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NOTATION

CONVENTIONAL SYMBOL APPEARING
• SYMBOL ON PLOTS DEFINITION

AN COS COEF The cosine coefficient of the
harmonic*

EN SIN COEF The sine coefficient of the N~~harmonic*

D —— Propeller diameter

Apparent advance coefficient
3a — (dimensionless)

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 AC tI IRl m odel or sht p velnei’y

Vb (x,e) —— Resultant inflow velocity to blade
for a given point

Vb(X) ——— Mean resultant inflow velocity to
blade for a given radius

Vr(X,e) VR Radial component of the fluid velocity
for a given point (positive toward the
shaft centerline)

~~~ 
— Mean radial velocity component for

a given radius

V (x,O)/V YR/V Radial velocity component ratio for ar - given point

• 1
r~~~~ 

/V VRRAR Mean radial velocity component ratio
for a given radius

• V~(x ,e) VT Tangential component of the fluid
velocity for a given point (positive
in a counterclockwise direction looking
forward)

5
See footnote on the following page
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V
~
(x) —— Mean tan gential velocity component

for a given radiu s

v~(z e) /V VT/V Tangential velocity component
ratio for a given point

Cx) /V VTBAR - Mean tangential velocity component
ratio for a given radius

AMPLITUDE Amplitude (RN for single screw
symmetric ; CM otherwise) of Nth

• harmonic of the tangential
velociEy component ratio for a given
radius

V~(x,O) YR Longitudinal (normal to the plane of
survey) component of the fluid velocity
for a given point (positive in the

. 
astern direction)

x~~~~ 
—— Mean longitudinal velocity componen t

for a given radius

Vx(Xe~
)/V VX/V Longitudinal . 

- - @ity component ratio
for a given point

V (x) JV VXBAR Mean longitudinal velocity component
ratio for a given radius

(~
‘ (x)/V)~ AMPLITUDE Ampli tude (A.~f or single screw symmetr ic;
x CM otherwise) of Nth harmonic of the

longitudinal velocity component ratio
for a given radius*

PHASE ANGLE Phase Angle of Nth hartnonic*

harmonic amplitudes of any circumferential velocity distribut ion f(O)
are the coefficients of the Fourier Series:

f(s) — A0 + ~~~AN cos(NO) + ERN sin(Ne)
• •~ 

sal

- 
- A0 + EC~~

sin(NO +#N)
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l—v(x) 1 — WX Volumetric mean velocity ratio
from the hub to a given radius

- - r/R

2 I~”x (x)/V) . x • dx
l—w(r/R) — J C

rh b /R

— 

(r/R) 2 
— (rh b /R) Z 

— 

—

~rv~ (x O) 1
- where V Cx) /V — I C I dO

X L2 1fV J

and (V (x O)/V) — (V (x O)/V)
• xc x

— (V
~
(x,O)/V) tan (~(x,O))

l-v(x) 1—WYX Volumetric mean velocity ratio from
the hub to a given rad ius (without the
tangential velocity correction) - 

-

r/R

2 .~
/

~V (x) fV) • x • dx

rbub/R

l—w(r/R) — _________________

(r/R)2 — (rhUb/R)
2

~ (x,O) — Advance angle in degrees for a given 
-

point

~(x) BEAR Mean advance angle in degrees
for a given radius
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INTRODUCTION

The Naval Ship Engineering Center (NAVSEC) initiated 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 repo rt 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 Pi~ESENTAT ION OF DATA

DTNSRDC Model 5352, representi ng a conventional hull for. of

CSGN design, was constructed to a linear ratio of 24 in accordance with

NAVSEC’s model plans.1’2 The model was fitted with appendages except for

the rudders. The velocity survey was conducted at the design draft of 22.15

feet (6.751 rn) even keel in the static condition, at a displacement of

• 17,050 tons (17320 tonne) full scale, and at a velocity representing a

ship speed of 30 knots (15.432 rn/a) .

A pitot tube rake, DTNSRDC 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 5—hole

‘—~~~~~ —•—•— — —• -~ ---~~—~~- -••• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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spherical pitot tubes mounted in a housing. Figure 1 shows 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 in) in diameter .

The radii at which the measurements were made were expressed as ratios of the

propeller radius (r /R), and ware 0.338, 0.524, 0.729, 0.933 and 1.109 as

shown in Figure 3. The propeller plan e in which the velocity measure ments

were takes was 2 feet (0.61 in) forward of station 19. To ensure the proper

trim throughout the experiments , the model was towed at the correspond ing

design displac ement of 17,050 tons (17320 tonne) and a ship speed of 30 knots

(15.432 mIs) with the rake in the zero—degree position. The model was then

locked and tested at this trimeed 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 (VXEAR) , tangential

(VTBAR) , and radial (VRBAR) component ratios of the velocity—vectors and

volumetric mean wake velocity ratio (l_v
~

) are presented in Table 1. These

quantities, except the radial component (VRB AR) 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,

J5,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

2
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Tables 2 through 5 present the harmonic analyses of the cir—

cumferential distribu tioms of the longitudinal and tangential velocity -

component ratios at the experimental and interpolated radii. The amplitudes

and phas. angles of the ten har monics of the longitudinal and tangential

velocities are plotted graphically in Figure . 11 through 30.

DISCUSSION

Data from this experiment has been compared with data from a typical

twin—screw destroyer. The omparison showed that the results reported

herein for the CSGN are reasonable , and in addition that the average effective

wake factor ( (1_VT) + (l—WQ) — 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 .

I

3
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- .  Figure 2 — Stern Views of the Pitot Tube Rake at the Propeller Disk
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DTNSRDC ISSUES THR EE TYPES OF R EPORTS

(1) DTNSRDC REPORTS. A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNI CAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES. RECORDING INFORMA-
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMIT ED INT EREST OR —

• SIGNIFICANC E. CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFIcATION.

(3) TECHNiCAL MEMORANDA. AN INF ORMAL SERI ES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.
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