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ABSTRACT

The open-water performance and the pressure distribu-
tion on the blades of ITTC Model Propeller MP 282 (diameter
of 950 mm) operating in uniform flow were computed using the
Computer Code PUF-2, originally developed at Massachusetts
Institute of Technology (MIT). The computed results are com-
pared with experimental measurements made at Ishikawajima-
Harima Heavy Industries (IHI) Ship Model Basin in Japan. The
predicted thrust and torque coefficients were about 10 percent

less than the experimental values over the range of advance
coefficients. In general, the predicted pressure distributions
are in satisfactory agreement with the experimental measurements.

ADMINISTRATIVE INFORMATION

This work was funded by the Propulsor Technology Subprogram of the 6.2 Ships,

Subs and Boats Program and performed at the David W. Taylor Naval Ship Research and

Development Center (DTNSRDC) under Work Unit 1540-002.

INTRODUCTION

In this report the open-water performance and the pressure distribution on
the blades of ITTC Model Propeller MP No. 282 operating in uniform flow were com-

1*
puted using the computer code PUF-2, originally developed at MIT. The computa-

tional algorithm for the pressure distribution was developed and implemented to the

existing code, PUF-2, by Kobayashi.2  The computed results were compared with the
3

experimental measurements made at IHI Ship Model Basin.

COORDINATE SYSTEM AND BLADE GEOMETRY

The blade outline and the principal characteristics of Model Propeller MP 282

are shown in Figure 1 and Table 1, respectively. The coordinate system used in PUF-2

is shown in Figure 2. In Figure 3, the definition of the blade surface ordinates

provided by the ITTC Propeller Committee (ITTC PC) and that of the PUF-2 are compared.

According to the ITTC PC definition, the chordlength was defined along the "profile

base line" and the pitch angle was defined by the angle between the profile base line

and the line in the plane of the propeller rotation. In PUF-2 coordinate system, the

chordlength was defined along the nose-tail line and the pitch angle was defined by

the angle between the nose-tail line and the line in the plane of propeller rotation.

*A complete listing of references is given on page 7.
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Therefore, the following coordinate transformation was made to convert ITTC PC

data in oxy coordinate system into the o'x'y' system used in PUF-2 (see Figure 3):

x- = x cos 0 - y sin a + Y sin a (1)

y I x sin C + y cos a - y cos a (2)

where yo is the ordinate at the leading edge in oxy system, and a is the induced

pitch angle due to the above coordinate transformation defined by

-1 YO
a - tan 0 (3)

c

This coordinate transformation results in the new chordlength, pitch angle,

skew, and rake in accordance with the PUF-2 definition (see Figures 1 and 2):

c' c/cosa (4)

VP 4 P + a (5)

PQ cos - P'Q cos(04 +) (6)

i -PQ sin -P'Q sin (0+a) (7)

T Pp

A small computer program was developed to convert the original data into the

data for PUF-2 input. Table 2 shows the radial distribution of the pitch, rake,

skew, and the chordlength of the new geometry after the coordinate transformation.

In Table 3, the original table of offsets (in mm) as provided by ITTC PC were shown.

Table 4 shows the new table of offsets about the nose-tall line after the coordinate

transformation. In Table 5, the same data as in Table 4 are shown together with

camber and thickness distribution at different fractions of chord from Table 4.

The 17 new fractions of chord, xc (0.0, 0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5,

0.6, 0.7, 0.8, 0.9, 0.95, 0.975, 0.99, 1.0) were required by PUF-2 input.

2
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RESULTS AND DISCUSSION

Since the original PUF-2 code was written for a propeller geometry with fixed

thickness and camber distribution throughout the radius (only the maximum thickness

and camber change radially), the algorithm had to be modified slightly in order to

handle the blade geometry with radially varying camber and thickness distribution

such as the present propeller (see Table 5). The open-water performance was calcu-

lated in terms of KT, KQ9 and efficiency at 6 different advance coefficients:

J = 0.9, 0.95, 1.0, 1.054, 1.1, and 1.163. In the computations a value of 0.007

was used for the drag coefficient for all J values. The computed values of KT and

KQ were compared with experimental results in Table 6. The predicted KT and KQ

were about 15 percent and 10 percent, respectively, lower than the experimental

values over the range of advance coefficients. The efficiency was about 7 percent

lower than the experimental results. The discrepancies in open-water performance

are somewhat larger than some previous correlation results.
1

Some slight modifications were made to the algorithm of Kobayashi2 in order

to improve the pressure prediction. With this corrected version of the program,

the pressure distribution on the same blade (Propeller 4498) as in Reference 2

was calculated and compared with other theory. The correlation was improved.

The pressure distribution on the blade of Propeller MP 282 was calculated

for a range of J values. The computed results were shown in Tables 7 through 12

for each J value. The pressure coefficients were calculated on both the suction and

the pressure sides at selected radii (r/R = 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9).

The pressure coefficients were nondimensionalized by the local inflow at each

radius:

P - P(

p 1 2 (8)

2 PV R

where V 2 + (2nr)•

In these tables, the lift coefficients, CL, are also shown at each radius. The lift

coefficient was computed by integrating the difference in pressure coefficients:

£ I c
C f AC dx (9)L c 0 p c

3
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For each radius, C was computed at discrete fractions of chord, from 2.5 percentp

to 92.5 percent of the chord. Therefore, at the leading and the trailing edges,

AC was arbitrarily set to zero and the discrete values of AC were curve-fittedp P

using cubic-spline functions before integration.

Table 13 shows the experimental measurements of the pressure distribution

made at IlI Ship Model Basin. 3 In Figures 4 and 5, the experimental measurements

and the predicted C were compared at J - 1.054 and J - 1.163, respectively. The
p 6

experimental measurements were made at Reynolds number, R = 1.9 x 10 . Then
calculated pressure coefficients are in agreement with measurements on the pressure

side except near the leading edge, but generally overpredict the suction side

pressure. The agreement at reduced J value is better than that at increased J value.

In general, the predicted values are in agreement with the experimental measurements

throughout the radius at two different J values.

In Figure 6, the oil-film test results reconstructed from the photographs in
6 6

Reference 3 are shown at two different Reynolds numbers; 1.1 x 10 and 2.6 x 106 ,

respectively. It is observed that the suction side flow at R - 1.1 x 106 is
6n

somewhat different from the flow at R n 2.6 x 10 . At the reduced R condition,
n n

the flow patterns on the suction side have significantly reduced shear stress

over the forward part of the blade and a clear separation occurs slightly past

midchord. On the pressure side, reduced shear regions occur toward the leading

edge and some indication of a leading-edge laminar separation bubble occurs at

both Reynolds numbers.

No surface flow patterns are presented in Reference 3 for the test R of
6

1.9 x 10 . However, it is possible that separation occurred near 0.7 fraction

of chord on the suction side and at the leading edge on the pressure side in the

form of a bubble. Such separation would explain the suction peak on the pressure

side near the leading edge and the pressure peak measured at 0.7 radius at 0.7

fraction of chord (measurements were not made at a similar chordwise position at

other radii) (see Figures 4 and 5). It is further hypothesized that the suction

side separation is a thin layer with only minor influence on the pressures away

from the separation line.

4



CONCLUSIONS AND RECOMMENDATIONS

The steady pressure distribution on a large diameter model propeller predicted

by a modification to the Computer Code PUF-2 is in satisfactory agreement with

experimental measurements. Viscous effects such as suction-side segparation and

leading-edge laminar bubble separation on the pressure side may have occurred

during the experimental pressure measurements. However, it appears that the

viscous phenomena have only a local effect on the pressure distribution.

In order to assess the validity of the modified computer code for blade

pressure distribution, it is recommended that more comparisons be performed for a

wide range of propellers and operating conditions. Recently, Greeley and Kerwin
4

developed a more advanced numerical lifting surface theory and a computer code PSF

for the prediction of propeller steady performance. It is recommended that this

code be modified to provide for prediction of pressure distribution. Since steady

performance predictions by PSF were shown to be in better agreement with measure-

ments than those by PUF-2, it is anticipated that the pressure prediction by PSF

will be better than that by PUF-2.
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Mid-Chord Line

Y

X(Downstream)

iT 10

Z(Port)

p = blade pitch angle

9- skew angle (positive clockwise looking downstream)

£T - total rake (positive downstream)

I Figure 2 -Coordinate System Used in PUF-2
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SUCTION SIDE PRESSURE SIDE
Rn =1.1 x10 6 , J =1.14

;SUCTION SIDE PRESSURE SIDE

Rn =2.6 x 106, J= 1.15

Figure 6 - Surface Flow Patterns by Oil-Film Test
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TABLE 1 -PRINCIPAL CHARACTERISTICS OF MODEL PROPELLER MP 282

Diameter (D) 950.0 mm

Pitch (P) 1140.0 m

Pitch Ratio (P/D) at the Tip 1.20

Bose Ratio (dID) 0.198

Thickness Ratio (t/D) 0.05

Expanded Area Ratio (A E/AO) 0.639

Rake Angle 0 deg

Number of Blades (Z) 4

Blade Section MAU

r/R c LE (mm c TE (m) Pitch Angle (deg)

0.2 132.2 95.8 62.36

0.3 151.7 114.6 51.85

0.4 165.6 132.8 43.68

0.5 174.1 149.2 37.38

0.6 175.3 164.4 32.48

0.7 165.6 175.4 28.62

0.8 138.9 179.6 25.52

0.9 86.1 166.2 23.00

*0.95 46.4 144.2 21.90

*1.0 -59.2 59.2 20.91

*Note: c : blade width from the centerline to the leading edge
LE
c E:blade width from the centerline to the trailing edge

(see Figure 3)



gogeg...*

00

0 wef 44 1 o4

we .

0 ~ ~ w 10 lypP ~ d
co z IL M 6*4 4 C

30

0 16 W 4 4 ft f N N

N. dm P.bAN*

w ~. mySe~v w e
0~~ *VPI

64 M-4

0~ 0 0g g 0 ggeg

1* 16



.4C m. mom now Pd. C C ma .m ewe " meSC4 =
inn :J :C e. :- !

vd 04Cd9~C .4

mm.~~~ mq" a~ 7_.m .O~ .m~ 40 a14 own

Cd~. .4 K C

Cd M9 99C4 .4

r4 IVC C d 4 .

a.4m 40m vsNC wow. Oed" ofto Cd6d0 OCC 069 mm.

0~~P .:Me 4pm Zeem Ze **" 0

* 4 tm w V t :No am d. a:w m 1. a 009 Sam

UU C~ dN d.m 9.C .0. zai Z. a a a

04 9 9 9 9 9* .9 * 9 *
Go a SM va ft ~ 8am V. Vaa 0 C e1*

mA mM 4F OW a" WC

N jdm ;;j lee oa aa ::a e &ve lopCC am"

V1 9.. . . .* Pa 04" *i * ft * I 9 *

.4&. .1mm C i e . a C .9C 0 n. JZ f :%a maw
0m mm Nb 0% .. fu. P4 N u

J44 nee Wc. PC a49 ;no4 mC d

ft ft No

t00 am C.4 Cm a w . P ""a "am mw ewe

"f 4.. ftC .0.e ave N.0m ft .C CC m

IV ". e .4 .

04 e

mo see so*. Owe mo N# .m mooC Nm* a0m C-." moo
9 9 999 999 a,:. 4 9 *9 *; 999 00 9 9 90 9

* ~ ~ go mm of N aN C4 CC .

som 61 .1CC 0a PN 1., 1 9499 NO.10 lot. gWC a.

* 9 9 9 99 99 99 99 99 99199



titaI *mem %natn imP. memo Ott n i VIim P3*Ma iiii

Aft *0 psl *9 49 * * 0 . 99Z99 * 99* *z. 4* Z 9 *

Am Wd a, W.4 00 . An P d I I- P. I4 I 4 uftf I
p nd 4d 1d Pd Wd W9 40 a9 9 3 9 9 9 d P

I. g4 gA 0 .. lt P6 1 w
Pdd d~ ~ d OW N9 P~d .

Pd*PP I aP IA d90 dA~d AlVa C~o a0a IP

*I ~ t z~ z0 IA :A s .4 a 4 P 9 99
P0, Pd Pd PdN Pd l Pd Pd Pd, .,W 3 99 P d Pd P

. . . . .I.a .A~. .,49P U It .AE . 3 9 . . t!4 . T 1!
l -- V. .I0 M99 9 9 4 1 0 v 9 A 99 999 9*, *99a9o I V~g

9%*P~ P4PPP I .9P I 99i I a. I A "d tao I P a Pdd S

*.4Q z4 14 6, Zl P4 1d o .4 .4 .4 I

0 p 0. f 1 or-I IAI.
9 

to3I 6%Pd ftEP w- 0to"" . 4f NI 0aA AIA f o t IAII.1

o* A"0 . toa ~ . 0 %99 aI9P ft99P .4.~ I 4. t "' I 01 tAAI t

T VA AJ tZ ZZ O W%9~ l.m rd d a9~ I A -A 4W a 0.0 a a6
a 4 elm N0 .4 I d Pd Pd Pd Pd Pd P0P"0Pd .

-~ ~~ .4 .4 . . . .Pd .Pd Pd Pd Pd.. . .4 . 4 .

z f ft FW -

C IAPIA ~ A Pd0 AC AmII~ IAP.. m 49 .A E~ ImpI~ I I ~ vI 4

:4v 0 z9999

m~da 0 .499. d ~-r a 0o A IAIe .44, P m

44i ;;Z.: VA ZZ4. 4.4 ;;;.4 -~j ;.;:.

a . 4 .0 .4 .4~ . 4 . .4 .4 .4 go ow4

we " 41 .

o. memo memao oseal sm e~. none~ memo. memo Pdaedp aC*P

V IS. . . . . .... *999 990w90 v

9C mm PC~ a ea aA.a 4900 AmA9 A~IA CP
IA~~~~~d4~~ 9 Pd 0d * a 0S94 6 99.6 P 49 4 ~ I . 4 .

18. 4 .4 . 4 .



Imem 7TmfeACC 
eC* CCC CCemC.C*CCm 

CC*

.. a .9 -a a em

N t *.m .C r .C or. #1: 1%% u 1m 0 %m .. . cazm C . Sm

a .. N . .a
ft . q ft *A.C ft ftC ft * C0C....S . ... ft * .e m . ..

N : ! .~...-~C,..C E .- *..ae - ~ C-Se7 7 CcECsCCec C *wc

ft AV .en N .6"NN* ft ftC mv -0C0 C e. N *

U ~ ~ :1 .m .C C NCASSA ACetcx 111z::! itiCCNC C s: itfw e A.Ce SmAca AA.N4 CC
a-C a 1A. 30 1 CW. e.eAe *.* .V .. Ce* .. e a e t

.c~~~~~~~~eA.~~~zti _ WCCCCA.C "ftS.AC*CI N N.N S~e~ ,.c ,CC C.SeeCN~~~ ~ ~ I .. 3.
NC N .C e. .. A..N***O - ..- P A .e. *.m. *.C * . e

* NIMCC.:. N M C .A. . .O. C .. * C .C . .CC . ftf.N. - fte..

*cN ~ ~ ~ ~ fttt - -*~ -~t -,1 .. era 1 C *.%iC..C **. ' *INC .m0C .

PeIt

Of N . 0f.I- at1 - V I a---

-'AC~~ - WCe - C* 1e *C - C -;- w

.. ' -0 4 0 0 ft#a-z a

N A A. - a.- --
- A~C~ CC.C, CN4~A .* C CC C CC * CC ACC W .C CE CON. CCtS
ftV e* e* *cea ~ccS E ~ .e *, * . . PN e c ~ ce~ A c ~ e

a A. 0. Io k" ti.4*o " fe" 9 a mff

-~ ~~~ P:. 4 o

- b .CC C .CC AN P4 C C C No J C .A CCNAC C~ .E C A C

O as. -a. z zm. 1. .. 0141. - Magi we .C - . zztl
am am e Mag Ng N -

4 .4 6C- Nw ; N ;

A.CCC*4r UP.CO evc. vv Nv e.WC v!N.C .. C am .e...m SCCA

w oa-mft eNC~ ftA4N UEC C e~C e W.NN. O0 OCc *CC CC lp U:C

eN. *c CN * NN 5CC *. O C *.C .cC *. C * C 5c C .*~ 19



TABLE 6 - COMPARISON OF OPEN-WATER PERFORMANCE OF
MODEL PROPELLER MP 282

Experiments Numerical

KT 10 K Q KT 10K lOQ

0.9 --- 0.188 0.388 0.702

0.95 - - -0.168 0.348 0.724

1.0 0.1669 0.340 0.797 0.144 0.312 0.742

1.054 0.1405 0.294 0.8025 0.120 0.268 0.753

1.1 0.1184 0.256 0.803 0.100 0.232 0.754

1.163 0.088 0.205 0.7865 0.072 0.180 0.729
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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