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effort directed at achieving improved sea and sir vehicles, It was formed in March 1967 by
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NOTATION

0.7 Blade-section length at 0.7 radius [ft]

D Propellar diameter [ft]
é J Advance coefficient, J = VA/ND
{ Kp Nondimensional pressure coefficient, Kp = p/pN202
; K Nondimensional blade-frequency pressure coefficient,
'i "z K= p,/oh0°
3 pz z
%' K T ficient, K, = Q/oD°
f Q orque coefficient, N Q/ ol
3 ke Thrust coefficient, kr = T/p’0"
] N Propeller revolutions per unit time
: p Pressure [lb/ftz]
% P, Ambient static pressure [1b/ft2]
: P, Ambient vapor pressure [1b/ft2]
b
3 -
y 0 Torque [ft-1b]
; v + (0.7710)?
1 Rn Reynolds number at 0.7R, RN = €7 S
s T Propeller thrust [1b]

] Ship speed [knots]

VA Spceed of advance of propeller, positive forward,

Vy = (1 - w)V [ft/sec]
W Taylor wake fraction, based on thrust identity,
w= (V- VA)/V
n Efficiency n = TV/2aQn
o Mass density of water [1b - secz/ft4]
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ABSTRACT

Cavitation performance of two propellers at different
hull clearance-to-diameter ratios in a tunnel hull model are
presented, as well as the propeller-induced pressures measured
in the tunnel wall. Cavitation performance of the two pro-
pellers in uniform flow is also included. The propellers
operating in the tunnel hull were found to be more efficient
than in uniform flow. Predominate features of the induced
pressure measurements were the blade-frequency harmonics.
There was no evidence of flow separation on the tunnel hull
model at simulated ship speeds of 45 knots.

INTRODUCTION

Hull tunnels have been proposed as a means c¢f decreasing the
navigational depth of small high-performance craft. Modei experiments]
have shown that a decrease in navigational depth requirements can be
accomplished without loss of speed-power performance of the craft.

The high propeller shaft angles required on many small high-
performance craft (12 degrees or more) have been found to be a major
cause of propeller root erosion.2 The use of tunnel hull construction
permits a reduction in the propeller shaft angle (5 degrees in Reference 1).

The Naval Ship Research and Development Center (NSRDC) was requested
by the Naval Ship Engineering Center, Horfolk Division to determine the
cavitation performance of a propeller operating in a deep tunnel hull.

]Harbaugh, K. H. and D. L. Blount, "An Experimental Study of a High
Performance Tunnel Hull Craft," presented berore the Society of Naval

Architects and Marine Engineers, Lake Buena Vista, Florida (Apr 1973)

2Peck, J. G. and D. H. Moore, "Inclined-Shaft Propeller Perfoimance
Characteristics," NSRDC Peport 4127 (Apr 1974)
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It was anticipated that a cavitating propeller in the close vicinity of
the tunnel walls might induce relatively large pressure-fluctuations on
the wall. In order to provide design information on the required plate-
thickness in the vicinity of tunnel-hull propellers, pressures in the

wall of the tunnel hull were also measurad. The cavitation performance
of the tunnel was determined through visual observation and photography.

A drawing of the tunnel hull and photographs of the propellers
used in these experiments are shown in Figure 1. Geometry of the
propellers and the scope ¢f the experimental program are given in
Tables 1 and 2, respectively.

DESCRIPTION OF FACILITIES AND EXPERIMENTAL PROCEDURE

Propeller open-water characteristics were obtained in the Center's
deep water towing basin. Cavitation characteristics of the propellers
were obtained in the 24-inch variable-pressure water tunnel. Tunnel
water velocities for each propeller, in uniform flow and in the model
tunnel hull, were established by setting the thrust values in the water
tunnel equal to the thrust values obtained from the open water character-
istics tests at the same advance coefficient. The water velocity at the
propeller was 20 fps and tunnel pressures were used to cover a range of
cavitation numbers at the propeller of 0.5 to 7.5.

The model hull tunnel was mounted in a flat plate attached to the
floor of the water tunnel. Three pressure transducers were mounted in
the wall of the hull tunnel as shown in Figure 1. The center pressure
transducer was mounted in the plane of the propeller disk. Tha forward
transducer was 1.25 inches from the propeller plane and the after
transducer was 1.50 inches from the propeller plane. The pressure at
each transducer was recorded on magnetic tape and digitized and analyzed
by an Analog-Digital Converter and an Interdata Corporation Model 4
Minicomputer.
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REDUCTION AND ANALYSIS OF THE EXPERIMENTAL RESULTS
PROPELLER CHARACTERISTICS DATA

The open-water characteristics of the propellers vere reduced to
the usual nondimensional coefficients of thrust and torque. Characteris-
tics curves of these propellers are presented in Figures 2 and 3.
(Reynolds number for the open water characterizations ranged from
2.3 X 10° to 5.6 X 10°.)

The thrust and torque data from the cavitation experiments were
reduced to nondimensional coefficients KT and Kq. Efficiencies,
KT/JZ, and KQ/J3 were calculated from faired values of KT and Kq. AN
force coefficients are given in Tables 3 through 6. The speed coefficients
and cavitation numbers are always measured at the propeller in order to
facilitate comparison of in-hull and uniform flow propeller performance.
The cavitation numbers cover a range of ship speeds from 11.8 to 40.3
knots.

The cavitation performance of the two propellers is presented in
Figures 4 through 7. These curves represent the faired data contained
in Tables 3 through 6. The results presented seem compatible, except
for one set of data for Propeller 4175. Operating in the tunnel hull
(Figure 5) at a cavitation number of 1.937, the torque of Propeller 4175
was higher than expected, resulting in an efficiency lower than would
seem reasonable. The reduced data are also shown in Figures 8 through
11 as propeller efficiency versus KT/J2 for each propeller. These
curves will enable the user to estimate propeller performance for
varying conditions of thrust and cavitation index.

B v 0 AT Lt NI ST TG b S a e 4t 3 ¢ 8103 (L chanl 32 a e i e e 52 S en Sl Mg D4 SEER O ST -0 Sriutt Sl MR D S R 2 b} XTI TikT MR R SRSTAT AT, T AT S
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HULL-PRESSURE DATA

The pressure measured at each transducer was recorded for at least
200 propeller revolutions, digitized, and averaged. The average wave
form data representing the hull-pressure variation over a propeller
revolution was then entered into a Fourier analysis program. Typical
rotational variation of pressure amplitudes for each propeller at
KT/J2 = 0.2 and cavitation number of 3.4 are shown in Figures 12 and 13.
The zero degree reference for propeller rotation was with the blade
centerline 90 degrees past the pressure transducers in the direction of
rotation. Both figures show the predominance of the blade frequency
harmonic. It appears from the data that the minimum pressure occurs

at the transducers just as the trailing edge of a propeller blade passes
the transducers.

The measured blade-frequency pressure amplitudes for each propeller
are presented in Figures 14 and 15. Both figures show the effect of
cavitation number on measured pressure in the plane of the propelier.
Pressures measured forward and aft of the propeller did not show any
trends attributable to cavitation number. As can be seen, the blade

frequency pressure amplitude in the plane of the propeller can be quite
large.

Figure 16 shows the effect of hull clearance on the measured blade-
frequency pressure amplitude for the two hull clearances used in these
experiments, at various propeller loadings. The slopes of the curves
indicate taat there may be some common minimum pressure amplitude indepen-
dent of loading (KT/JZ), at a hull clearance to diameter ratio beyond
the range of the experiments (about hull clearance/diameter ratio of 0.2).
This possibility may be worth further exploration.
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Sketches of cavitation prasent on the propellers are presented
in Figure 17. These sketches illustrate the changes in cavitation
present on the propelier as it rotates through the vuriable flow field.
The area of cavitation on the propeller, operating in uniform flow, is
between the extremes of cavitation present when the propeller is
operating on the modal, although tending to be more 1ike the heaviest
cavitation condition.

Not shown in the sketches but observed during these experiments
was cavitation which occurred between the tunnel wall and the tips of
the propeller operating with the minimum hull clearance. The cavitation
was present at the lightest propeller loading and disappeared as pro-
peller loading was increased. This cavitation was not present between
the tunnel wall and the tips of the propeller at the larger hull clearance.

The RPM 1imit of the dynamometer driving the propellers limited
the simulated ship speed for which a range of advance coefficients
could be achieved to 40.3 knots. However, the water speed in the water
tunnel was raised to simulated ship speed of 45 knots for one lightly
loaded propeller condition and cbservations of the model tunnel hull
made. There was no evidence of flow seperation on any part of the model
tunnel.

Photographs of the two propellers, in the tunnel hull and in
uniform flow, are presented in Figures 18 and 19.

CONCLUSIGNS AND RECOMMENDATIONS
Thes2 experiments show that for the same propeller loading pro-

peller efficiency was higher operating in the tunnel hull than operating
in uniform flow. This verifies the point made in Reference 1 that a
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tunnel hull propulsion arrangement is comparable to the conventional
shafting arrangement in terms of propulsive efficiency.

T Y X WS

There was no flow seperation on the model tunnel hull through
simulated ship speeds of 45 knots. The extent of cavitation present
on the propellers in uniform flow is between the extremes of cavitation
present during one revolution of the propelier in the tunnel huil. The
cavitation in uniform flow fairly well represents the cavitation present

on the propeller in the tunnel hull in the lower water velocity portion
% of one revolution.

Induced pressures measured in the tunnel wall showed that there were
no harmonics in the pressure signal of comparable magnitude to the blade-
frequency harmonic. Blade-frequency pressure amplitudes increase as
propeller loading increases. Blade-frequency induced pressure decreased
with increasing hull clearance to diameter ratio. Induced pressures
were greater in the plane of the propellers than either forward or aft.
Induced pressures were larger forward of the propeller than aft. Values
of blade-frequency oressure amplitudes determined in the experiments
indicated quite large full-scale forces.

£ AT b RS ) Lol AP P
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Results of the experiments indicate that the desirability of further
experiments with hull clearance a parameter. These experiments should
be conducted measuring pressures on a flat plate which would provide data
of a more gererally applicable nature tnan a tunnel hull model. In
addition, a series of experiments should be conducted with propelier

diameter as the parameter to verify that blade-frequency pressure amplitude
coefficients can be scaled.
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TABLE 1
Geometry of Model Propellers

NSRDC Nominal Model Number
Propeller Pitch-Diameter Propelier of
Number Ratio Diameter Blades
inches
4175 1.27 6.00 3
4214 1.43 5.25 3
TABLE 2

Experimental Program

In Uniform Flow

NSRDC Wake Propeller Propeller
Propeller Fraction Advance Cavitation
Number Coefficient Number

4175 1.0 0.8-1.30 0.5-7.5

4214 1.0 0.9-1.55 0.5-7.5
In Tunnel HUN

4175 0.88 0.8-1.29 0.565-7.

4214 0.94 0.9-1.55 0.565-6.

Sinme T4t )

Hull
Clearance
to
Diameter
Ratio
0.021

0.095

Ship
Cavitation
Number
0.388-5.81

0.442-6.63

5 0.5-5.81
58 0.5-5.81
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Prop ller 4175 Propeller 4214
Figure 1 - Drawing of Model Tunnel Hull and Photographs of Model Propailers
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Figure 2 - Open Water Characteristics of Propeller 4175
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Figure 3 - Open Water Characteristics of Propeller 4214
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Figure 4 - Cavitation Performance of Propeller 4175 in Uniform Flow
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Figure 5 - Cavitation Performance of Propeller 4175 in the Tunnel Hull
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Figure 6 - Cavitation Performance of Fropeller 4214 in Uniform Flow
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Figure 7 - Cavitation Performance of Propeller 4214 in the Tunnel Hull

/5

T T
[ - o -
: 1.697
3 6.580
3 ~0.71+ 3395 n
4 o 1.131
s S 0.565
~ - -
: ., 3.395
, z 1.657
§ 0.6 | 6.580 —
|9
. [
s ]
8 = 1.131 ~
< w
k. =
3 g
l S 0.5 -
: T L
s . R i
g £
; ., 0.6 |-
! 2
: b
i Q = 0.565 -
1 -
{ m—o 3t 7]
: ~ 1.697
4 N 3,395
< | 6.580 .
B 1.131
z
»-d
2 =t 0.2 |- -1
5 ™
: &
3 S
F o = 0.565 B
3 n
p=]
- x
E ; 0.1 - -
1
9 P r“‘
0 | L 1 ! ] 1 ] 1 1 1 1 1 L
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6




~ W MOL4 WAOJLUN U}l SAIQUNAN UOLJRILAR) SNOLURA U104 NO\Px SNSJIA SIIOUIL3LI4I GLLY Lu_._.wno.um - g 9a4nbL g
E V
4 Iy
] ) Nn. ]/
1 “ 13 2] 0% 0 sc°o 0€°0 sT°0 (o7 1] S1°0 ot‘o S0°0 (]
3 ; T B \| T T T T T ~1°0
P ” :
i ,
3 | - -
-3 !
] { : W
1 i = 4 z°0 ,
s . W
( — - ,
| ! ,
[
4 - - ¢0 m
3 \ 2
L p— - m
4 o
3 ™ —
o ,
' - -1 70 = '
1 a !
3 . o ,,
§ a8 ”
- p— - < X
1 m W
¢ _ | 4 ¢ “
; I N
1 ,
3 “_ - ~ 9°0 .
: 00¢°L
p ; - L£6°1 -
f "8 €
3 ] |
-1 L0 !
[ . [ |
: . |
m “ |
. 1 Il 1 1 I . i { 8°0 :
]
F |
j
m -
t

- a Xaraan e kA e o e ool ittt X e Al S et St Lnnds
= Py




YT YT T

r«m T T
3

10

70

€°0

$°0

L0

(&) AONTID1443 MATIZAON

Py S
LLPH
{suun] a3yl u}l SJaquny uoijeljAe) SnNotJRA 404 NO\._.V. SNSABA S810Ualidliill S/l Lw_._.wno.»m -6 w&:m.rn-
oF 7 :
s%°0 o7°0 € 0 (] 1] sto ot'o S1°0 01’0 s0°0 0
~t T T T T T T Y
i .
.
- | .
[~ .
o B -
i -
S%9°0
- Le6° 1 7
- "8 € -
i 005°¢L 162°1 h
r}
r / _
1 1 1 ! 1 1 ! 1

. ~ . R PP S PR ST N L A
PIRPPTORTR (LK SRS o k. kit Sk T it ¥o 2k & o3

™

AR LI

8°0




Rl S LGS AL et . |

TETE IO NI N Y

T

TS

Lo Tam s Sand | N8 SECRNEA L §

TR

—r—F

L

»

S ST W TOeees

/xE
MO
Eﬂﬁw'-: U} sSJ4aqunyN BOv“QH—.>¢Q SNOj4ARA 404 Nn.\.—.x SNS4IA S9JOUI}DL343 vy LO—.—.O&O.“M - 0t ﬂ.:._m_.&
£/
%G $€°0 $¢€°o 0c°o ST°0 ot°o s1°0 01°0 £0°0 0 .
{ L T 1 1 IR L T ] ¥ 13 tvo

b -

N 4 0

= s Q.O -
-

: { k
™

| -
s

! B
3

-

-

L

A 1 1 1 1 1 . 1 - i 6°0

F’ e LT T I T T TF I T T 2 T T TR
4
p




-

i S

e pA e senea AN AF TS E

LCas 0 oy

TIPS

TP

TR AT YRS

EARS £ & Sa © A S BACA NN

FM Casa s vance 3 TR T IR R T

alafosd e ALt

=X
T LLPH
[duun] 3y3 U} S4AQUNN UOLIRILARD SNOLARA J0j Na\hx SNSA3A SILJUDIO144] P2y 4911adoad - || 34nbLyg
o /]
Y0 0%°0 <E°0 0£°0 114 or°o $1°0 ot°o S0°0 o
T T T T T T 1 T T T T T T T T T T 1°0

(L&) XOMTIDIAAZ ¥TTIIE0ME

8°0

- PR R T P - i PNT I NPV PP P TDIET R O X TR NS S EWLY.I W WSS+ oo




TETRTRSTREY
v

£
GLLy 49119d04d 4O UO}IRI0Y 42(12d0Ld Y3 IM UOLIRLURA 34NSSBUd PAONpU] (ed(dAL - Z| 3dnbyy

MNOI1ViON ¥X113d0¥d JO SAWIIA
09 GY O0I€ 08Ff 08T 092 0% AZ T o8t N1 0% nz1 on1 08 09 oY ng ]

t 4 €£°0-

¥ 4
x

1°0-

x ™
5
. x
0]

X B

T Eaame e T R . o

Z°0

€0

srie & = ) e’ G Acas TE < e e i, L i i " ISR T ULTIE R PR ST LIV TV~ TSRV WS S AAX . < I




S et EATTE TN

Ay
pi2y 49119d0oid 40} UOEIRIOY 4| 13PTug YIIM UCLIRLURA dUNSSAULJ padnpu] [edLdA] - g1 a4nbiryg |

PN e e T TR

NOI1VIO¥ NI11340¥d 40 SINUO3A

: 09¢ o%e (1143 20¢€ 082 09z nyt (/144 ont ngl N9t o7 o1 001 08 09 ov ot 1]
. QN-OI
_u €0- i
:
¢ . X
“,, x T
3 N .Y .
: o Z2°0-

X 4
m A
1 ® x ,
,ﬂ. x *q !
¢ HE © ”
: o " .kkk % X ,
_V X = glo 1°0-
{ aj x x|~ T » Q
, mu - O x - o G o
] * - X [0} g o o bad !
] = & - s © o |
m Uc ] ) x . (@) © ﬂ.Oﬂﬂ.ﬁ.\ ! o o |
/ xx D) g © ,
: Ld Dol 0xd Y !
n ! Go Q B O |
" O % T x (@] 0 g |
av ) o 4 ) >4 L™ -]
' ﬂ °op ¥ a P x *xy 9 - x @.&%
ﬂ @ X ﬁ 1 X r.Kv« .
, b'd 2 * 1°0
4 kol b '\h‘ ¥ K b 4
4
9 » 14 A X. xRX e
' X3 !l.l *x |
3 Xex® ,
]
: z°0
_ @ivaiod O
. W3IIN3ID X ,
3 1 €0

W TN RS TR LITET e TR R e e
.

P - . A0 ag o




v

A Ll

A

&

S
GL1y 491 |9doad 405 bujpeo] 43| [3doad sns4aA sapny}jduy Aduanbaaj-ape|g paanseay - p| dunbL4

£/ %

ve o To 1’0 o

.
™m 1L 1070
Y
1
i

% : —teretentnt 20°0

" . : siefiorsfifl

' : mfnbfunti

1 et . sgd 1

aspteehilnge : slols ]
P st : : €00
3 ga8 B T S B R i
: 3 ﬂ m HE :
H .
i i it %0°0
t1$1
H
1331X be ¢ I } 4068008850 ¢4 H
33331 283t i 1L .mm. :
- Il* . .

.
o
vo
o

4

e
€ T :
" 3L 4
' f
3 18 e » b4 " i
it 48

16Z°1°699°0 i ::=.; t

T HHHH 05°0
09°0
oL°o
08°0

.
.
i
n

aee-fevee




v -.Vd\.
v, yl2y 49i9doad 403 Suipeoq ua||adoad Sns4dA sapny}|duy Aouanbauaj-apelg paanseady - G| a4nbi4

N_.\r

T°0

o

|

10°0

| — mu >
. r.l
g g
11 58431 08
ﬂ 1 Hres :
u H : .
3 1 114 ;
: 1 20°0
, §944 1 :
o34 seferol
| 3 i
,. Ty - €0°0
: BN .
" HE 20°0
3 =33
] T8 i IS
1

| : : 0%"0
| 24,183 “ ~u t

) o A 0S°0

iisin > 09°0

: 10L°0

08°0

Wi g [ETNPYPIPNy T P E WD ) BT T e N R WV S S I TUUNN AR S S R DI TR L & UL S IO o Ve

tiy




= sbujpeoy 49| |9doagd SnOjJRA 404 dJURURB|) ||NH SNSJUBA sapn3}iduwy Aduanbauaj-ape|g paansesy - g| a4nbi4

YIALIMVIA / FONVEVIIO TINH

s1°0 01°0 §0°90
T T
——
///
~ T — T .
// — —
// /O/J/ //
//x/ /l/ /Id_/mo.o
/M/// // n
//// /o/od.o
~— ~——
////x i
//D/oN.O
~sz°0
Ny Iy ]

1°0

c°0

€0

%0

[a]
=)

€d)l




- SR A L A i Sl T TR SEETE o TERRTTSAT T AR T AT ST I s T R TR
S-atastadid £ Yol M TN LA A A o m R TR RS T T A TR TEAET e e TR e TR LR TR VTS T E TR TMIRE T AR TG e W RN

In Tunnel Hull In Uniform Flow

In Tunnel Out of Tunnel
'3 874
c =1.291
P

PROPELLER 4175

|J"= 1.131
P

PROPELLER 4214

Figure 17 - Sketches of Cavitation Present on Propellers 4175 and 4214
in the Tunnel Kull and in Uniform Flow, KT/J2 = 0.232 and
Two Sigmas .
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Figure 1

8 - Photographs of Propeller 4175 in Uniform Flow and in the
Tunnel Hu'l at o, = 1.291 and Ky/92 = 0.232
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