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Expanded area of propeller blades (ft 2), (in
2
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- EAR (A )
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) ,  (in

2
)

Projected area of propeller blades
— A

E 
( 1.067—0.229 P/D)

C Blade section length (ft), (in)

C
0 ~ 

Blade section length at 0.7 radius (ft), (in)

D Propeller diameter (f t) ,  (in )

EAR Expanded area ratio A
E

/A

g Acceleration due to gravity (ft/sec 2
), (ni/sec

2
)

Ii Propeller submergence (ft), (in)

J Advance coeff icien t J”V/nD

Thrust coeff icient K
T~ ~ 4pn D

Loading coefficient

K Torque coeff icien t K =

p n D

X
Q
/J3 Powering coefficient

n Propeller rotational speed (rev/sec), (r / s)

P Propeller pitch (f t) ,  (in)

P/D Pitch—diameter ratio

Atmospheric pressure ( l b / ft 2 ) ,  (N/in
2 )

Static water pressure, P
H
_Pgh. (lb/f t2), (N/tn

2
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Vapor pressure (lb/ f t2) ,  (N/ rn2)

T Propeller thrust (lb) , (N)
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Q Propeller torque (lb/ft), (N m)

Torque load coefficient ,

2.55 K
Q-

C (J +4.84)(EAR)(l.067— 0.229 P/D)

v Velocity of boat (ft/sec) ., (m/sec)

Resultant velocity of water at 0.7 radius of
o.7 propeller (ft/sec), (m/sec)

2 J2+4.83 2v v
o.7

x Am ount of cupp ing at 0. 7 R , (i n ) ,  (m)

Propeller open water efficiency ,
K

T S
—

K 2it

A 
Additional pitch angle required for new pitch , degrees

New required pitch angle , degrees
n

Original pitch angle, degrees

Mass Density of water (lb-sec
2
/ft

4
), (K /m

3
)

~~~~ 
g

Cavitation nuniber , ~ 
A H V
(1 / 2) pv

P + P  - P
c Local cavitation number , a — 

A H
0. 7 0. ( l/2 )~ v0 7

Thrust load coeff ic ient , ~ — 
T 

2
( l/ 2 ) aA ~ v

0 7
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ABSTRACT

Pour conmiercial propellers were characterized over a range of

cavitation numbers and advance coefficients. Three of the

propellers were then cupped to different degrees on the trailing

edge and characterized over the same range of cavitation numbers and

advance coefficients. The results show an increase in K
TI K

Q. 
and

effective pitch corresponding to increasing degrees of cupping. An

empirical relationship is derived between the amount of cupping and

the resulting increase in effe~~.ive pitch. It is concluded that

cupping is an effective mea~is of correcting an underpitched

prøpeller, at the ~~pense of efficiency and danger of increased

cavitation .

ADMINISTRATIVE INFO RMATION

This work was performed for Naval Ship Engineering Center ,

Norfolk Division under Project Order No. N6428l—76—PO-6—0005.



W~R0DUCT ION

Cupped propellers have been manufactured for a number of years

and they have become popular for small and medium size pleasure

boats. Most manufacturer8 of small propellers offer one or more of

their propeller styles with varying degrees of cupping . Improved

performance is claimed for these cupped propellers . Recent fu l l

scale trials of the 65’ MK III patrol boat appea r to suppo r t th is

claim. A significant increase in speed was realized for this craft

when a small amount of cupping was applied to her existing

propellers . Power measurements prior to cupping, however , indicated

that  the propellers were not absorbing the full  engine power at

maximum engine RPM. After cupping these propellers , the maximum

available power of the engines was absorbed at the maximum engine

RPM, and craft speed increased . It is likely that the increase in

power absorbed by the propellers in this case resulted from an

effective increase in pitch caused by the cupping.

The cupping of propellers is considered to be an art in the

propeller industry . The process (he , cupping) increases the

effective pitch through deflecting the trailing edge of the

propeller—blades (which also increases the trailing edge blade

camber). In order to determine the effect of various amounts of

cupping on the perf ormance of commerc ial propellers a limited

experimental program was under taken at DTNSRDC. The characteristics

of four commercial propellers were determined with and without

cupping. The results are reported herein .

2
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The geometry of each propeller along with the range of

experimental parameters are shown in Table 1. A photograph of one

of these propellers is shown in Figure 1.

TABLE 1

Geometry of the Propellers and Scope of the Experiment

DTNSRDC Nominal Model Expanded Number
Propeller Pitch—Diameter Propeller Area of
Number Ratio Diameter/ins (in) Rat io Blad es

4685 1.0 12(0.3048) 0.694 3
4686 1.0 12(0.3048) 0.582 3
4687 1.1 12(0.3048) 0.593 3
4688 1.3 12(0.3048) 0 .723 3

DTNSRDC Geometrical Cavitation Advance
Propeller Changes Number Coefficient
Number Range

4685 None 5.8—0.5 0.55—1 .05
4685 Cupped 5.8—0.5 0.60—1.05
4686 None 5.8—0.5 0.55—1.05
4686 Cupped 5.8—0.5 0.55—1.05
4687 None 5.8—0.5 0.60—1.15
4687 Cupped 5.8—0.5 0.60—1.15
4688 None 5.8— 0.5 0 .65—1. 40

3



EXP ER IMENTAL PROCED URE AND RESULTS

Propeller open—water characteristics of the four propellers

were obtained in the Center ’s deep water towing basin . The data

were reduced to the usual non—dimensional coef f ic ien t s  of thrust  and

torque and are presented in Figures 2 and 3. Reynolds number during

the open—water characterization varied from 9.0 x io~ to 11.0 x 1o
6
.

Cavitation characteristics of the propellers were obtained in

the 24—inch variable pressure water tunnel. Tunnel water velocities

for each uncupped propeller were established by setting thrust

values in the water tunnel equal to the thrust values obtained in

open water at the same advance coefficient. Tunnel pressures were

adjusted to cover a range of cavitation numbers from 5.8 to 0.5.

These cavitation numbers represent a range of ship speed from 12 to

40 knots.

After the uncupped propeller experiments were comp leted three

of the propellers were cupped in the DTNSRDC propeller shop . The

blade outline and thickness of these propellers made it difficult to

cup them at radii less than 0.5 or greater that 0.9. As a result

the cupping is maximum at 0.7 radius and fairs to zero near the hub

and at the blade tip. Propellers 4685, 4686 and 4687 were cupped in

different amounts designated respectively as heavy , light and medium

cupping . Cavitation characteristics of the cupped propellers were

obtai ned over the same range of cavitation numbers and advance

coefficients as the uncupped propellers . The thrust and torque data

obtained from the cavitation experiments were reduced to the usual

nondimensional coeff ic ients , K
T 

and KQ . In addition , efficiencies4



(,
~), thrust loading coefficients (K and T ) and torque loading

coeff icients (K
Q
/J3 and Q )  were calculated from faired values of

thrust and torque coefficients. All the force coefficients are

given in Tables 3 through 8.

Curves of the cavitation performance of the propellers are

presented in Figures 4 through 14. Sketches of the extent of

cavitation on the propeller blades are shown in Figure 15 for the

heavily loaded conditions and in Figure 16 for  the ‘ight ly  loaded

conditions .
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DISCUSSION

When the curves of cavitation performance are treated as

typical propeller series data, values of effective pitch n~ y be

assigned to the cupped propellers based upon their thrust producing

capability . These results are given in Table 2 below:

TABLE

Effective ?itch Ratio of Propellers Based on Thrust Performance

DTNSRDC Geometrical Effective
Propeller Changes Pitch Ratio
Number

4685 NONE 1.00
4685 Cupped 1.15
4686 NONE 1.00
4686 Cupped 1.05
4687 NONE 1.10
4687 Cupped 1.18
4688 NONE 1.30

By correlat ing the change in e f f e c t ive pi tch of these

propellers and the amount of cupping done to them , an empirical

relationship has been established to calculate the degree of cupping

needed to accomplish a predetermined change in effective pitch .

If one associates cupping with the added deflection of the

blade trailing edge after cupping (the deflection being measured

perpendicular to the nose—tail—line of the blade , at the 0.7

rad ius), cupping may be defined as:

(See Figure 17 )

x — (l/2)C
7 

tan

6
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where

x • anount of cupping at 0.7 R

C0 ~ 
— blade chord length at 0.7 R

— the approximate change in pitch angle between propeller
pitch and desired propeller pitch .

If p and 8 are the new pitch and pitch angle desired .,n n P
where 8 t*n ( ~ )

C 2wr 0 7

8
A — — e — tan —l ~ 21Tr

07 
) — tan~~ ( 2rr

0 7  ~

where S and P are the original pitch and pitch angle.

It was found tha t the proper cuppin g can be achieved by using a

ball or curved anvil. The radius of the ball may be determined by

using the following equation (See Figure 18 for definition) :

2 2x
r 2x

where r — rad ius of desired ball

x • amount of cupping at O.7R

y 10% of blade chord length at 0.7K

A numerical example for these computations is shown in Appendix

A. In cupping the propellers the center of the ball should be

positioned at 90% of the chord length from the leading edge of the

blad e, starting at the hub and progressing toward the tip to O.9R.

Prom O.9R to 0.95R the center of the ball moves linearly from 90% of

7
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the chord length to 100% of the chord (i.e., to the trailing edge).

Propeller cupping is a practica l method for increasing the

effective pitch of an existing propeller. However , the re are two

potential problem areas. One prob l em is that the cupping p roduces a

blade trailing edge which is susceptible to trailing edge

cavitation . This effect is illustrated by the sketches of

cavitation present , under typical operating conditions , on these

propellers (See Figures 15 , 16, and 17). Also cupped propellers , in

general , seem to have a somewhat lower efficiency than propellers

designed specifically for the desired pitch . Thus cupping is

recommended only when the existing propeller is underp itched and the

required higher pitch propeller is not readily 

available.8



CONCLUSION ANT) RECOMMENDATIONS

An approximate definition of cupping was derived from data

obtained using four commercial propellers . It appears that the

cupping of an in—service propeller is an effective measure to

correct the Initial mis—match between the propeller and the powering

system . A properly cupped propeller will absorb the available power

at the expense of lower efficiency and with the possibility of an

Increased amount of cavitation .

Based on this limited sample (only four propellers were

evaluated), it is recommended that cupping only he used as a

corrective measure .

The empirical relationship between cupping and effective pitch ,

in a strict sense, is valid only for the type of cupping described

in this report. If a different method is used to achieve cupping ,

the conclusions drawn from these experiments may not be valid. A

much larger sample of commercially cupped propellers would be

required if one desires to arrive at a “general rule of thumb”

.9



APPENDIX A

Th. procedure to follow in order to determine the amount of
cupping needed to raise the effective pitch of an existing propeller
to some new value is as follows: -

1. Estimate the desired pitch ratio and calculate the new pitch . For
this pitch , the new pitch angle, S is

TI

8 ‘u tan
1
( 

P~~)
n 2ir r 0 7

2. Calculate the required additional pitch angle S
A
:

0
A 

e
n 

— 8
o
, where S is the original pitch angle.

3. The trailing edge of the propeller should be cupped , at the 0.7
radius, an amount

x — (....Q .Z.) tan 0
A 

[ in]

For example consider a propeller of :

D — 2.5 ft (.762 m)

P/t~ — 1.0

C0 7  — 1.458 ft (.444m)

}low much should this propeller be cupped to achieve a desired P/fl — 1.1?

The original pitch is P — (D)(P/D) — (2.5 ft)(l.O) — 2.5 ft
The original pitch angle is - tan 

l
(
2
P ) tan~

’1 (2~~~) ( 97) ) - 24.453~
The new pitch is P — (2.5)(l.l) — 2.75 ft
The new pitch angle is S — tan L

(
2
P ) — tan 

~(2 ) ( )( 87)~ 
— 26 .706°

Therefore :

o • 0 — B — 26.706 — 24.453 — 2.2530A n o
Then the amoun t of cupp ing needed , x , is

• (4!i ) tan — (1.458) tan 2.253’ — .029 ft — .344 inches (.009 m)

10 
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The ball radius needed to effect this amount of cupping is:

2 2
r~~~~ 

+1

2x

where x .344 inches
y = 10% of blade chord at 0.7 R l.749 in (.0444 m)

- 
( .34 4) 2+(l.749)2r — — 2(.344)

4.62 in (.1174 m)

11
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4
OTNSRDC ISSUES THREE TYPES OF REPORTS

(1 )  DTNSRDC REPORTS . A FORMAL SERIES PUBLISH ING INFORMAT ION OF
PERMANENT TECHNiCA L VALUE , DESiGNATED BY A SERIAl. REPORT NUMBER

( 2) DEPARTMENTAL REPORTS , A SEMIFORMAL SERIES , RECORDING IP-4FORMA
lION OF A PRELIMINARY OR TEMPORARY NATURE . OR OF LIMITED INTEREST OR
SIGNIF ICANCE . CA RRYING A DEPARTMENTAL ALPHANUMER IC IDENTI F ICAT ION

(3) TEC”INICA L MEMORANDA , AN INFORMAL SERIES , USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS. NUMB ERED AS TM SERIES
REPORTS, NOT FOR GEN ERAL DISTRIBUTiON
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