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Vt(x,O)

* .
See footnote on the following page

NOTATION 1
CONVENTIONAL SYMBOL APPEARING A
SYMBOL ON PLOTS DEFINITION i
AN COS COEF The cosine coefficient of the NEE 3
harmonic* |
'BN SIN COEF The sine coefficient of the Nsh ‘
harmonic
D — Propeller diameter
Ja — Apparent advance coefficient 4
v -
Ja oD (dimensionless) E
: 1
N N Harmonic number .
n == Propeller revolutions
r/R or x RADIUS or RAD, Distance (r) from the propeller axis
expressed as a ratio of the propeller %
radius (R)
v v Actnal model or ship velocity
v, (x,8) -— Resultant inflow velocity to blade ,
for a given point ;
V;(x) — Mean resultant inflow velocity to
blade for a given radius
Vr(x.O) VR Radial component of the fluid velocity
for a given point (positive toward the
shaft centerline)
Vt(x) — Mean radial velocity component for
a given radius
' Vr(x,O)/V VR/V Radial velocity component ratio for a
3 given point i
V;(x)lv VRBAR Mean radial velocity component ratio
for a given radius i 4

Tangential component of the fluid
velocity for a given point (positive

in a counterclockwise direction looking
forward)




v, (x)
vt (x,0)/V

V: (x)/V

TASTA.

Vx(x.e)

v, (x)
V;(x,O)/V

V;(x)lv

v, (x) /V)N

P

" NOTATION (Continued)

AMPLITUDE

VX/v

VXBAR

AMPLITUDE

PHASE ANGLE

Mean tangential velocity component
for a given radius

Tangential velocity component
ratio for a given point

Mean tangential velocity component
ratio for a given radius

Anmplitude (B, for single screw
symmetric; C . otherwise) of Nth
harmonic of the tangential
velocity component ratio for a given
radius

Longitudinal (normal to the plane of
survey) component of the fluid velocity
for a given point (positive in the
astern direction)

Mean longitudinal velocity component
for a given radius

Longitudinal «  «<ity component ratio
for a givea point

Mean longitudinal velocity component
ratio for a given radius

Amplitude (A for single screw symmetric;
CN otherwise) of Nth harmonic of the
longitudinal velocity component ratio
for a given radius*

Phase Angle of Nth harmonic*

*
The harmonic amplitudes of any circumferential velocity distribution £(8)
are the coefficients of the Fourier Series:

£@) = A+ 3T A, cos(W) + 3By sin(NO)
Nz|

Nz}

L]
- A+ gc“ sin(NO +¢“)




T

1-w(x)

1-w(x)

B(xoe)

B(x)

l1-WX

NOTATION (Continued)

Volumetric mean velocity ratio

from the hub to a given radius

1-w(r/R) =

where ch(x) IV = j 0

and

&

r/R

2> (Vx x)/V) .
Cc

Thub/R

e/®? - (/02

Vx (x,0)

2wV

(v, x,0)/V) = (v, (x,0)/V)

c

L7 (Vt(x.e)/V) tan (P(xyo))

1-wvX Volumetric mean velocity ratio from
the hub to a given radius (without the
tangential velocity correction)

1-w(z/R) =

r/R
2 . (Vx(x)m . x . dx

rlmbIR

(tIR)2 - (lrh“bll!)2

L

— ' Advance angle in degrees for a given

point

BBAR Mean advance angle in degrees
for a given radius
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g ' NOTATIOX (Con: {nucd)
+AB BPOS Variation of the naximun #dvance
angle from the mcan for a given
radius
-AB ; ' BNEC Variation of the ninimum advance
4 angle from the mcan for a given
. radius
8 . ARGLE IN DEGREES Position angle (angular coordirate)
in degrees

Plone of ‘
Propeller
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ENGLISH/SI EQUIVALENTS

ENGLISH SI
E 1 inch 25.400 millimetres [0.0254 m (metres]
t 1 foot 0.3048 m (metres)
1 1 foot per second 0.3048 m/sec (metres per second)
1 1 knot 0.5144 m/sec (metres per second)
1 pound (force) 4.4480 N (Newtons)
1 degree (angle) 0.01745 rad (radians)
1 horsepower 0.7457 kW (kilowatts)
1 long ton 1.016 tonnes, 1.016 metric tons, or 1016
{
(
l
' 4

R T R R

kilograms

T T T
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INTRODUCTION

The Naval Ship Engineering Center (NAVSEC) initisted a model exper-
imental program at the David W. Taylor Naval Ship Research and Development
Center (DTNSRDC) to aid in the evaluation of a proposed design of the Nuclear
Guided Missile Strike Cruiser (CSGN). This report presents the results of
the wake survey experiment performed in the plane of the propeller disk. The
harmonic analyses of the circumferential distribution of the longitudinal
and tangential velocities are also presented. Separate reports associated

with this experimental program have been issued .

EXPERIMENTAL PROCEDURE AND PRESENTATION OF DATA
DINSRDC Model 5352, representing a conventional hull form of
CSGN design, was constructed to a linear ratio of 24 in accordance with

1,2 The model was fitted with appendages except for

NAVSEC's model plans.
the rudders. The velocity survey was conducted at the design draft of 22.15
feet (6.751 m), even keel in the static condition, at a displacement of
17,050 tons (17320 tomne) full scale, and at a velocity representing a
ship speed of 30 knots (15.432 m/s).

A pitot tube rake, DINSRDC No. 7, and four differential pressure

gages were used to measure the velocities in the plane of the propeller disk

at five radial locations. The pitot tube rake consisted of five S5-hole

Bk oo alie Subtiae el . L Al aee b Ll o




spherical pitot tubes mounted in a housing. Figure 1 shews this arrangement
and Figure 2 shows the pitot tube rake, mounted in the port shaft of the model.
The full scale propeller disk was 18 feet (5.488 m) in diameter.
The radii at which the measurements were made were expressed as ratios of the
propeller radius (r/R), and were 0.338, 0.524, 0.729, 0.933 and 1.109 as
shown in Figure 3. The propeller plane in which the velocity measurements
vere taken was 2 feet (0.61 m) forward of station 19. To ensure the proper
trim throughout the experiments, the model was towed at the corresponding
design displacement of 17,050 tons (17320 tonne) and a ship speed of 30 knots
(15.432 m/s) with the rake in the zero-degree position. The model was then
locked and tested at this trimmed condition throughout the experiment.
Circumferential distribution of the longitudinal, tangential, and
radial velocity component ratios are shown in graphical form for each tube
radius in Figures 4 through 8. The mean longitudinal (VXBAR), tangential
(VIBAR), and radial (VRBAR) component ratios of the velocity-vectors and
volumetric mean wake velocity ratio (l-wx) are presented in Table 1. These
quantities, except the radial component (VRBAR) are shown graphically in
Figure 9.

The calculated mean values of the advance angle (BBAR), and the

maximum variations thereof, (BPOS) and (BNEG), are given in Figure 10 and

Table 1. The advance angles were calculated using an advance coefficient,

Ja,of 1.051. A diagram showing the relationship between the longitudinal

and tangential velocity vectors, the advance coefficients and the advance

angles is described on page ix .
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Tables 2 through 5 present the harmonic analyses of the cir-
cumferential distributions of the longitudinal and tangential velocity
component ratios at the experimental and interpolated radii. The amplitudes
and phase angles of the ten harmonics of the lomgitudinal and tangential
velocities are plotted graphically in Figures 11 through 30.

DISCUSSION
Data from this experiment has been compared with data from a typical
twin-screw destroyer. The comparison showed that the results reported
herein for the CSGN are reasonable, and in addition that the average effective

(1-"!) + (l-vQ) )

wake factor ( 0.949) from the propulsion experiment

2
is consistent with the volumetric mean wake velocity (l—wx = 0,936 at
1.0 propeller radius) from this wake experiment. Therefore, this

experiment is considered valid.
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Figure 1 -~ Rake Arrangement Showing Spherical Head Pitot Tubes
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Figure 2 - Stern Views of the Pitot Tube Rake at the Propeller Disk

Position on Model 5352 Representing the Conventional Hull
Form CSGN
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Figure 10 - Radial Distribution of the Mean Advance Angle and Other Derived Quantities
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