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ABSTRACT

A theoretical analysis of the turbulent wake behind a body
of revolution has been made, and an equation for the velocity dis-
tribution in the wake has been found in terms of four constanis
which are determined from experiments. Measurements of the velocity
distribution in the wake behind twelve bodies of revolution are
presented, and the four constants for each body are derived.

A generalization of the empirical constants in terms of
body drag coefficient i1s made, OCalculation velocity distributions
using the empirical constants compare satisfactorily with measured
distributions,

The publication of this report does not constitute approval
by the Air Force of the findings or conclusions contained hersin.

It is published only for the exchange and stimulation of ideas.
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SECTION 1
INTRODUCTION

The turbulent wake behind a body in subsonic flow has
been the subject of theoretical investigations by several
authors (Refs 1,2,3,4). These investigations, which consider
both two and three dimensional wakes, are given extensilve
review in Ref 5,

No mathematically accurate solution has thus far been
obtalned for the flow field in a wake, and the authors have
made assumptlons which cause their results to agree with
experiments only relatively far downstream from the body.
However, in problems of aerodynamic deceleration the velocity
and pressure dlstribution ln the wake must be known much
closer behind the wake producing body. Prompted by this, in
Ref 6, an expression for the flow field behind bodies of
revolution was derived in terms of an independent constant
which was determined from a knowledge of the pressure at the
center of the wake. But since this method was intended to
describe primarily the wake of a relatively streamlined body
at distances 4 to 6 diameters downstream it did not provide
good results at lesser distances, and was particularly
unsatisfactory for blunt bodies (Ref 7).

In order to make the theory more applicable for
streamlined bodles as well as for blunt, particularly in the
reglion close behind the body, 1t was suggested that certaln
classical assumptions usually consldered valid far downstream,
be replaced by empirical expressions derived from experi-
mental data related to the near base region (Ref 8). In chis
fashion, Ref 9 derived a method including empirical constants
determined from measured velocity distributions Iin the wake
behind bodies of revolution with drag coefficients varying

Manuscript released by the authors December 1962 for
publication as an ASD Technical Dccumentary Report.



from 0,194 to 1.4, This method was very promising and is
further pursued in the present study.

In particular thils report then presents the develop-
ment and derivations of empirical rélationships of the wake
characteristics and thelr generallization in terms of drag
coefficlents. Furthermore, the calculated velocity distri-
butions based on the direct and the generallized coefficients
are compared with experimental results,



SECTION 2
THEORETICAL VELOCITY DISTRIBUTION

2.1 Coordinate System and Geometry

It is customary in analyzing the turbulent wake behind
a body of revolution at rest in a moving fluid to use a
cylindrical coordinate system (X, r, © ) as shown in Fig 1.

X, v X2
r \ - B ¥
PRMARY |
o BODY ab 2b,

L

X . |

U =

u‘—-

FIG 1. COORDINATE SYSTEM AND VELOCITY DISTRIBUTION BEHIND
A BODY OF REVOLUTION

The body 1s suspended in a uniform flow field of veloclty Vg
with 1ts axis parallel to the direction of flow. The dis-
tance X 1s measured downstream from the base of the body, r
is measured perpendicular to the X-axis, and © is defined

in the usual manner. The mean velocities in the X, r and @

directions are V, Voo and v_ respectively. The difference

between the free stream velgcity Vo and the veloclty of the
disturbed flow in the wake, V, 1s the velocity defect u.

The radial wldth of the wake, b, increases with increasing
distance downstream, while the velocity defect on the center-

line decreases,



2.2 The Equation of Motion

In analysls of boundary layer phenomena, one may assume
that the varlation of velocity perpendicular to the X-axis 1is
large compared to that along the X-axls, and that the pressure
gradlent in the X-directilon may be neglected. Then assuming
constant density, the equation of continulty is

_ga(r;(u) . aé()r:r) .0 - (1)

With the further assumption that the lamlnar shearing stress
can be neglected compared to the turbulent shearing stress,
which 1s valid everywhere except near solid boundaries, the
differentlal equation of motion in the X-direction can be
written for incompressible flow as

Qu . dul . 19r?D)
P[Vax wSr] = ar  ’ (2)

where T represents the turbulent shearing stress, expressed
in cartesian coordinates as

T =PEQH~0 (3)

There 1s no exact expression for the "apparent"
kinematlc viscosity € ; the expression used in this deri-
vation is Prandtl's hypothesis

€ = H B(Umax~ Umm) (4)
where b is the radial width of the wake and M is a constant
determined by experiment. Introducing Egqns 2 and 3, Egqn 1
becomes

du_ ., du 1.9 [ u

— m— = * — r - ——— ®
In the wake, a few dlameters downstream, it can be assumed
that u and v, are small compared with V, . Also, Unin = 0



and Yax @lways occurs on the centerline. Therefore the
equation of motion of flow in the wake of a body of revolu-
tion 1is

ou Q
“dX “b“m“"}'ar ore) - 2
2.3 The Solution

In order to obtain a solution of Egn 5, and in view
of Refs 2, 3, and 4, the assumptions are made that the velo-
city distributions 1n different cross sections of the wake
are simlilar, and that the wake radial width b and the velocity
defect on the centerline Uax VATY with X according to some
power law, These assumptions can be expressed as

r=nx" (6)
b=k X" (7)
U=Vo% (8)

where m and n are unknown constants., To evaluate these con-
stants (Ref 5), the equation of motion, Eqn 2, is written
with the assumption that u and v, are small compared to

Vo as

AU _ 1 J(rr)
VQ ax - rp ar ' (9)

Employing Prandtl's mixing length hypothesis, £ =L2|g-;/—" R
the turbulent shear stresg can be wrltten as

T =pl?|SH &4, (10)

where L is the mixing length. Utilizing Eqn 8, we obtain:



or:

87 © 3 ar 10V S ST D)

010)
sle

o )

where the superscript (') Indicates differentiation with
respect to® ., Using Prandtl's assumptlon that the mixing
length 1s proportional to the wake width, ylelds the
relationships (using Eqn 7)

Lo<b=KX"

or
Le< X" &

Then from Eqn 10,

T o< X2 (7)] en £

or 2
T = const - 2" £ ()

Differentiation gives

Q—" = const 2)6(2m n)f('”)f”(”)
or
so that
2 Ar?) .z, 1987
rp or ﬁP P o
x2m[f t71>]2 Jamen
- Const: J const -2
or
1 9ry) . glemn) {f’(nz
rp or X [ s2fnf (7?)] (11)



Similarly,

o v\c[ Vs S 05 ]

or
w2 = X ennri)] (12)

Then using Egqns 11 and 12, Egn 9 becomes

For both sides of this equatlion to be of the same order of
X requlres that
- ~(2m+n)
x(mﬂ) = X
which gives

m+n =1 , (13)

A second relationship between m and n can be obtalined
from the relationship between aerodynamic drag and the momen-
tum change. If u is assumed to be much smaller than V, ,
the drag can be expressed as

D, = 211,0V,ﬁrdr = const - (14)

Then using Eqn 8, ve have

f ) @ X" x"dn = const
or
D, =x2"™ = const
Therefore
2n-m=o0 - (15)



Now combining Eqns 13 and 15 ylelds
m = 2/3 '
n =13 -
These values are the same as those found by Swain and
Schlichting using a different approach. We may now write
Eaqns 6, 7, and 8 as

r=nx" (6a)
b=k X" (72)
U= V.-%Zg . (8a)

It 1s now possible to write a solution of the
differential equation of motion (Eqn 5) using Eqns 6a, 74,
and 8a. This solution is assumed to be of the form

22

U= Unaxe®' (16)
where
Umax = B8, (17)

and s 1s an unknown constant. To evaluate this constant s,
the values of the terms of the differential equation of
motion (Eqn 5) are determined as:

ou 2AV£ 2, sn?
V~ —§ —x%(‘]’sq )e 1

X
1 OU _ 2A\S _s7?
T ar " x% €

and

Fu  2ALS

&, - Eaashe” .



Substituting these expressions into the differential equation
of motion, we have

(1+572)(1+6 RKAS) = O (18)

from which we obtain

Sy =-

The solution (Eqn 16) of the differential equation of motion
may now be written as

2

To determine the constants Cl and 02’ we use the houndary
conditions for the wake;

a) u=0 for r:=7%7:e

b) =Um fOr‘ f‘=7l=0 .
The constants are thus determined;:

C1 =1,

c o.

2
Therefore the velocity has the Gaussian distribution

2
u- Ak o ERE . (19)

We can now substitute Eqn 6a back into this expression
and obtain



Or, making thls expression dimenslonless gives,

’ A _(/RY? (20)
Y. _A o TSIRARDE 20
Vo  (X/D)??
Reference 6 presents expressions for A and K in terms
of the drag coefficlent CD and area S of the body and the
emplrical parameter ¥ « The final form of that solution 1is

u .
Vo, (YD 4¥

_0415(r/R)2
010 [CQ g]%e X0 (oA . (21)

2.4 Modification for the Close Body Range

In an attempt to obtain a relationship that expresses
the flow fleld close behind the body (X/D 2 4), it was pro-
posed (Eqn 7a) that the exponent n = 1/3 of the wake width
law and the exponent m = 2/3 of the centerline velocity
defect law (Eqn 17) be replaced by empirical values obtalned
from pertinent experliments.,

Again we consider the differential equation of motion,

Eqn 5,
v. U - ®pu [J_QE,\ aeu] . (5)
®dX max| T or " Jr2

Or, in the dimensionless form, we have

Medu by [1 8u , u ] (52)
2 9X/D) R (MR)X/R)  AM/R)?2

As in the original theory, the following assumptions are

made concerning the wake, with all relatlions now made

dimensionless:

10



r [ X n

£ - 7] (22)
b a(x|" ‘

=k -5) (23)
Unax . A |

T ®om (24)

Following the emplrical concept we will leave the constants
a, k", m, and n arbitrary.

Assuming a solution of the same form as 1n the
original theory (Ref 6) we have

s7'? a Vg esrz’2

U= umx€? = Sogym (25)

The individual terms of Eqn 5a can now be evaluated as:

au ]
SUD T Oomm (me2snzet”

OU ’ V 51'2
SRy - 238 oy € ’

and

9%y 2asV. 2 ,2
DmRR = (xypyman € (1r287

Introducing these relatlonships into Egqn 5a ylelds the
quadratic solution for

2 ei\ka ” ’
7 rpymem 52+ [+ 20 sem < 0+ (26)

Employing the quadratic formula, we obtain the rather
complicated solutlions for s,

11



e e+ e e — e

L
2
4AK"a 43K a Y 124 BK"a
[ X/D)m*n”ﬂ / WD)’“‘""*m? ]’2"“1 (X/D)m*n-

51’2 7 . 2
72(_3_/%_%37 (27)

It does not seem possible to reduce this expression in order
to obtain a practical exponent for the velocity profile.
However, by assuming temporarily that m = 2n, the quantity
under the radical becomes a perfect square, and we can obtain
the much simpler solutions

1
S 4%K"a
men-y
and N(x/p)
1
Sp* — ?2 .

Using these results, Eqn 25 becomes
2

U= UM[C;e NI 4 Ca e“] .
An application of the boundary conditions
a) u=0 for r=p:e
b)  Usup for r=9'=0 ,

determines the values of the constants C1 and 02 to be

02 = 0,

Thus the veloclity distribution in the wake of a body of
revolution 1s expressed by the equation

12



72 .2

- —lra— -
u=u e n(x/p)Mm*n- = a_vn_ 1ﬂ"'i:-‘[ .

Or, introducing Eqn 22, we obtain

_(rIR)?
g AV o HEEoupm (28)

x/D)m

Thus, we have obtalned a veloclty distribution equa-
tion with the four constants, m,n,a, and k" left arbitrary.
It can be seen that this equation is of the same form as
that of the original theory, and in fact; if the values
m = 2/3 and n = 1/3 are substituted into Eqn 28, taking into
account the fact that the equatlon is dimenslonless, it is
observed that Eqn 28 is identical to Egqn 19.

2.5 The Parameter X

In Ref 6, the constant ® was determined by experiment
so as to force the theoretical and experimental velocity pro-
files to agree on the centerline, Since in this analysis
the constants a, k", m, and n are arbitrary, it 1s desirable

to express A in terms of these constants. Let the wake
boundary be defined as that point where the veloclty defect
is 10 percent of the local maximum velocity defect, 1i.e.,
(Vo -V)/ (o ~-7Vy)=w/, . =0.10. With the
constants of the wake width law accordingly determined, we
have at the wake boundary (using Eqn 23)

k”2pup)%"
U = Upax € k2 (x/0) ™M
or k"%(x/p)2"
-‘J-h. = 010 = e 4dKa (yp)n-me
X

13



This glves

ymen~q

A= 5505 ()

Determination of A in this manner insures agreement of the
theoretical and experimental veloclity proflles both at the
centerline and at the arbitrary boundary of the wake.

The veloclty distribution equatlion now becomes

___(rR)?
0435 k"2 (x/p)2N

le

a

V. * XD (30)
Comparing this relatlonship with Eqn 21 shows agreement with
the solution of Ref 6. With the determination of the
arbitrary wake width and centerline defect laws from experi-
ments, Egqn 30 predicts the veloclty distributlion behind any
body of revolutlon.

14



SECTION 3
EXPERIMENTS

3.1 Veloclty Distribution

Wind tunnel tests have been conducted to determine
experimentally the velocity distributlons behind the twelve
bodies of revolution shown in Fig 2. The details of the
experimental procedure and data reduction are presented in
Ref 10. Experimental results for the region 2 £ X/D £ 20
are presented in Tables A-1 through A-12, and for the reglon
2 < X/D < 16 are shown in Figs A-1 through A-12 (Appendix).
These tabular and graphic results are taken from Ref 8,

3.2 Wake Width

With the wake boundary defilned as in previous sectlons,
that is, ub/'umax = 0.10, the experimental wake widths b/R
were measured for each X/D position for the twelve bodies.
These wake boundaries are indicated on Figs A-1 through A-12
(Appendix), and are tabulated in Table 1.

The power law expression of Eqn 22 Indicates that
these experimental wake widths should plot as straight lines
on log-log coordinate paper. Figures A-13 through A-24

(Appendix) present such graphs for each body tested..

It was found that an approximate representation of
wake width in the region 2 £ X/D £ 20 could be obtained by
assuming a straight line through the experimental wake widths
(the one-line épproximations of Figs A-13 through A-24,
Appendix), The constants k" and n determined from these
stralght lines (Ref 8) are presented in Table 2, From these
figures, it is seen that a one-line approximation is more
accurate for the streamlined bodles than for the bluff
bodies,

Since the reglon 2 £ X/D £ 8 is of special interest
in problems of aerodynamic deceleration, a better representa-
tion behind the bluff bodies, Models B through E, may be

15
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TABLE 1. EXPER!MENTAL WAKE WIDTHS

MODEL 2 4 [ 6 ] 8w ]2 [ |20
A b% |1.70 | 2.55[ 3.50 3.70 [4.00 | 4.50| 6.00]6.30
B B |1.88 | 2.20] 2.60] 3.05 [3.70 | 4.10] 4.60 | 5.0
c % 11.75 | 2.25] 2.55] 2.90 | 3.40 | 4.00] &.50 5,00
D % 11,70 ] 2.30 2,60] 2,80 3,40 | 3.80| 4.20] 4.80
E ER 1.70 | 2.15| 2,50] 2.80 |3.10 | 3.80| 4.60{ 5.00
F % 1130 1.85] 2.25 2,50 | 2,80 | 2.90] 3.50! 4.20
G DR 1.35 | 1.75) 2,051 2,25 | 2.70 | 2.90] 2.90] 3.0
H bR  1.10 1.70| 2.20| 3.00 | 3.30 | 3.60| 4.30( 5.00
' % |'1.03 | 1.20] 1.75] 1.95 | 2.00 2.00| 2.30} 2.50
J %R | 0.0 | 0.98 1.65( 1.55 [ 1.75 | 1.85| 2.40! 2.80
K °& 0.72 | 0.85] 1.20] 1.40]1.60] 1.90| 2.20] 2.30
L PR | 0.e2 0.90{ 1.50] 1.75|1.70| 1.70| 2.20] 2.50

TABLE 2. EMPIRICAL WAKE WIDTH CONSTANTS

<X/D< < < <xX/D<

MODEL Con 2k”x/o nzo 2 k”X/D ns 8 k.X/D n20

A 1.40 1,14 | 0.582

B 1,11 1,26 O.454] 1.39]0.368| 0,788 0.642

C 1.03 1.33 ] 0.394) 1.36]/0.365] 0.734] 0.660

D 0.836 1.34 ) 0.384f 1.30(0.3841 0.879 0.574

E 0.743 1.32 | 0.393| 1.33[0.358| 0.684} 0.678

F 0.577 0.927 0.488

G 0.425 0.989 0.397

H 0.350 0.693 0.665

I 0.230 0.81d 0.376

J 0,206 0.54]) 0.522

K 0.197 0.493 0.531

L 0.194 0.565 0,491
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obtalned by assuming one stralght line approximation in the
region 2 £ X/D<8 and a second in the region 8 < X/D $ 20
(the two-line approximations of Figs A-1l4 through A-17).
These constants are also presented in Table 2.

Usling the constants from the one-line approximations,
the empirical wake widths were calculated for all bodies,
and are shown superlimposed on the upper halves of Figs A-1
through A-12 (Appendix). It 1s seen that thls approximation
1s qulte accurate for the streamlined bodies, Models F
through L, and also for Model A. The wake widths based on
the two-~-line approximations were also calculated, and are
shown superimposed on the lower halves of Figs A-2 through
A-5; thils approximation is seen to be quite satlsfactory for
these bluff bodies.

3.3 Centerline Velocity Defect

Using the same technlque as used in determining the
wake widths, the maximum veloclty defects for each body have
been plotted on log-log coordinate graph paper in order to
determine the empirical constants a and m. (The data used in
plotting these graphs 1is presented in Table 3). Again, a
one-line approximation for 2 € X/D < 20 can be made for all

models, However, i1t is seen that one-line approximations
wlll be accurate for the streamlined models, Models F
through L, while for the bluff bodies, Models A through E,
the two-line approximation, one for 2 £ X/D € 8 and a second
for 8 £ X/D € 20, was more accurate., Table 4 presents the
constants a and m determined from both the one-line and the
two-1line approximations. It should be noted that the devia-
tion of the experimental points from the stralght line
approximations in Figs A-25 through A-36 (Appendix) will be
directly reflected in a deviatlion of the calculated velocity
profliles from the experimental ones on the wake centerline.

18



TABLE 3. CENTERLINE VELOCITY DEFECTS

MODEL Xp=2| 4 6 8 | 10 | 12 | 16 | 20
A || Fgax 0.25| 0.13 | 0,09 | 0.08[ 0.07| 0.06 | 0.05
B |[FH9X 1,00 | 0.31]0.16 | 0.11 | 0.09| 0.08| 0.06 | 0.05
C |j=max 0.34] 0.15 | 0,11 | 0.09] 0.08| 0.07 | 0.06
D 5£%E¥? 0.86 | 0.25] 0.14 | 0.10 | 0.08| 0.07] 0.07 | 0.04
E || =39%l 1,00 | 0.29] 0.14 | 0.10 | 0.09] 0.07] 0.06 | 0.05
F 3%“;“% 1.00 | 0.20| 0,12 | 0.09 | 0.07| 0.06| 0.05 | 0.04
G |[=Max)i 5 ¢4 | 0.20] 0.13 | 0.10 | 0.07| 0.07] 0.06 |0.05
H |09 5 26 | 0.12] 0.10 ] 0.07 | 0.07] 0.06] 0.05 [ 0.05
| [ 29XH 0,26 | 0.19] 0.14 [0.10 | 0.10] 0.08] 0.07 [0.05
J 2maXxii o 5y | 0.25] 0.12 | 0.15 | 0.1} 0.10] 0.08 | 0.05
K EQ/-;QA 0.36 | 0.29] 0.17 [0.14 | 0.15| 0.12] 0.08 |0.C8
L ‘!Qﬁu& 0.34 | 0.29] 0.12 ] 0.11 | 0.17] 0.10] 0.07 |0.07

TABLE 4. EMPIRICAL VELOCITY DEFECT CONSTANTS

MODEL CDm 2?:X/D§n20 2.(<;X/Dr<_r.18 8§X/D§n20
A 1.40 0.73 {0.93 | 1.70| 1.41] 0.34 |0.64
B 1.11 1.62 | 1.21 | 2.25] 1.45] 0.66 |C.86
C 1.03 1,08 | 1,02 | 2,97/ 1.63] 0.32 |0.56
D 0.836 1.00 | 0.84 | 1.790 1.41] 0.39 | 0.69
E 0,743 0.93 [0.73 | 2.41| 1.53] 0.48 |[0.76
F 0.577 0.81 | 1.03
G 0,425 0,64 | 0,87
H 0.350 0.28 | 0.61
l 0.230 0.46 | 0.70
J 0.206 0.66 | 0.79
K 0.197 0.71 | 0.76
L 0,194 0.64 | 0.74
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3.4 Velocity Profiles

Using the constants a, k", m, and n presented in
Tables 2 and 4 (using the two-line approximations where
appropriate), velocity profiles were calculated for all
models and all X/D positions from Eqn 30. These calculated
profiles are shown as the solid curves on Figs A-1 through
A-12 (Appendix). It is seen that a very accurate representa-
tion of veloclty distribution behind all bodies of revolu-
tion at all distances downstream greater than X/D = 2 is
obtained. In those cases where deviations occur, it is
elther because the velocity on the centerline deviates from
the straight line assumption, or because the experimental
veloclty profile 1s not a Gausslian distribution. In the
first case, a better fit could be obtained by using the
exact value of Uoox rather than that predicted by the straight
line assumption. Thls method would be similar to the one
employed in Ref 6,

20



SECTION 4
GENERALIZED VELOCITY DISTRIBUTIONS

4.1 Introduction

If the method of determining the velocity distribu-
tlon in the wake of a body of revolution set forth above is
to be useful In predicting the velocity and pressure distri-
bution behind any general body of revolution, it 1s desirable
to be able to predict the values of the empirical constants
a, k", m, and n merely from a knowledge of some easily deter-
mined parameter of the body, such as 1ts drag coefficient.
This should be possible, since one would intuitively expect,
for example, a continuously decreasing initial width of the
wake with decreasing drag coefficient, corresponding to a
continuously decreasing value of the constant k".

4,2 Empirical Constants

Since the values of the empirical constants a, k",
m, and n have been determined for bodies with a wilde range
of drag coefficlents, the postulated variations of the wake
characteristics should be readily apparent. Furthermore, one

may be willing to accept a certaln amount of inaccuracy and
agree basically to a one-line approximation and plot the
constants a, k", m, and n as determined on semi-logarithmic
coordlnate raper as functions of the drag coefficients
(Figs 3 through 6).

Allowling for experimental deviations, one observes
that the constants m and n can be assumed to be universal
constants in the reglion 2 < X/D $ 20. If thls range would
be reduced to say 4 $ X/D € 10, the agreement would be even
better. The values derived from Figs 3 and 4 are:

m= 0.85 (31)
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and
n = 0,47 , (32)

There 1s an obvious and significant deviation between
these empirical values and the classical values of m and n
assumed far downstream to be 2/3 and 1/3 respectively. But,
1t 1s also noted, that the assumption m = 2n used in the
solution of Egn 27 1s qulte accurate.

Evaluating the relationships of Figs 5 and 6, it is
found that the functlional dependence of the constants a and
k" on the drag coefficlents in the region 2 S X/D < 20 can be

-expressed as

a = 0.2 099 (33)
and
k" = 0.54 e”* (34)

A comparison between these generalized characteristic
values and those given in the Tables 1, 2, 3, and 4 indicates
a generally good agreement and one may conclude-that the
calculated curves in Figs A-1 through A-12 do also represent
wake characteristics obtained from the generalized
coefficlents,
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TABLE A-1. EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL A
r/R | X/D
2 4 6 8 | 10 | 12 16 | 20
7.67|[1.00 |.1.00 | 1.00 [ 1,00 | 1.00 [ 1.00 | 1.00 |%.00
5.67||1.,00 | 1,00 | 1,00 | 1,00 | 1.00 | 1.00 | 0.99 | 0.99
L.671l1.00 [1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.98 |0.99
4,00][1.00 | 1,00 | 1.00 | 0.99 | 0.99 [ 0.99 | 0.98 ]0.98
3,33]/1,00 1,00 | 0,99 | 0,98 | 0.98 | 0.98 | 0.97 |0.97
2,67111,00 | 0,97 | 0,96 | 0,96 | 0.96 [ 0.96 0.96 10,96
2,001 0.94 | 0.94 0.93 | 0,94 | 0.95 | 0.94 0.95 [0.96
1,33[/0.78 | 0.84 0.88 | 0.92 0.94 ] 0.93 0.95 | 0.96
vV 1,07]l0.,40 | 0.80 | 0.88 | 0.90 | 0.93 [ 0.93 0.95 10.96
‘Zo 0.80{0.26 | 0.79 | 0.87 | 0.91 0.93 [0.93 }0.94 [0.95
0.53 10,14 | 0.77 | 0.87 | 0.91 0.94 | 0.93 0.94 | 0.95
0,27 |—™— 0,75 | 0.87 | 0.91 0.92 {0.93 | 0.94 |0.95
0 —— 1 0.75 | 0.87 | 0.91 0.92 10.93 | 0.94 ]0.95
0.,272l—™— 10,75 | 0,87 | 0,91 0.92 |0.93 0.9% |0.95
0,53 10,14 | 0,77 | 0.87 | 0.91 0.94 | 0.93 0.94 ]0.95
0,80 0,26 | 0.79 | 0.87 | 0.91 0.93 |0.93 0.94 |0.95
1.07 f{o.40 | 0.80 | 0.88 | 0.90 | 0.93 |0.93 0.94 |0.96
1.33 lo.78 | 0.8s | 0.88 | 0.92 | 0.94 |0.93 | 0.94 |0.96
2.001l0.94 | 0,94 0,93 | 0.94 | 0.95 |0.94 | 0.95 ]0,96
0.97 | 0.96 | 0.96 | 0.96 |0.96 ] 0.96 |0.96
1.00 | 0.99 | 0,98 | 0.98 }0.9¢8 | 0.97 |0.97
1.00 {1.00 ] 0.99 | 0.99 |0.99 | 0.98 ]0.98
1,00 |1.00 | 1.00 | 1.00 [1.00 ] 0.98 |0.99
1,00 | 1.00 1,00 [ 1,00 1,00 ]0.99 [0.99
1,00 f1.00 ] 1.00 | 1,00 1.00 |1.00 }1.00




TABLE A-2. EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL B

"R )
> 46 ] 8101 121620

o<

L.?O 1.00 | 1.00 1,00 | 1.00 1,00 | 1.00 1.00 0.99
3,90} 1.00 | 1.00 1,00 [ 0.99 0.99 | 0.98 0.99 0.98
3,10} 1.00 | 1,00 1,00 | 0.99 0.98 | 0,98 0.98 0.98
2,70] 1.00 | 1,00 0.99 |0.98 0.97 | 0.97 0.97 0.97
2,30} 1.00 | 0.98 0.97 [0.96 0.96 | 0.96 0.96 0.97
1.90) 0.91 | 0.90 0.94 | O0.94 0.94 | 0.95 0.95 0.96

1.50] 0.55 | 0.84 0.89 |0.92 0.92 | 0.94 0.95 0.95
1.10] © 0.79 0.88 | 0.90 0.91 | 0.93 0.95 0.95
0.904 O 0.75 0.8 10,90 | 0,91 | 0,93 0,94 0,95
0.70] © 0.74 0.85 | 0.90 0.91 | 0.92 0.94 0.95
0.50f O 0.78 0.85 | 0.89 0.91 | 0.92 0.94 0.95
0.30f O 0.70 0.85 | 0.89 0.91 | 0.92 0.94 0.94
0.104 O 0.69 0.84 | 0.89 0.91 | 0.92 0.94 0.95
0,109 © 0.69 | 0.8, |0.89 | 0.91 | 0,92 0.94 0.95
0.30| © 0.70 0.85 [0.89 0.91 | 0.92 0.94 | 0.94
0.50|L © 0.78 0.85 |0.89 0.91 | 0.92 0.94 0.95
0.70| O 0.74 0.85 10,90 0.91 | 0.92 0.94 0.95
0,90 O 0,75 0.88 0,90 0,91 | 0,93 0,94 0,95
1.10f O 0.79 0.88 | 0.90 0.91 [ 0.93 0.95 0.95

1,504 0.55 | 0.84 0.89 |0.92 0,92 | 0.94 0.95 0.95
1.901 0,91 | 0.90 0.9, 10.94 | 0.94 | 0.95 0.95 0.96
2.30(1.,00 | 0,98 0.97 10.96 0.96 | 0.96 0.96 0.97
2,701 1,00 [ 1,00 0.92 10,98 0,97 10,97 297 0,97

21081,00 |1.00 1.00 10,99 0.98 | 0,98 0,98 0.98
3.90(1.00 |1.00 1.00 ]10.99 0.99 |0.98 0.99 0.98
L,70]1.00 |1.00 1.00 11.00 1.00 ] 1,00 1,00 0.99
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TABLE A-3.EXPERIMENTAL VELOCITY DISTRIBUTION

IN WAKE OF MODEL C

r/RJl X/D
2 4 6 8 10 12 16 | 20
7.67] 1.00 | 1.00 | 1.00 | 1,00 | 1.00 | 1.00 | 1.00 | 1.00
5.67| 1.00 | 1.00 | 1.00 | 1,00 | 1.00 | 1.00 | 12.00 | 1.00
4.67] 1.00 | 1.00 | 1.00 | 1,00 | 1.00 | 1,00 | 1.00 | 0.99
4.00) 1,00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.99 | 0.98
3.33) 1,00 | 1,00 | 1.00 | 1,00 | 0.99 | 0.98 | 0.95 | 0.97
2,67/ 1,00 | 0.98 | 0.99 | 0.98 | 0.97 | 0,97 | 0.96 | 0.96
2,00/l 1,00 | 0,95 | 0.95 | 0,95 | 0.95 | 0,95 | 0,95 | 0.96
1.330 041 | 0.82 | 0.88 | 0,91 | 0.92 | 0,96 | 0.94 | 0.95
1.071 0,14 | 0.77 0.87 | 0.90 0.92 | 0.93 0.94 | 0.95
v [L0-80 0.72 | 0.85 | 0.90 | 0.90 | 0.93 | 0.9% | 0.95
Vool 0.53 0.69 | 0.85 | 0.90 | 0.90 | 0.93 | 0.94 | 0.95
0.27 0.67 | 0.85 | 0.89 | 0.91 | 0.93 | 0.94 | 0.95
0 0.66 | 0.85 | 0.89 | 0.91 | 0.92 | 0.93 | 0.94
0.27 0.67 | 0.85 | 0.89 | 0.91 | 0.93 | 0.94 | 0.95
0.53 0.69 | 0.85 | 0,90 | 0.90 | 0.93 | 0.9% | 0.95
0.80 0.72 | 0.85 | 0.90 | 0.90 | 0.93 | 0.94 | 0.95
1.07] 0.14 | 0.77 | 0.87 | 0.90 | 0.92 | 0.93 | 0.9% | 0.95
.33 o1 |08 | o.88 | 0,91 | 0,92 | 0,94 | 0,96 | 0,95
2.00 1.00 | 0.95 0.95 | 0.95 0.95 | 0.95 0.95 0.96
2,67 1,00 | 0.98 | 0.99 [ 0.98 | 0.97 | 0.97 | 0.96 | 0.96
3.33) 1,00 | 1,00 | 1,00 | 1.00 | 0,99 | 0.98 | 0,95 | 0.97
4.00] 1.00 { 1.00 | 1,00 | 1.00 | 1.00 | 1.00 | 0.99 | 0.98
 4,67]21.00 | 1,00 | 1,00 | 1,00 | 1,00 [ 1.00 |31.00 | 0.99
62012.00 11.00 | 3,00 | 3.00 | 1.00 | 2,00 | 3.00 | 1.00
7.6711 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 3200 | 1.00 | 1.00
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TABLE A-4 EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL D
r‘/|:\> X/ D

='=t= —_—

2 4 6 | 8 |10 | 12 | 16 | 20

7.67{1.00 | 1.00 1,00 | 1.00 1.00 { 1.00 1.00 1,00
5.671 1.00 | 1.00 1.00 1.00' 1.00 | 1.00 1.00 i.OO
4.67]1.00 | 1.00 1.00 | 1.00 1.00 | 1.00 1.00 1.00
4.00( 1.00 | 0.99 1,00 | 1,00 1.00 { 1.00 0.99 0.99
3,33 1.00 | 0.99 0.99 | 1.00 0.99 | 0.99 0.98 0.98
12.67] 1.00 | 0.99 0.99 | 0.99 0.98 | 0.98 0.9¢8 0.98
2.00/ 1.00 | 0.96 0.96 | 0.96 0.96 | 0.96 0.96 0.96
1.33|[ 0.66 | 0.85 0.90 | 0.92 0.93 0.94 0.95 0.96
1,07 0.41 0.82 0.89 | 0.92 0.92 0.93 0.94 0.96
0.80( 0.17 | 0.79 0.88 | 0.90 0.92 0.93 0.94 0.96
0.531]10.17 0.77 0.87 | 0.90 0.92 0.93 0.94 0.96
0.27[ 0,14 | 0.75 0.86 | 0.90 0.92 | 0.93 0.93 0.96
0 0.14 | 0.75 0.86 | 0,90 0.92 | 0.93 0.93 0.96
0,27{ 0,14 | 0,75 0,86 | 0,90 0.92 | 0.93 0.93 0.96
0,5310,17 | 0,77 0,87 | 0,90 0.92 | 0.93 0.94 0.96

800,17 |0.79 0.88 | 0,90 0.92 | 0,93 0.9 0,96
1.07}] 0.41 0.82 0.89 | 0.92 0.92 0.93 0.94 0.96
1,33140,66 | 0,85 0,90 } 0,92 0.93 | 0.94 0.95 0.96

oojl1.00 | 0,96 0.96 | 0.96 0.96 | 0.96 0.96 0.96
2.,6711.00 | 0.99 0.99 | 0.98 0.98 | 0.98 0.98 0.98

£33]11.00 | 0,99 0.99 11.00 0.99 | 0.99 0.98 0.98

.00}11.00 | 0,99 1,00 | 1.00 1,00 | 1.00 0.99 0.99

LA7201.00 11,00 1.00 | 1.00 1.00 |1,00 1.00 1.00
5.,6711.00 |1.00 1.00 {1.00 1.00 | 1.00 1.00 1,00
7.67111.00 |1.00 1.00 [ 1,00 1,00 | 1.00 1.00 1.00
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TABLE A-5. EXPERIMENTAL VELOCITY DISTRIBUTION

IN WAKE OF MODEL E

7R XA
2 4 6 8 (10| 12 [16 | 20
7.67 (| 1.00| 1.00 | 1.00 |[1.00 | 1.00 | 1.00 | 1.00 | 1.00
5.67 | 1.00| 1.00 | 1.00 |1.00 | 1.00 | 1.00 | 1.00 | 1.00
.67 || 1.00| 1.00 | 1.00 |1.00 | 1.00 | 1.00 | 1.00 | 0.99
.00l 1.00| 1.00 | 1.00 |1.00 | 0.99 | 0.99 | 0.99 | 0.98
3.33 || 1.00] 1.00 | 1.00 |1.00 | 0.99 | 0.99 | 0.99 | 0.98
2.67 || 0.94| 0.99 | 0.99 | 0.98 | 0.98 | 0.98 | 0.97 | 0.97
2.00 || 0.94] 0.97 | 0.97 | 0.96 | 0.96 | 0.96 | 0.95 | 0.96
1.33 || 0.68| 0.87 | 0.90 |0.92 | 0.93 | 0.94 | 0.95 | 0.95
1.07 || o.40| o0.82 | 0.88 | 0.90 | 0.92 | 0.95 | 0.94 | 0.95
%; 0.80 || 0.17| 0.77 | 0.87 |0.90 | 0.92 | 0.94 | 0.95 | 0.95
® 0.53 || 0.00| 0.73 | 0.87 |0.90 | 0.92 | 0.95 | 0.95 | 0.95
0.27 || 0.00| 0.71 | 0.86 |0.90 | 0.92 | 0.94 | 0.95 | 0.95
0 0.00| 0.71 | 0.86 |0.90 | 0.91 | 0.93 | 0.94 | 0.95
0.27 || 0.00| 0.71 | 0.86 |0.90 | 0.92 | 0.94 | 0.95 | 0.95
0.53 || 0.00] 0.73 | 0.87 |0.90 | 0.92 | 0.94 | 0.95 | 0.95
0.80 || 0.17 ] 0.77 | 0.87 |0.90 | 0.92 | 0.ou | 0.95 | 0.95
1.07 || 0.40 | 0.82 | 0.88 |o0.90 | 0.92 | 0.95 | 0.94 | 0.95
1.33 || 0.68 | 0.87 | 0.90 |0.92 | 0.93 | 0.94 | 0.95 | 0.95
2,00 || 0.94 | 0.97 | 0.97 |0.96 | 0.96 | 0.96 | 0.96.| 0.96
2.67 || 0.94 | 0.99 [ 0.99 |o0.98 | 0.98 [0.98 |0.97 | 0.97
3.33 || 1.00 | 1.00 | 1.00 [1.00 | 0.99 | 0.99 | 0.98 | 0.98
4.00 || 1.00| 1.00 | 1,00 |2.00 | 0.99 |0.99 | 0.99 | 0.98
4.67 || 1.00 | 1.00 {21.00 j1.00 | 1.00 [1.00 [1.00 | 0.99
5.67 |l 1.00 | 1,00 | 1.00 |1.00 | 1.00 |1.00 |1.00 | 1.00
7.67 || 1.00 | 1.00 | 1.00 [1.00 | 1,00 |1.00 |1.00 | 1.00
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TABLE A-6. EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL F

"R b
2 4 6 8 10 | 12 16 | 20
7.67 || 1.00 | 1.00 [1.00 |1.00 [1.00 [1.00 [1.00 [ 1.00
5.67 || 1.00 | 1.00 |1.00 [1.00 |1.00 |1.00 |1.00 | 1.00
| 4.67 || 1.00 | 1.00 |1.00 [1.00 |1.00 |1.00 [1.00 [ 1.00
4.00 | 1.00 | 1,00 |1.00 [1.00 |1.00 |1.00 |1.00 | 1.00
3.33 || 1.00 | 1.00 |1.00 |1.00 | 0.99 |1.00 |0.99 | 0.99
2,67 {| 1.00 | 1.00 [1.00 {1.00 | 0.99 [0.99 [o0.98 | 0.98
2,00 || 1.00 | 0.99 |0.98 |0.97 |o0.97 |0.97 |0.97 | 0.97
1.33 | 0.92 | 0.93 |o0.94 [0.9% | o0.95 |0.95 |0.96 [ 0.96
1.07 || 0.73 | 0.87 |0.91 |0.93 |o.94 |o.94 |o0.96 | 0.96
Mlo.60 | 047 | 0.4 |0.90 |o.oz | 0.95 |o.96  |o0.96 | 0.96
\a 0.53 || 0,20 | 0.81 | 0,90 |0.92 |o0.93 |o.95 |0.96 | 0.96
0.27 fl 0.00 | 0.80 |o0.88 Jo.92 |0.93 |o.o. |0.95 | 0.96
o |l o.00 | 0.80 |0.88 |o.91 |o0.93 |0.95 |0.95 | 0.96
0.27 || 0.00 | 0.80 |0.88 |0.92 | o0.93 |o.94 |0.95 | 0.96
0.53 [ 0.20 | 0.81 [0.90 |0.92 |0.93 |o.94 [0.96 | 0.96
0.80 || 0.47 | 0.8, |0.90 |0.92 | o0.93 |o.95 [0.96 | 0.96
1,07 | 0.73 | 0.87 |o0.o1 [0.93 |o.94 [0.94 [0.96 | 0.96
1.33 | 0.92 | 0.91 [o.94 |o.94 |o.94 |o.94 |0.96 | 0.96
2,00 | 1,00 | 0,99 |0.98 0,97 lo0.97 |0.97 |0.97 | 0.97
2.67 |l 1.00 | 1,00 |1.00 |1.00 ]0.99 |0.99 [0.98 | 0.98
3,33 | 1.00 | 1,00 |1,00 1,00 0,99 l1.0 l0.99 | 0.99
4,00 [ 1.00 | 1.00 [1.00 [1.00 [1.00 [1.00 [1.00 | 1.00
4,.67 | 1.00 | 1.00 |1.00 |1.00 |1.00 |1.00 [1.00 | 1.00
5.67 | 1.00 [ 1.00 |1.00 [1.00 |1.00 {1.00 [1.00 | 1.00
7.67 | 1.00 | 1.00 [2.00 [1.00 [2.00 [1.00 [1.00 | 1.00
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TABLE A-7. EXPERIMENTAL VELOCITY DISTRIBUTION

IN WAKE OF MODEL G

r/R

*b

2 4 6 8 | 10 | 12 16 | 20

7.67 || 1.00 | 1.00 | 1,00° | 1.00 | 1.00 | 1.00 | 1.00 | 1,00
5.67 |l 1,00 | 1.0 [1.00 | 1,00 | 1.00 | 1,00 | 1.00 | 1.00
4.67 || 1.00 | 1,00 [1.00 | 1.00 | 1.00 | 1,00 | 1.00 | 1.00
4.00 | 2,00 1,00 {1.00 | 1.00 |1.00 | 1,00 | 1.00 | 1,00
3.33 1.00]1.00 1,00 | 1,00 }0.99 | 1.00 | 1,00 | 1,00
2.67 || 1.00 | 1,00 | 1,00 | 1.00 }| 0.98 | 1.00 | 0.99 | 0.99
2,00 || 1,00 | 1,00 | 0,98 | 0.99 | 0.95 | 0.98 | 0.98 | 0.98
1.33 | 0.93 | 0.95 [0.95 | 0.95 | 0.94 | 0.95 | 0.96 | 0.97
vV 1,07 ]l 0.82 | 0.90 | 0.93 0.94 ! 0.94 | 0.95 | 0.96 | 0.96
§Z; 0.80 | 0.68 | 0.88 | 0.90 0.93 | 0.93 0.95 0.95 | 0.96
0.53 || 0.50 | 0.82 | 0.88 | 0.92 [ 0.93 | 0.95 | 0.95 | 0.96
0.27 | 0.33 | 0.81 [0.88 [ 0.90 | 0.92 | 0.94 | 0.95 | 0.95
0 0.29 | 0.80 [0.87 | 0.90 | 0.93 | 0.93 | 0.94 | 0.95
0.27 |l 0.33 | 0.81 | 0.8 | 0.90 | 0.93 | 0.94 | 0.95 | 0.95
0.53 {| 0.50 | 0.82 | 0.88 | 0.92 | 0.94 | 0.95 | 0.95 | 0.96
0.80 || 0.68 | 0.88 | 0.90 | 0.93 | 0.94 | 0.95 | 0.95 | 0.96
1.07 ll0.82 | 0,90 [0.93 | 0.94 | 0.95 | 0.95 | 0.96 | 0.96
1,33 [l0.93 | 0,95 |0.95 | 0.95 | 0.98 | 0.95 | 0.96 | 0.97
200 1,00 | 1,00 { 0,98 0.99 | Q.99 0,98 0.98 | 0,98
2.67 || 1.00 | 1,00 {1.,00 | 1.00 |1.00 [ 1.00 | 0.99 | 0.99
.33 |l1,00 1,00 {2,00 | 1,00 |1.00 | 1,00 | 1.00 | 1,00
.00 ll1.,0011,00 2,00 | 1,00 {1,00 | 2,00 | 1,00 | 1,00
.67 || 1.00 | 1.00 1,00 [ 1.00 J1.00 [ 1.00 | 1.00 | 1,00
.67 || 1,00 { 1,00 {1.00 | 1.00 |1.,00 | 1,00 | 1,00 | 1,00
7.67 || 1,00 | 1.00 |1.,00 | 1.00 [1.,00 | 1,00 | 1,00 | 1.00
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TABLE A-8.EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL H

R " b

2 4 6 8 |10 ] 12 |16 | 20

7.67 1 1.00| 1.00 | 1.00 1.00 | 1.00 1.00 1,00 | 1.00
5.67 | 1.00 | 1,00 | 1.00 1.00 | 1.00 1,00 1,00 | 1.00
L,67 | 1.00 | 1.00 ; 1.00 1.00 | 1.00 1.00 0.99 | 0.99
4,00 0,99 | 1,00 | 0.99 0.99 | 0.99 0.99 0.99 | 0.98
3,33 ) 0,99 | 0.99 | 0.99 0.99 | 0.99 0.99 0,99 | 0.98
2,67 || 0,99 0.99 | 0.99 0.99 | 0.99 0.98 0.98 | 0.98
2,00 || 0,99 0.99 | 0.99 0.99 | 0.98 0.98 0,98 | 0.97
1,33 || 0,98 [ 0,98 | 0,98 0.97 | 0.97 0.97 0.98 | 0.97

1.07 It 0,97 [ 0.97 | 0.97 0.96 [ 0,96 0.96 0,97 | 0,96
0.80 || 0,96 | 0.95 | 0.95 0.95 | 0.95 0.96 0.96 | 0.96

0.53 | 0.89 | 0.92 | 0.93 0.95 | 0.9%4 0.94 0.95 | 0.95
0.27 || 0.79 [ 0.90 | 0.91 0.92 | 0.93 0.94 0.95 1| 0.95
0 0.74 | 0.88 | 0.90 0.93 | 0.93 0.94 0.951 0.95
0.27 i 0.79 | 0.90 | 0.91 0.92 | 0.93 0.94 0.95 | 0.95
0.53 || 0.89 | 0.92 | 0.93 0.95 | 0.94 0.94 0.95 [ 0.95
0.80 || 0.96 | 0.95 | 0.95 0.95 | 0.95 0.96 0.96 | 0.96
1,07 )| 0,97 | 0.97 | 0,97 0.96 | 0,96 0.96 0,97 | 0.96

1,331 0,91 | 0,98 [ 0,98 0,97 | 0,97 0.97 0.98 | 0.97
2,00 || 0.99 | 0.99 | 0.99 0.99 | 0.98 0.98 0.98 | 0.97

2,67 || 0.99 | 0.99 | 0.99 0.99 | 0.99 0.98 0.98 | 0.98
3,331 0,99 ] 0,99 | 0.99 0.99 | 0.99 0.99 0.99 | 0.98
4,00 ) 0,99} 1.00 | 0.99 0.99 | 0.99 0.99 0.99 | 0.98

.00} 1.00 | 1.00 1.00 | 1.00 1,00 | 0,991 0.99
5.67 || 1.00| 1.00 | 1.00 1.00 | 1,00 1.00 1.00 | 1.00

7,67 | 1.00{ 1,00 | 1.00 1.00 | 1.00 1.00 1,00 | 1,00
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TABLE A-9. EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL 1

4 6 | 8 110 ] 12 {16 | 20

1.00 1,00 | 1.00 1,00 | 1.00 1.00 |1.00
1.00 1,00 ] 1,00 1,00 | 1.00- ] 1.00 | 1,00

&<

1..00 1,00 ] 1,00 1,00 | 1,00 1,00 11.00
1,00 1.00 } 1.00 1.00 | 1.00 1.0 | 1,00
1,00 1.00 | 1.00 1.00 | 1.00 1.00 11,00
1.00 1.00 | 1,00 1,00 | 1.00 1.00 |1.00
1.00 1.00 } 1,00 1,00 | 1.00 1,00 ]1.00




TABLE A-10.EXPERIMENTAL VELOCITY DISTRIBUTION

IN WAKE OF MODEL J

Ry b
2 4 6 8 10 | 12 | 16 20
7.67 [f1.00 [1.00 [1.00 | 1.00 |1.00 1.00 | 1.00 | 1.00
5,67 (1,00 | 1.00 [1.00 | 1.00 [1,00 | 1.00 | 1.00 {1.00
.67 fl1.00 | 1.00 {1.00 | 1.00 {1.00 | 1.00 | 1.00 | 1.00
4,00 (1,00 |1.00 1,00 |1,00 |1.c0 | 1,00 | 1,00 |1.00
3.33 /1,00 /21,00 |31,00 |31,00 f2,0¢ | 1,00 | 1,00 |1.00
2.67 ||1.00 [ 1.00 |1.,00 | 1.00 [1.,00 | 1.00 | 1.00 | 0.99
2,00 || 1,00 [1.00 {1.00 | 1.00 |1.00 | 1.00 | 0.99 | 0.98
1.33 [[0.99 | 1.00 [0.97 | 0.97 [0.97 | 0.97 | 0.96 | 0.96
1.07 || 0.99 | 0.99 |0.94 | 0.95 |0.95 0.95 | 0.95 | 0.95
%; 0.80 || 0.98 [ 0.95 |0.90 | 0.93 !0.93 0.93 0.95 | 0.96
o0.53 || 0.8, | 0.86 |0.90 | 0.90 |0.91 | 0.91 | 0.94 | 0.95
0.27 lo.71 | 0.79 {0.89 | 0.86 |0.90 | 0.90 | 0.93 | 0.95
0 0.66 | 0.75 |0.88 | 0.85 |0.89 | 0.90 | 0.92 = ).94
0.27 {lo.71 | 0.79 {0.89 | 0.86 |0.90 | 0.90 | 0.93 | 0.95
0.53 |[jo.84 [ 0.86 [0.90 | 0.90 |0.91 | 0.91 | 0.94 | 0.95
0.80 | 0.98 | 0.95 [0.90 0.93 |0.93 0.93 0.95 | 0.96
1,07 [[0.99 [ 0.99 [0.94 | 0.95 |0.95 0.95 | 0.95 | 0.95
1,33 110,99 [ 1.00 |0.97 | 0.97 |0.97 | 0.97 | 0.96 | 0.96
2,00 1,00 1,00 11.00 1.00 }11.00 1.00 0,99 | 0,98
2.67 |f1.00 |1.,00 |1.00 |1.00 [1.00 | 1.00 | 1.00 | 0.99
3.33 ||1.00 | 1.00 |1.00 | 1.00 |1.00 | 1,00 | 1.00 | 1.00
4.00: Jl.i.00 | 2,00 |1.00 |1,00 [1.00 | 1,00 | 1.00 | 1.00
.67 11,00 {1.,00 |1.00 |1,00 [1.00 | 1,00 | 1,00 11.00
1.00 {1,00 1,00 | 1.00 |1.00 | 1.00 | 1.00 | 1.00
1.00 | 1.00 J1.00 | 1.00 |1 00 | 1,00 | 1,00 | 1.00
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TABLE A-11. EXPERIMENTAL VELOCITY DISTRIBUTION
IN WAKE OF MODEL K

R 5
2 4 6 8 | 10 | 12 16 | 18
2.67) 1.00| 1.00 | 1.00 |1.00 | 1.0 |1.00 |1.00 | 1.00
5.67 || 1.00| 1.00 | 1,00 |1.00 | 1.00 |1.00 |1.00 | 1.00
.67 | 1.00| 1.00 | 1.00 |1.00 | 1.00 |1.00 |1.00 | 1.00
4.00 | 1.00| 1.00 | 1.00 |1.00 | 1.00 |1.00 |1.00 | 1.00
3.33 | 1.00| 1.00 | 1.00 |[1.00 | 1.00 |1.00 |1.00 | 1.00
2.67 || 1.00| 1.00 | 2.00 |1.00 | 1.00 |1.00 {1.00 | 1.00
2,00 | 0.99| 1.00 | 1.00 |2.00 | 0.99 |1.00 |o0.99 | 0.99
1.33 || 0.99| 0.99 | 0.99 |0.98 | 0.98 | 0.97 |o0.96 | 0.97
1.07 || 0.99| 0.99 | 0,97 |0.95 | 0.96 | 0.95 |o0.95 | 0.95
%% 0.80 | 0.98 | 0.96 | 0.93 |0.92 | €.93 [0.93 |o0.54 | 0.9
“ 0.53 || 0.87 | 0.85 | 0.88 |0.91 | 0.90 | 0.92 [o0.93 | 0.9
0.27 || 0.72 | 0.76 | 0.83 |o0.86 | 0.86 [ 0.90 |0.93 | 0.93
o | o.64| 0.70 | 0.83 |0.86 | 0.85 |0.88 |[0.92 | 0.92
0.27 | 0.72 | 0.76 | 0.83 |0.86 | 0.86 [0.90 [0.93 | 0.93
0.53 || 0.87 | 0.85 | 0.88 |[0.91 | 0.90 |0.92 |0.93 | 0.94
0.80 || 0,98 | 0.96 | 0.93 |0.92 | 0.93 |0.93 |0.9% | 0.9
1.07 [|.0.99 | 0.99 | 0.97 |0.95 | 0.96 | 0.95 |0.95 | 0.95
1.33 | 0.99 | 0.99 | 0.99 |0.98 | 0.98 [0.97 |o0.96 | 0.97
2.00 || 0.99 | 1.00 | 1.00 |1.00 | 0.99 |1.00 |o0.99 | 0.99
2.67 | 1.00| 1.00 |1.00 [1.00 |1.00 |1.00 |[1.00 | 1.00
3.33 || 1.00} 1,00 |1.00 [1.00 |1.00 |1.00 [1.00 | 1.00
4.00 || 1,00 1.00 |1.00 }1.00 |1.00 |21.00 |1.00 | 1.00
| 467l 2,00 1,00 | 1,00 [2,00 |1,00 1,00 |1.00 | 1.00
s 67 1| 1.00 | 1,00 1,00 |1.00 |1.00 [1.00 |1.00 | 1.00
7.67 || 1.00 | 1.00 |1.00 |1.00 |1.00 [1.00 |1.00 | 1.00
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TABLE A-12.EXPERIMENTAL VELOCITY DISTRIBUTION

IN WAKE OF MODEL L

R [ 5
L~

2| 4 6|18 |10 12 |16 |20
7.67 || 1.00] 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
5.67 || 1.00| 1.00 [ 1.00 |1.00 | 2.00 | 1.00 | 1.00 | 1.00
4.67 || 1.00| 1.00 | 1.00 |1.00 [ 1.00 | 1.00 | 1.00 | 1.00
4.00 || 1.00{ 1.00 | 1.00 [1.00 | .00 | 1..0 | 1.00 | 1.00
3.33 || 2.00] 1.00 | 1.00 |1.00 | 1.00 | 1.00 | 1.00 | 1.00
2.67 || 1.00| 1.00 | 1.00 |1.00 | 1.00 | 1.00 | 12.00 | 1.00
2.00 || 1.00| 1.00 | 1.00 |1.00 | 1.00 | 0.99 | 0.99 | 0.99
1.33 || 0.99| 0.99 | 0.98 | 0.97 | 0.98 | 0.98 | 0.95 | 0.96
1.07 || 0.99! 0.99 | 0.95 | 0.94 | 0.96 | 0.95 | 0.9% | 0.95
%; 0.80 || 0.97| 0.96 | 0.90 |0.91 | 0.93 | 0.93 | 0.9, | 0.95
“ 0.53 || 0.88| 0.90 | 0.90 | 0.89 | 0.90 | 0.91 | 0.94 | 0.9
0.27 || 0.72| 0.77 | 0.87 | 0.88 | 0.86 | 0.90 | 0.93 | 0.93
o || 0.66| 0.7 | 0.88 | 0.89 | 0.83 | 0.90 | 0.93 | 0.93
0.27 || 0,72 0,77 | 0.87 |o.8¢ | 0.86 | 0.90 | 0.93 | 0.93
0.53 || 0.88 | 0.90 | 0.90 |0.89 | 0.90 | 0.91 | 0.9% | 0.94
0.80 || 0.97 | 0.96 | 0.90 {0.91 | 0.93 | 0.93 |0.9% | 0.95
1.07 0.99 0.99 0.95 0.94 0.96 0.95 0.94 0.95
1.33 | 0.99| 0.99 | 0.98 |0.97 | 0.98 | 0.98 | o0.95 | 0.96
2,00l 1.00] 1.00 | 1.00 |1.00 | 1.00 | 0.99 | 0.99 | 0.99
2.67 || 1.00| 1.00 | 1.00 |1.00 | 1.00 | 1.00 |1.00 | 1.00
3.33 | 2.00] 1.00 | 1.00 |1.00 | 1.00 | 1.00 |1.00 | 1.00
4,00l 1,00 1,00 | 1,00 |1,00 | 1,00 |1.00 [31.00 | 1.00
4.67 || 2.00| 1.00 | 1.00 |1.00 | 1.00 |1.00 |[1.00 | 1.00
5.67 || 1.00| 1.00 | 1.00 |1.00 | 1.00 |1.00 |1.00 | 1.00
7.67 | 1.00 | 1.00 | 1.00 |1.00 | 1.00 | 1.00 [1.00 | 1.00
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FIG A14. EXPERIMENTAL WAKE WIDTH OF MODEL B
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FIG A18 EXPERIMENTAL WAKE WIDTH OF MODEL F
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FIG A21.EXPERIMENTAL WAKE WIDTH OF MODEL 1
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FIG A22. EXPERIMENTAL WAKE WIDTH OF MODEL J
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FIG A24. EXPERIMENTAL WAKE WIDTH OF MODEL L
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