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NOTATION

CA  Correlation allowance

D Propeller diameter

EIIP Effective power in horsepower

SlIP Shaft power in horsepower

ETAD Propulsive efficiency, rl =PE/P

ETAII Hull efficiency, nH

FETAO Propeller open water efficiency, n0

ETAR Relative rotative efficiency, TiR

.T Advance coefficient based on thrust

LWL Load waterline

P Propeller pitch

D Delivered power

1E Effective power

RT Hull towed resistance (total)

RPM Propeller rotation speed, revolutions per minute

T Propeller thrust

t Thrust deduction fraction

WQ Torque wake fraction

w Thrust wake fraction

S Wetted surface

A Ship displacement
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nD Propulsive efficiency

n H Hull efficiency

no Propeller open water efficiency

TR Relative rotative efficiency

METRIC CONVERSIONS

1 degree (angle) 0.01745 rad (radians)

I foot 0.3048 mn (meters)

I fps foot per second z 0.3048 in/s (meters per second)

I inch a 25.40 mm (millimeters)

1 knot x 0.5144 U/s (meters per second)

1 lb (force) - 4.448 N (Newtons)

1 lb (force) - inch a 0.1130 Nos (Newton-meter)

1 long ton (2240) -1.016 metric tons, or 1016 kilograms

I horsepower - 0.74S7 kW (kilowatts)
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ABSTRACT

As part of its overall project to adapt controllable
pitch propellers to the needs of high speed combatant
ships, the David W. Taylor Naval Ship Research and
Development Center (DTNSRDC) conducted a series of
resistance and propulsion experiments on a model of
the R/V ATHENA. These experiments were conducted to
provide estimates of power experiments with design
propellers for blade loading calculations. This report
provides experimental conditions for setting up the
blade loading model experiments. The estimated
correlation allowance between full-scale data and
model data with design propellerswas found to be 0.00065.

ADMINISTRATIVE INFORMATION

The work reported herein was initiated and funded by the Naval

sua Systems Command (NAVSEA 05R) under Task Area S0379001. The experimental

1ihate of this task was performed at the David W. Taylor Naval Ship Research

and Wevelopment Center (DTNSRDC) under work unit number 1524-641: The

data analysis and report preparation were performed by Chi Associates, Inc.

(CAI) under contract to DTNSRDC, Contract No. (N00167-78-C-0089).



INTRODUCTION

The experiments reported herein were part of the Controllable Pitch

Propeller Research Program at the Center. Full-scale and model measurements

of alternating loads on the propeller have been made for the R/V ATHENA

J and its geosim model. In order to provide adequate information on the

operating conditions for model experiments using the six-component

dynamometer to measure propeller loads, resistance and propulsion experiments

were performed. The results of those resistance and model propulsion

experiments are reported herein.

In addition to alternating loads on the propeller, model and full-scale

propeller disk wakes have been measured for the R/V ATHENA. These wake

experiments were performed with the ship propelled by the port propeller

while the starboard propeller was replaced by a pitot tube rake. Propulsion

information was needed for the operating condition of single delivered propulsion.

Such an experiment was performed and the results are reported herein.

Finally, it is possible to perform a ship-model correlation with the

existing standardization trial data for PG 871 and PG 92 2using the twin

shaft model propulsion data. The resdlting correlation allowance and

comparisons of model and full-scale self propulsion data are also presented

in this report.

EXPERIMENTAL PROCEDURE

DTNSRDC Model 4950-1, representing the PG 94 (now designated the

R/V ATHENA) was constructed to a linear ratio of 8.250 in accordance with

Naval Ship Engineering Center (NAVSEC) model plans. The model was fitted

with rudders, shafts and struts, a centerline drag keeljskeg and stabilizer

fins. Profile, lines and body plan drawings for the R/V ATHENA represented

by Model 4950-1 are shown in Figure 1. Ship and model characteristics are

listed in Table 1.
Model Propellers 4710 (right hand rotation, starboard side) and 4711

(left hand rotation, port side) representing the design propellers for the

PG 84 class, were used for the powering experiments. The details of the

propeller model geometry are presented in Figure 2. Open-water character-

istics are presented as curves in Figure 3 and tabulated in Table 2.

1References are listed on page 6.
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All model experiments were conducted on DTNSRDC Towing Carriage 2,

using a block gauge to m-.asure the towing force after an initial check was

made with girder balance system. Four different experiments are reported

here, numbers 30, 31, 35 and 36, as detailed in Table 3. Experiments

30 and 31 were (respectively) conventional resistance and propulsion

evaluations using twin-screw propulsion. Experiment 35 was an additional

resistance evaluation conducted because the rudder angles, displacement and

trim were differentfrom those in the previous evaluation. Experiment

36 was a propulsion experiment with the port propeller operating and the

starboard propeller removed.

The full-scale resistance and propulsion predictions were calculated

utzig the 1957 ITTC Ship-Model Correlation line, with a correlation allowance

of 0.0005.

PRESENTATION AND DISCUSSION OF RESULTS

Resistance and propulsion data from Experiments 30 and 31 are presented

in Figures 4 and 5 and in Tables 4 and 5, and for Experiments 35 and 36 in

Figures 6 and 7 and Tables 6 and 7. Effective power, delivered power and RPM

are shown in the figures together with the propulsive efficiency (PE/PD)'

thru.-t deduction fraction (t) and thrust wake fraction (VT). Figure 8

showti the zise, sinkage and trim for Experiment 31, and Figure 9 shows

the same data for Experiment 36. Note that, over the same speed range, slightly

more bow rise and more stern trim are predicted for single-screw than for

twin-screw propulsion,although the differences between the trim for the two

conditions are small.

Blade Loading Experimental Conditions

The propulsion conditions for the blade loading experiments, sum-

arized from the resistance and propulsion predictions listed above, are

presented in Table 8. Note that the twin-screw propulsion prediction-is

at 20 knots (10.3 m/s), whereas the single-screw propulsion condition is at

15 knots (7.7 m/s). Also, the displacement and trim for the two conditions

are different. These differences come about since Experiment 31was run to

obtain 20-knot conditions for blade loading experiments and Fxperiment 36

was run to obtain correlation with full-scale wake survey conditions. Table

8 also makes a comparison of single and twin-screw oropulsion experiments

at the same speed.

3



Comparison with Full-Scale Trial Data

The propulsion predictions from Model 4950-1, at two correlation

allowances can be compared with previous full-scale trial data on the
1 2twin-screw PG 87 and PG 92 . Table 9 shows this comparison for four

different speeds. In spite of the differences in displacement and propeller

pitch ratio, the delivered powerandRPM compare to within two and a half percent,

except at 35 knots (18.0 m/s) where the differences are more than five

percent. These differences may be due in part to the inacurracy of the

full-scale measurement of the propeller pitch ratio. The correlation

allowance should be 0.00065 for both hulls !ased upon the top three trial

speeds. The data for a correlation allowance of 0.00065 is presented in

Table 10, Also correlating on RPM from the model side to full-scale the

RPM ratio of model to trial for the top three trial speeds varies from 0

to 5 percent for a CA of 0.00065.

Single and Twin-Screw Propulsion Comparison

In addition to providing the propulsion conditions for the blade load-

ing experiments and a correlation with full-scale data, the results of

the resistance and propulsion experiments can be compared with each other.

As shown in Table 11, the twin-screw propulsive efficiency and advance

cofficient were always higher than for the single-screw case, and the

EHP/Ton, the thrust deduction and the wake fraction were consistently

lower for the twin-screw case. At 16 knots (8.2 m/s), the EHP/Ton of

single-screw propulsion was more than five percent greater than for

twin-screw, and the propulsive coefficient was almost four percent less

due to single-screw's propulsion experiment having a heavier displacement

and greater trim. The increase in effective power results from the added

drag due to the rudder angle necessary to compensate for the turning

moment of the single driving propeller offset from the ship centerline,

along with the increase in drag due to heavier displacement and greater trim.

Comparison with Previous Model Data

The experimental resistance and propulsion results can also be com-

pared with previous data obtained from a twin-screw model. Hoekzema 3 has

reported on the powering charcteristics of Model 4950, which is similar

to the ATHENA model. Model 4950 has a lighter displacement by 18%, a wedge

4



on the transom line, larger V-struts, rudders farther outboard with trailing
edges aft of the transom, and less rudder clearance. Model 4950-1 does not

have a true wedge but reverse buttock lines which essentially act as a

faired wedge, and is fltted with design propellers instead of stock propellers.

The propulsion charcteristics of the two hulls are compared in Table 12.

The propulsive coefficient, thrust deduction, wake fraction and advance

coefficient are consistently lower for the ATHENA and the effective power

per ton of displacement is higher for the ATHENA. For example, at 15

knots (7.7 m/s), the EHP/Tonpredicted for the ATHENA was more than 10

percent greater than that for Model 4950, although the ATHENA propulsive

coefficient was only about two percent less. These differences are due

in part to the different drafts and correspondingly different transom immer-

sion of the two hulls, and to the different propeller designs. In addition,

propulsion predictions for Model 4950 were made using the ATTC friction line

and a correlation allowance of 0.0004, whereas the ATHENA predictions used

the ITTC friction line and a correlation allowance of 0.0005.

CONCLUSIONS

1. R/V ATHENA model predicrions resembl I full-scale measurements on

two similar twin-screw hulls (PG 87 and PG 92) at the correlation

allowance of 0.0005. However, a correlation allowance (CA) of 0.00065

for these two type hulls represents a better model-ship full-scale

powering scaling.

2. For the speed range of 14 to 19 knots (7.2 to 9.8 m/s), twin-screw

propulsion is predicted to be more efficient than single-screw propulsion

with the starboard propeller removed.

3. Based on effective power per ton of displacement, the ATHENA propulsion

characteristics vary from those in a similar earlier twin-screw design

(4del 4950). These differences are attributed in part to variations

in drafts, transom immersion, stock or design propellers used and predic-

tion parameters (friction coefficient and correlation allowance).

4. The propeller RPM correlation at a CA of 0.00065 shows from zero to 5

percent difference between model and full-scale RPM with the

model RPM under predicting the full-scale value.

5
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HORSEPOWER AND RPM CURVES .. ....
FOR R/V ATHENA ___.. ___....___...._

ESTIMATED FROM PROPULSION ~
EXPERIMENT 31 WITH1 MODEL-4950-1

Ship - Propeller MODEL 49S0-1 PLAN NLWERS
Length No. 4710-Starboard rBDAIGS2-501.,4

(LVI,) 154.0 ft. 47lI-Port ~DAIG 2-90O.0,0
am 22.6 ft: Diameter___6.0 __ft. _ BODY STERN ALTERATION AND STERN

raf (Dag eel Pich .6ft.- PROFILE (ALTERED)
[r.at 5.5a Ket. Pitoch lde P04-54-800-212-0672

DisP1.260 tons 4(Controllable Pitch) TR PEDGS RPLE HF
Trim 0 Even Keel) Mean Width AN RUDDER 3

P04-84-800-212-0672. -0673A

3400 sq. ft. Disc Area Q07 .. 2
Appendages BT.F. 0.Q48
Rudders Direction of 4710-RH,

700-ill Shafts Rotation 4711-LN .. .
Struts Tips Below ........ .. .

Stabilizer Fins Surface 3.5 ft
6O-I Ske Tip Clearance 0.9 ft. .... .. -....

ITTC Friction, CA -0.0005 .... ....

..-. .......

ZI~.. .... .... 3 3

00 10
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HORSEPOWER AND RPM CURVES

FOR R/V ATHENA

EXPERIME1NT 31 WITH MODEL OD.4501PLAN NLhILS
Ship ~Propeller MDL45-

Leo.t 4710-Starboard DThB DRAWINGS 522-495f)-O1, 02, -03

(LWL) 46. meters L1 11-Po BODY STERN ALIIRATrloN AND STFRN

Bearn 67 meters Diameter 1 meters PROFILL (ALIrRFO0)

lraft (Drac, Keel) Pitch 2.0 meters PGM-84-800-21
2-007 2

L~~a 1 mters No. f BldesSTERN APPENDAUS, PROPELLER SHAFT

Ti .6metric tons4(Corollabl-e ric) ADRDI

rim 0HEven Keel) Mean Width PGM-84-800.212-0
67 2, -067.A

_________n _ Ke Rati 0443

S. Exp. Area/

r315.9 sq.. meters Disc Area O.]775 7

ppendages B.T.F. 0.048
Rudders Direction of 4710 RH
Shafts Rotation 411-L

Struts Tips Below -

Stabilizer Fins _...rface 11mtr

Skeq Tip Clearar'2:e 0.3 M. -~~ 4

ITTC Friction, C =0005,.....A

6W-

504 4p-

a -
.. .. . .. . ..

--0- 0

.. .. ... ... ..

D 0

.410 
---- 7-

-igure-5 - -r--cte Metic Twi-Sre Proulso. .h..ctri.iC..orth

R/V ATIM~NA from Experiment 31
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HORSEPOWER AND RPM CURVES 30

FOR R/V ATHENA

ESTIMATED FROM PROPULSION - 30

EXPEIRIMENT 36 WITH MODEL 4950-1

Length __ No. Prle -3000
(LWL) 154.0 ft. 4711-Portt
Beam g ft. aofldS-:0

Draft _______6.6__2__SW

(Man Keel) Pitch6. ft 
.

Distp. f263 to~ns _______ab
Trim 0.59 ft. mean width

_ _ Ratio 0,443

W.S. Exp. Area!

3413 sq. ft._-_Disc Area 0,775 _ __- .2400
Appenrdages 13.T. F. O 0 .

Rudders Direction of
11 hfsRotation 471 1 -TH --- 2200

Stabilizer Fins Tips Bel. RPI
S-Lrut,- Surface____3.8___ft

ITTC FricionC_2=____,

a----- 3-- bU --- 6 
- - -o

2-D -
4 0

E DV

Ii o 5 ) 4O .---- --
1 0

30- G8~80). -~7 BOO

I I ~STERN APPENDlAGI S PROI'LU.ER SHAmit

~-~;;~ -P(;M84-80-21
2-Go7Z, -067-,A

I I I

00

10 1 2 1 4 15 1 7 1 9 2

SHIP SPEED IN KNOTS

A Figure 6 -Predicted Single-Screw Propulsion Characteristics for the

R/V ATHENA from Experiment 36
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3600
HORSEPOWER AND RPM CURVES -

FOR R/V ATHENA ...

ESTIMATED FROM PROPULSION -3400.
MODEL 4950-1 NBRS

Ship -- Propeller OTMB DRAWINGS 522-4950-01, -02,--03:

Length 46.9 meters No, 47t1-Port .2BD TR LEAINADSEN 3200
(LWL) ____________________

Beam 67 meters Diameter meters ; CN8-G-1-t7

Draft (Drag Keel) 'Pitch 20meters 17 3000
f- STERN APPENDAGES, PROPELLER SH\[-T

(Mean)i , meters No. of Blades ;: AND RUD)DER
Displ .2 6 7 metric tons 4 (ront-r1 1 ahl fPi i-th) PGM-84-80O -212-0672, -06 7 .1A
Trimo01 8 meter Mean Width- t- . 20

(yStern) Ratio

W.S. Exp. Area/
317.1 sq. meters Disc Area n i700

Appendages B.T.F. 0 ~
Rudders Direction of

530 Shafts Rotation 4711-LH

Stabilizer Fins Tips Below P
Struts Surface 1.2 metersD

Skeg Tip Clearance 0,3 M. -- 20

400 ~ ITT C Friction '-A =.0005 RPM0

0~0

I. _

- r I 1800

30 -A-- -- ---. .I.. 20

140

hgir 7- rdite MticSigl-crw rousin Thrcic~. is orthR
2001 -------A 1200hxeimnt
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Sh ip and ModelI Characteri stics

R/V ATHI I Rep resented by ModelI 4950-1]

I enigt h Bet ween
Po rpend i cu IarIS 15.1 .0 ft (40.94 in1) 18.07 ft (5.69 in)

Len t 1h Ove ra II6o1.5 ft (50.1.1 Iil) 19.9.11 ft (6.08 in)

~1~lli ~ (twin-screw) 22.6 ft (6.87 iii) 2.73 ft (0.83 mn)
iksingle-screw) 22.8 ft (6.96 11n) 2. 77 ftL (0 .84 in)

0'sP lJicinenIt (twinl-SCrew) 260 tons (264 metric tons)tI( ) lbs (458 kg)
(single-scre) 263 tons (267 metric tons)O 2 01 lbs (463 kg)

M\et t d 1)iirticc ( twinl-Screw) 3 100 ft, ( 315.9 111) 49.95 ft, (4.6410 ~
(single-screw) 34 13 ft (3--17.1 in-) 50.1.; ft- (4.659 il

IDixi t I 11i-sC rew) 5.58 ft (1.70 in) 0.070 ft (0.206 mn)
(sini'le-screw) 5.63 ft (1.72 in) 0.682 ft (0.208 mn)

(Drafts measured at midships due to drag keel)

pHI unb te nIt insrw even keel even keel
( Ingle-scrw) 0. 59 ft (0.18 m1) ().0)7) ft (0.022 in)

Propelle 1(I iliet ei 6.0 ft (1.83 m) 8. "173 i n (222 imm)

IIi nca 5c1 IcA Ra~ti o 8,25 1 .0

11r-e 1 1 er' ' (w in - c rew , Conlt roll1 abl 1e pitCh11, 4 b 1a des each1. On) y port
propelp( Iet Icrpe rat ing for Sinigl Icrely P ew Xi i ent s.

11%i1) "ta;bi Ii :e1,min s;h'fts; and V-st ruts, twinl rudders,
xi center I iiie skeg.

16
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TABLE 2

FAIREI) OPEN-WATER CHARACTERISTICS FOR

PROPELLERS 4710 aind 4711

0 K E
T Q

.050 .585 1.002 .046

.100 .563 .962 .093

.150 .538 .921 .139

.200 .514 .881 .186

.250 .489 .840 .232

.300 .464 .799 .277

.350 .438 .757 .322

.400 .411 .716 .365

.450 .385 .673 .410

.500 .358 .631 .451

.550 .330 .588 .491

.600 .302 .546 .528

.650 .274 .503 .563

.700 .246 .460 .596

.750 .218 .417 .624

.800 .189 .374 .643

.850 .161 .330 .660

.900 .133 .287 .664

.950 .105 .243 .653

1.000 .077 .199 .616

1.050 .050 .156 .536

1.100 .022 .112 .344

1.125 .009 .089 .181

4710 Test 2 June 1978

4711 Test 1 January 1978
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TABLE 4

Calculation of Twin-Screw Effective and Delivered Power

From Faired Coefficients

Model 4950-1 Representing the PC 94

Data from Experiments 30 and 31

P'ropellers: Twin-screw, design propellers represented by
models 4710 and 4711, outboard rotation

Appendages: Twin stabilizers, main shafts and V-struts, twin
rudders 20 trailing edge inboard

ITrC friction, no turbulence stimulation, C A 0.0005
Displacement 260 tons (264 metric tons) A
Draft 5.S8 ft (1.70 m) (Drag Keel)
Trim (even keel) 2 2
Wetted Surface 3400 ft (315.9 m)

FXPFI~YMFNT 31 ATI4FNA MOMF '6q5P0-1

SHIP SPEFD FFFFCTIVE PflWFQ(PE) DELIVERED POWER (PD) REvnLIITTflN'
(HORSF- (KILO- (MORSE- (KILO- PFP

(KNOTS) (M/SEC) anWFRI WATTS) PnFeWi WATTS) MTNUITF

14.0 7.20 a 0 40.e 980. 7.30. RA
15.0 707? 675o 9;11. f2100 900.

160 8.23 8146. 630. 1500. 11?0. 0.
1. .6 1290. 960. 2290. 1710. '1.9.6

iq. .77 1550.'G 1160 ?750. ?050. 3t7n.7
1Q.5 10.03 1690. 1260. 2990. 2230. 3409q
20.0 10.29 1R700 1360. 3220. 24n.00.q 30.y
? 0 . 10.595 t Q 50 1460. 31.60. 2 5It0. *0.
?i.0 10.80 ?ila* 15'70. 3700. ?.7 A0 . 0.
?220 11.037 2350. 176 a0.f 40.0 3080. 466.3
26.0 17.35 2880. ?150. 5010. 3760. lrq9.3
26.0 13.38 3630. 2 "50. 590 66ol 400. 689.8
28.0 16.40 to11he0 30-400 6890. 51600 7.
30.0 15.63 47906 3570. 8050. 6900 55.1.0
37,0 16.66 5 r, 0a. 6160. 93000 69q30.9;?0
.34.0 17.69t~ 5350. 67500 10550o 7870. 13.8,
35.0 18601 5780.s 950600 11210. 8360. 629.1
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TABLE 5

Calculation of Twin-Screw Efficiencies, Thrust Deduction

and Wake Factors from Faired Coefficients

Model 4950-1 Representing the PG 94

Data from Experiments 30 and 31

Propellers: Twin-screw, design propellers represented by

mode~ls 41710 and 4711, outboard rotation

Appendagcs: Twin stabhilizers, main shaft$ anti V-struts, twin

rudders 20 trailing edge inboard

llCfriction, no turbulence stimulation, C A= 0.0005
Iissplacement 260 tons (264 metric tons) A
IPraft 5.58 ft (t.70 mn) ([Drag Keel)
Trim (even keel) -

Wetted surface 3400 ft' (315.9 m')

skin EFFiCTFmrtFSIFT*3 THRUST flFfUCTrON AflVANN:
SPFFr) ANfI WAI(F FACTOR~S irnFF,

(KNOT';) FTAfl ETAn FTAH rrA0 1-in t-wr I-wa Jr

14.0 .560 .659i 0.RO 1.02ft .820 *qM0 .985 O870
15.0 .5,60 obsSi ,8. 1.010 .8to35 9A .8g 990 .87r,
i1..0 .560 .655r .Ar-5 1.ocSv .815 .990 . .990 .875
lot.a .5C6 5 .655; I .6 v .qqo .65 1.000 .995 .470
1q.0 o.56; .65 r. 875 *qqO . 87r, 1.000 .995 01(;
19.5 o565 . 65r, .n75 .985 .80 to.09 9 .995 oA6
?0.0 . 569; .659; .88 Moto .88qOA5 1. 0 0 .995 0470
?0 .5 , .65S .65 hg 885 0 S QAV .8A8AC 1.00095 .995 .870
21.0 .5165 .655. aAG q0 .7c; o8qC 1.00 noq 995 o~
??.0 o 97C .*65, 0 AO .47% .95, 10005 *995 .875
24.0 a .5 7r, .695 .0 po fln *9q 0c 10 0 .995 .890
2690 *580 .651; qlr, .970 q95 1.005S .990 0400
?8.0 . 590 .69;r ,q?5 .970 *925 1.000 0990 .910
.30.0 ,595 .65 5 0 1q4 f .9; .1 e .995 .985 e 1c;
.i?. a .9q9 fig; .91. .9 r 65 0 qts .99 .cr 985 ,a7,
34.00 .6059 f r.6 .0 .970 ** q45 .99 q, o98 5 0 4"ft
35.0 .605 .645 *4c;5 970 oq5O , qqr% .985 I so
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TABLE 6

Calculation of Sirngle-Screw Effective and Delivered Power

from Faired Coefficients

Model 4950-1 Representing the PG 94

Data from Experiments 35 and 36

P~ropellers: No starboard propeller, design port propeller
represented by model 4711, outboard rotation

Appcnd4 :gcs: Twin stabilizers. main shafts and V-struts,
port rudder 30 to port (- 10 trailing edge outboard)
starboard rudder 20 trailing edge inboard

ITTC friction, n~o turbulence stimulation, C A = 0.0005
Displacement 263 tons (267 metric tons)
Draft 5.63 ft (1.72 hi)s (Drag Keel)
Trim by stern 0.59 ft 10.18 m) 2
Wetted surface 341.i ft j17 .1 m)

SHITP SPEEn ErFECTIVE POWER(PEI DELIVERED POWER (PD) PEVOLUT11IS
(HORSE- (KILO- M~ORSE- (KILO- PER

(KNOTS) (M/SFC) POWERI WATTS) POWE9) WA TTS I MI MUIJT
12.C 6.17 360. 265. 680. 5rsoI5.
13*0 6.69 470. 35.* apoo 6550 291.4
14oC 7.20 585. 4410o 11600 82C* 313.4
1 " -C 7.72 725. 54.C, 131.0. loot. 03701
16a.O Se23 895. 67C* 1660. i2'C. 96105

19.G q977 1643* 1221. 3030. 226C. a 43909
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TABLE 7

Calculation of Single-Screw Efficiencies, Thrust Deduction

and Wake Factors from Faired Coefficients

Model 4950-1 Representing the PG 94

Data from Experiments 35 and 36

Propellers: No starboard propeller, design port propeller
represented by model 4711, outboard rotation

Appendages: Twin stabilizers, main shafts and V-struts.
part rudder 30 to port (- 10 trailing edge outboard)
starboard rudder 20 trailing edge inboard

I1TC friction, no turbulence stimulation, CA = 0.0005
Displacement 263 tons (267 metric tons)
Draft 5.63 ft (1.72 m) (Drag Keel)
Trim by stern 0.59 ft 2(0.18 *) 2
Wetted surface 3413 ft (317.1 m)

SHIP ErFF CIFNCE T .i THRUST OEIUCTrON AOVANCF
SPrr) AND WAKE FACTOPS POEr.
(KNnTS) EYA" c7TAO ETAH ETAR 1-T 1-Wr 1-HO JT

12.0 .53C .650 .905 .895 .985 1.085 1.020 *915
1'.S .53C o640 091C .91k .955 1.C52 .990 0799
14.0 .535 .635 .905 .930 .940 1.043 .990 .780
15.0 .540 9635 .895 ,9.5 .935 1.1;4 1.005 .740
16.0 .540 .635 .e8q5 .950 .930 1.040 1.010 .780
17.0 .050 .630 .995 .950 .935 1.030 .995 .765
1A.0 .540 .630 .905 .q5O .940 1.635 1.000 *765
1o.0 9545 .630 .900 .955 .91.5 1.055 1.025 .770
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TABLE 8

Propulsion Conditions for Blade Loading Experiments

Twin-Screw Propulsion Single-Screw Propulsion
(Experiments 30, 31) (Experiments 35, 36)

I)ispIaccmcnt,
tons (metric tons) 260 (264) 263 (267)

Iraft, ft (m)(Drag Keel) 5.58 (1.70) 5.63 (1.72)

Trim by stern, ft (W) Even Keel 0.59 (0.18)

wtpd,tknots (48) 20.0) (10.3) 15.0 (7.72)

II 390.7 337.1

Delivered power, hp (KW) 3220 (2401) 1340 (999)

I t 0.885 0.935

I - w T  1.005 1.040

- 0.995 1.005

.1T  0.870 0.780

'1) 0.565 0.540

0.655 0.635

0.880 0.895

R 0.985 0.945
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TABLE 8

(continued)

Propulsion Conditions for Blade Loading Experiments

Twin-Screw Propulsion Single-Screw Propulsion

(Experiments 30, 31) (Experiments 35. 36)

Displacement,

tLons (metric ton5) 260 (264) 263 (267)

Draft, ft (m) (Drag Keel) 5.58 (1.70) 5.63 (1.72)

Trim by stern, ft (m) Even Keel 0.59 (0.18)

Speed, knots (/s) 19.0 (9.77) 19.0 (9.77)

Effective power, hp (kW) 1550 (1156) 1640 (1223)

RPM 370.7 439.9

Delivered power, hp (KW) 2750 (2051) 3030 (2259)

1-t 0.875 0.945

I-WT 1.000 1.055

JT 0.865 0.770

no 0.655 0.630

KT/JT2  0.104 0.182

.D .565 0.545
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TABLE 10

CALCULATION OF TWIN-SCREW EFFECTIVE AND DELIVERED POWER,
EFFICIENCIES, THRUST DEDUCTION, AND WAKE FACTORS

FROM FAIRED COEFFICIENTS

Model 4950-1 Representing PC 87.

Data from Exteriments 30 and 31

Propellers: Twin-screw, design propellers represented by models

models 4710 and 4711, outboard rotation

Appendages: Twin stabilizers main shafts and V-struts, twin

rudders 20 trailing edge inboard

ITTC friction, no turbulence stimulation, CA = 0.00065

Displacement 260 tons (264 mdtric tons)
Draft 5.58 ft (1.70 m) (Drag Keel)
Trim (even keel) 2 2
Wetted surface 3400 ft (315.9m2)

DELIVERED
SHIP SPEED EFFECTIVE POWER(PE) POWER (PD) REVOLUTIONS

(HORSE- (KILO- (HORSE- (KILO- PER
(KNOTS) (M/SEC) POWER) WATTSj POWER) WATTS) MINUTE

14.8 7.20 560. 428. 1000. 750. 266.1
15.8 7.72 698. 515. 1238. 928. 285.8
16.8 8.23 868. 640. 1548. 1148. 306.2
18.8 9.26 1310. 988. 2340. 1748. 349.6
19.8 9.77 1588. 1188. 2810. 2898. 370.7
19.5 18.83 1728. 1288. 3858. 2278. 380.9
28.8 10.29 1860. 1380. 3298. 2450. 390.7
28.5 10.55 2808. 1490. 3530. 2630. 400.8
21.8 18.88 2140. 1688. 3778. 2818. 488.8
22.8 11.32 2488. 1798. 4228. 3150. 426.3
24.0 12.35 2948. 2198. 5128. 3828. 459.3
26.8 13.38 3508. 2618. 6838. 4508. 489.8
28.0 14.48 4168. 3188. 7868. 5268. 528.5
38.8 15.43 4918. 3668. 8258. 6150. 551.8
32.8 16.46 5788. 4258. 9548. 7118. 582.6
34.0 17.49 6548. 4888. 10840. 8090. 613.8
35.8 18.81 6978. 5288. 11538. 8688. 629.1

SHIP EFFICIENCIES(FTA) THRUST DEDUCTION ADVANCE
SPEED AND WAKE FACTORS COEF.
(KNOTS) ETAD ETAO ETAH ETAR I-T I-WT I-WO JT

14.0 0.568 8.655 8.845 1.818 0.820 0.978 0.975 0.865
15. 80.560 8.655 8.858 1.885 0.835 0.988 0.988 0.878
16.8 8.568 8.655 0.868 8.995 8.845 8.985 8.988 8.865

18. 80.568 0.655 0.875 8.985 8.865 8.998 0.985 8.868
WI 19.0 0.565 8.658 0.880 8.985 0.875 8.995 8.998 0.868

19.5 8.565 8.658 8.880 8.988 0.888 0.995 8.998 0.868
28.8 8.565 8.655 8.885 8.988 8.885 1.888 8.998 8.865
28.5 0.565 8.655 8.898 8.975 8.885 1.888 8.998 8.265
21.8 8.565 0.655 8.895 8.978 8.898 8.995 8.985 8.865
22.8 8.578 8.655 0.895 8.978 8.895 1.088 8.985 0.878
24.0 82F75 8.655 8.985 8.965 0.905 1.888 0.985 8.888
26.0 8.598 8.655 8.928 8.965 8.915 8.995 8.985 8.895

, 28.8 8.598 8.655 8.938 8.965 8.925 0.995 8.980 8.988
30.0 0.595 8.655 8.945 8.968 8.935 8.998 8.975 0.918
32.8 8.595 8.655 8.958 8.968 0.948 8.998 8.975 8.915
34.8 0.685 8.655 8.955 8.965 0.945 0.990 8.975 8.925
35.0 8.685 8.655 8.968 0.965 8.950 8.998 8.975 n.938
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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 MEMURANDA, AN INFr)RMAL 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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