in their study ,
measured the skin friction and determine the velocity
distribution for turbulent flows in two pipes having
different diameters and also in a rectangular open channel
flow .

They showed that , in pipe flows , the flow becomes
fully turbulent above a Reynolds number of 3000 , and for
the fully ‘turbulent flows , the velocity distribution

follows the classical law of the wall . In their study ,

&%



although the value of k is consistent with the universal
value of 0.418 , the value of B is appreciably larger than
the expected value of $5.45 . Patel,V.C. & Head,M.R. (1&)
also showed that the velocity distribution in a rectangular
channel flow follows the law of the wall with the values of
k = 0.418 and B = 5.45 .

As  stated above , the channel used by Patel,V.C. &
Head,M.R. (14} was rectangular in cross-section and the
measurements were taken at the center , hence the flow may
e considered as the same as the flow over a flat plate .
It is well-known that the classical law of the wall holds
true for a turbulent flow over a flat plate .

aAfzal,N. & Yajnik,K. (17) also made a research about
the skin friction in turbulent flows at moderately large
Reynolds numbers and as Reynolds number approaches infinity
the additive constant B approaches to wvalue of 5.45 .

Clark,J.A. (13) also noted an increase in the value
of B with decreasing Reynolds number in his study of
incompressible turbulent boundary lavers in channel flow .

In the studies mentioned above , the curvature
effects are not taken into consideration , and hence the

values of B in these studies are for the classical law of

~

the wall .
Oon the other hand , if the flow in a semi-elliptical
charnnel is concerned , there is an effect of curvature of

the channel geometry on the velocity distribution .
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Consequently the wvalue of B may be different than the
classical value of 5.45 . As also indicated by Patel,V.C. &
Head,M.R.(1&) , in pipe flow , in which there is the effect
of curvature , the values of B are larger than 5.45 , and
the value of B depends on the Reynolds number .

In this study , to see the variation of B with the
Reynolds number , for each set of data , the Revnolds
numbers  based on hydraulic radius , have been plotted in
Figure (3.20). As can be seen from this figure , the result
is not conclusive

On  the other hand , for open channel flows the
relative slope, S,/ § ;where 5, is the channel bottom
slope and S . igriﬁe critical slope ,may become an
important pgiggeter as discussed by Balta , &. (1) ,
Rajaratnam,M.N. & Muralidhar,D. (20) and Delleur,J.W. ,
Doodge,J.C.1. & Gent,K.N. (21) . Therefore just to see how
B values vary with the relative slope , the critical slopes
have been calculated for each set of data and the relative
slopes have been tabulated in Table (3.20) . The values of
B versus relative slopes have been plotted in Figure
(3.21). Az can be seen from this figure the result is not
conclusive pbecause of inadeguate data.

It can be seen from Table (3.20) that the B8 values
are changing between 22.56 to 26.47 and have an average
of 24.82 .

o the other hand, the average values are , 23.86 for
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SERIES ] A R Rgzggigs Ac it R i S/S rit‘ B
{ca3fsec)) (ca2) (ca) (Rufv) (an %cn} ‘

1 7807 | 149.470 7.5 s | 18666 | 1783 ) o.oo0000 | 2022 |
2 1 o1ames b ozt 103351 ss0 ) s0.0e8 ! 2465 | o.oocono ! 2640
3 1 o3o009 b3svam ! weses ! 126! stw9i 3ss2io.ocoooe ! 2336
6 | asoss lassom ! 1semr ! w7aooo ! esess ! 4366 ) o.cooo00 | 23.46
H-3 | 9308 | 137.683 7ann ) seso2 ! sess ! 300 |o.oosmes ! 225
m-s | oess7 | 1ssan s.95 1 assy ! stoos ! 3ss3looosme ! 237
M-5 | 19295 | 210,120 96781 mesrs | 7noa !l asse loooses2 ! 2609
m-6 |osss b aansee ! 1a016 ] 1mze ! 12079 6602|0003 | 2300
-7 | osmes lasen ! tsio ! omesse !l w32l ssmlosesin ! 2.3
-3 | oer | sLan s.997 ) se2o ! szs:l sestlooosse ! 244
H-s | oas7s3loseom ! 1088 ] wmaszs | 1067651 5.933 | o.ooeses | 23.96
i-6 | oa193 ) ssaen ! 1a7e2 ! wss2z ! sseam ! 7597 looomst! as.s
si-2 | 15308 | 137,440 ! mmwr! sl a2 loomss ! 25.6
si-3 | oseo30 lasaze ! s ! meoss! 1mas ! voseloonms! 2640
si-¢ | osom lomae ! st eyl imaso !l 7i0eloomgst ! 207
s-5 | ossae lasozo0 ! maser! arss ! msssso !l e7e0 !l o.omsozz ! 25.ss
s-2 | 20989 | 151760 7628 10561 91764 ! 5.332 | o.ooses7 ! 25.00
s23 | swe3lossemn ! nose2l s | omzsas] 730 Dol 2609
-4 | oau3s3 ezl 137l osuee ! 2004031 sat3loosose ! 2.

TABLE - 3.20  Table for Reynolds Mumbers , S/S
or

72

1t

and B values .




h

]

et

A

Y]

N
i

a1}

i AN

Figure %.20

(] 130 {180 S0
[Thousards}

Xy}

Reynolds HNumber

Variation Of B Values With
Reynolds Number

13

bt
;E.




in

0 i}
¥
1]
] i
o
1]
it
o i
¥
n
i
il )
i
£
o O00d O00E Oz O0is oo Ozd oS 0.033

So/scrit

Figure 3.2I Variation Of B Values With
Relative Slope

T4



H - Series , 23.33 for M1 - Series , 24.6%9 for M2 -~ Series,

N

5.92 for 51 - Series and 25.8% for 82 - Series
Since the variation of B is small , an average of B
equals to 24_.4 may be taken for the law of the wall in a

semi-elliptical channel flow.



CONCLUSTION

1. The law of the wall in a semi-elliptical opern charnnel
flow has bheen derived . The velocity distributions in the
viscous sublaver and the fully turbulent region are given
by Eguations (2.31) and {(2.44) , respectively .

2. The wvalue of vornt Karman®s constant Kk , in  this

derived form of the law of the wall confirms the value of

0.418 .

3. The wvalue of B , for the law of the wall for a
flow in a semi-elliptical channel given by Egquation (2.44)

may be considered as 24.6
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