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1. INTRODUCTION

This report presents the results of resistance and self-propulsion tests
performed with a model of the Mohole Drilling Platform. The general arrange-
ment of the prototype 1s shown in Figure 1.1 (Brown and Root Drawing 1-T-10002).
Size of model was selected on the basgis of propeller diameter. To avoid sig-
nificant scale effect in propeller performance, the propeller diameter was made
equal to 7 in. (16'-0" full size) which led to a model scale ratio of approx-
ixmately 27.5. Under these conditions the size of the model was such that
a blockage effect existed when towing the model in the model basin. On the
basis of past experience with conventional ships this blockage effect was es-
timated to increase the resistance by about 3%.

In addition to testing the platform, the performance of the steering
propulsion unit was also investigated as part of this test program. The ar-
rangement of the steering unit prototype is shown in Figure 1.2. The model
was bulilt to a scale ratio of 7.5 which made the propeller diameter 9.2 in.
(5'-9" full size). ‘

In outline the total test program conducted is as follows:

1.1 Measurements of steady state resistance, side force yaw, trim and
heel moments under the following conditionsg:

1.1.1 28' draft (transit condition) at headings of 0°, 10°, 20°, 90°,
and 180°, and at speeds up to 12 knots for headings of 0°, 10°,
and 20°, up to 4 knots for 90° heading and 8 knots for 180°.

1.1.2 70" draft (drilling condition) at headings of 0°, 10°, 20°, L5°,
90°, 1%35°, and 180°, and at speeds up to 8 knots for headings O°
and 180°, 6.5 knots for 10°,5.0 knots for 20°% and 4.0 knots for
headings for 45°, 90°, and 135°.

1.2 Self-propulsion tests of the platform, in which propeller torque,
thrust, and rpm of both propellers were meagured in addition to quantities
"listed under 1.1, under the following conditions:

1.2.1 28" draft (transit condition) at headings of 0°, 20°, and 180°,
and at speeds up to 12 knots for 0%, 9 knots for 20° and 180°
with propellers operating astern and 6 knots for 180° with pro-
pellers operating ahead. Propellers run in lncremental steps
up to maximum power of 8,000 hp.

1.2.2 70" draft (drilling cordition) at headings of 0°, 20°, L45°, 135°,
160°, and 180°, and at speeds up to 6.3 knots for 0° and 180°,






T°T "3Td

,O-812

RGBS

]

< ®sdum, 2i1xg ——5

1
U112 HY
L0V o,

<.

quswBeg jesimeuds |’

- exes

o=

Twiza -

|
i
1

LTI (U
VSR e

X, 11ey3Q 398
: il

Q_ |1e3a 298

AN

B

podiocd

ZREN

(re=dfi) i+ /

P

¢ SN

Ax_,__wuimkyw.uy_m —

+s3~f
4

y_/ O 5P

(eadfu)eaditia zixs

(e2dfy) $ 0

L4

ossiz

© - P | area K | o022 J..@og.o_ o ’ W
NOISIAZH ATINION ‘aw qomd 2uv0 A NMV¥Q !
. T3QOW ' 1S3L NOISIAd0d4d
200011+
e B
- 3TOHOW ! worei/ e O] SOPUN Sunsen 3
o,.w..mnu:.u..wz SYVX3L'NOISNOH  "ONI LOOM B NMoud | | Jhnrnloeui.w s e ) S s Py
YRS W . 314038d J44iS
I3 NOII53S Uoryses moq acy «4-G, NOLLO3S uolyoRs UAmS a0y [owosw

LO-0%T

SEoY

(X352

-
-

—

r

“Ezaisecseva oy
T3225N O on winé N d314100)

Hid Biwma AV

$59aT 2MAYET 440 GreoN

B

$,05¢

pofding paidouni
: LO-YE

OB <ion brmy

T AR ISR

B

JUIR

ECENNTOIRES

2ied e,

T -NOLIGNDD DINYNAQ NI QaTVAS F

TOILLIGNGD D1YS NI DNIADONE 3323 ATWILNASST
QEIDMICIN ATIVILEYA SNWNIOD $,08 TV 40 WOLIOD

SOTORL

Y/

wo-pee







GUIDE RAILS

POWER & CONTROL CABLE

ad
;

v

9-0'LD. TUBE —>

DRIVE WORM —H—rt
THRUST BE ARING—H

LOWER SEALING | &
G-LAND_—————":H §§,‘ 1\

GEAR HOUSING
SEATING PAD

o L—WATER TIGHT CAPSULE
GUIDE ROLLERS—fhud
i i L—ACCESS HATCH
PROPULSION ;i g 40
MOTOR ————— || /| [ ¥
i B4
RCTATION I MOTOR FOUNDATION
MOTOR———_ 1 |/ 4—UPPER SEAL GLAND
MOTOR DECK ——H g v st e
ROTATION ‘ j e 1 —FIRST STAGE REDUCTION GEARS
-1
)

n S \_,\..\\. SV f - sBASELINE

g O.y COVER PLATE ..  e—f——— SHAFT CENTERLINE
7/ T !
: : | m—PROPELLER & NOZZLE

| SUPPORT STRUT

~ N ! 3

> o P e SECOND STAGE REDUCTION

26 e X GEAR POD

= N o|m

x I =

O

3 u NOZZLE SUPPORT

STRUCTURE
Y . /7

CONCEPTUAL SKETCH OF RIGHT ANGLE DRIVE UNIT

DETA | ]__ B A (NO SCALE)

Fig. 1.2




4.75 knots for 20° and 160°, and 3.75 knots for 45° and 135°.
Incremental power loading was done in a manner similar to the pro-
cedure used under 1.2.1. At angles above 90° the model was also
tested with propellers operating astern.

1.2.3 "Bollard pull"” in drilling and transit conditions at speeds of
about one knot and over the range of angles covered under 1.2.1
and 1.2.2. Propeller was run at near maximum power.

1.3 Open water tests of steering propulsion units at headings of 0°, 30°,
60°, and 85°. The unit was tested over a complete speed range from bollard
to free wheeling (no thrust) at constant rate of rotation. Both 600 and 800
rpm were used and it was verified that no noticeable Reynolds number effect
existed.

The steering propulsion unit was also tested under bollard conditions
when placed under a model simulating the platform hull. The axis of this
model was always transverse to the towing tank whereas the steering unit was
tested at all heading angles listed above. Furthermore, performance over a
small range of advance coefficients was investigated.

1.4 Open water tests were performed with both main propulsion propellers.
The propellers were tested operating in a nozzle of the same dimensions as
the nozzles designed for the drilling platform except that the angle of attack
of the nozzle foll section was reduced to make it equal to the value given by
Van Manen for unobstructed inflow conditions. The force on the nozzle was
not measured. The nozzles were considered an integral part of the drilling
platform and were, therefore, built as fixed appendages. Both propellers were
tested at straight inflow conditions and one propeller (left hand) was tested
at an inflow angle to the propeller axis of approximately 10° and 20°. It
was found that within this range of angles the propeller characterigstics were
not significantly altered. Free-wheeling propeller tests were also run to
determine the velocity increase at the propeller disc produced by the nozzle,
and also the change in average velocity due to a non-zero angle of inflow.
Free wheeling propeller tests were also run with the propellers in their normal
running position which allowed an independent evaluation of advance coeffi-
cients to be made, different from that normally made by comparison of propeller
performance behind the hull and the open water propeller characteristics.

1.5 Deceleration tests were made at drilling platform headings of 0°,
90°, and 180° at 70 £t draft. It was initially intended to conduct accel-
eration tests. A careful consideration of all factors such as the number
of readings, noise level of records and the fact that the towing carriage
does not provide for positive acceleration control lead to the conclusion
that the desired information could most easily be obtained by releasing the
model from the carriage when moving at constant speed and subsequently the
speed of the towing carriage be continuously adjusted to that of the deceler-



ating free moving drilling platform. This scheme was then used during 8 to 15
runs at each of the headings mentioned above. The large number of runs was

necessary to develop a sufficiently coordinated testing pattern by the testing
personnel.



2. MODELS AND INSTRUMENTATION

2.1 DRILLING PLATFORM AND MAIN PROPELLERS

The model was made almost entirely from aluminum. Cylinders were rolled
from 1/8 in. aluminum plate. The vertical cylinders were made in such a way
that their length could be adjusted to the draft of the model. This was nec-
essary to allow the model to fit under the carriage during testing. The two
longitudinal units each consisting of one longitudinal cylinder and three ver-
tical cylinders were connected by three pairs of 4 in. aluminum channels,
bolted together at the joints. The model is shown during testing in Figure
2.1.1.

PROJ%L’GF i

T MOHOLE

| TRANSIT CONDITION
0 DEGREES

120 KNOTS

Figure 2.1.1

Nose and tail pieces were made from laminated mahogany and fastened to
the aluminum cylinders with wood screws.

Propeller dynamometers and drive motors were mounted on a foundation
attached to the tail pieces. Thusg, it was possible to readily remove the
whole tail assembly including propeller drives for installation and alignment.
Fins were made of aluminum plates 1/8 in. thick. The nozzles were turned on
a lathe from a block of Plexiglass. The profile of the nozzles is shown in
Figure 2.1.2. After some difficulties experienced in obtaining aluminum cast-



MAIN PROPULSION FOR MODEL TESTS

NOZZLE

0.025 4

I«—ooosﬂ

NOZZLE SECTION OFFSETS

x/1 x 100 A/% x 100 B/1 x 100 C/4 x 100

0 23 .43 18.33 5.10
2.5 25.89 15.99 9.90
5.0 23.35 11.06 12.29
7.5 22.81 8.87 13.94
10.0 22.26 7.08 15.18
15.0 21.17 4,48 16.69
20.0 20.09 2.6k4 17.45
25.0 19.01 1.43 17.58
30.0 17.92 0.65 17.27
40.0 15.75 0.08 15.67
50.0 13.58 0 13.58
60.0 11.k41 0 11.41
70.0 9.2k 0.12 9.32
80.0 7.07 0.53% 6.54
90.0 L.90 1.10 3,80
%.0 3.81 1.45 2.36
100.0 2.7% 1.78 0.%5

NOZZIE SECTION IS MODIFICATION OF VAN MANEN NO. 18

Sketch RT-117-01
27 December 1963

PROPELLER
I Bladed Kaplan Type (K4-55)

Diameter 16'- O"
Pitch l}'—ll"

Figure 2.1.2
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ings for the main propellers, it was decided to manufacture them entirely by
hand from a block of magnesium. This proved in general to be a success, al-
though a check of finished propellers revealed that the left hand propeller
was about one half percent overpitched and the right hand propeller about
5-1/2% overpitched. The difference in pitch is thought to be mostly due to
release of built-in stresses. The performance characteristics of the two
propellers are completely compatible, however, in that one curve can be cal-
culated with sufficient accuracy from the other simply by taking the pitch
variations into account.

All dynamometers for measurement of the forces and moments acting on the
platform were attached to a 4 in. x 4 in. wooden beam which was always oriented
along the carriasge centerline.

The drilling platform was attached to this wooden beam, and was rotated
around a bolt located at the intersection of the longitudinal centerline of
the platform and the transverse centerline of the middle vertical cylinders
when tested at non-zero heading angles.

As a result, test data refers initially to the carriage coordinates.
These correspond to what may be considered the flow coordinates and the force
components measured in the horizontal plane are therefore designated Drag and
Lift. Decomposed to the platform coordinates the forces are referred to as
Resistance and Side Force. Figure 3.0.1 illustrates these coordinates.

Yaw moment is taken with respect to the bolt location referred to above.
Other moments are those of trim and heel. During deep draft tests it is in-
evitable to introduce trim and heel moments because the tow bar and side force
attachments are located about 15 in. above the water surface on the model. A
system of loading and unloading weights at specified points was therefore de-
sired so that the model would remain essentially horizontal during testing.
The magnitude of the corrective moments when applied were recorded. In no
cases were they found to be required under transit conditions and neither did
the self-propelled test ever cause any significant trim and heel conditions,
except under drilling conditions when propelled opposite to direction of mo-
tion. Even under these severe conditions the trim and heel moments were not
excessive.

It is fairly safe to conclude that heel and trim due to hydrodynamic
drag and lift together with propeller thrust should not be of much concern
in the case of the full size platform.

2.2 POSITIONING UNIT

The overall model design is shown in Figure 2.2.1. Because this figure



includes both dynamometer parts in addition to the steering unit itself, a

Figure 2.2.1

few words of description of the various parts are in order. The steering
unit tests were designed to measure side forces at non-zero hééding an-
gles as well as the force developed in the direction of motion, all as

a function of torque, propeller rpm, and carriage speed.

To accomplish this, a platform was suspended by four leaf springs, one
at each corner, from two transverse channels fastened to a floating beam dyna-
mometer which was already available. The leaf springs allowed a fairly free
lateral motion relative to the longitudinal dynamometer beam. Load cells in-
troduced to restraln this motion would therefore measure almost the entire
lateral force, thus providing good resolution of data. The entire system is
linear and the complete dynamometer was calibrated by applying known side
forces statically to the platform. Because two load cells were used, one at
each end of the platform., it was hoped that turning moments could be evaluated
from the record. In thig respect we were disappointed, however, when final
calibration revealed that the separation of forces between the two load cells
depended upon the moment of forces around a longitudinal axis.



The drive motor and torque transducer were located on the platform. The
propeller was driven through two pairs of bevel gears (1:1 ratio). Since the
propeller was to be tested at various heading angles, it was found necessary
to make the vertical strut in two parts; The upper part was fixed, and all
the data were corrected to compensate for the fixed portion of the strut.

The steering propulsion unit model is shown in greater detail in Figure
2.2.2.

U OF M
PROJECT MOHOLE
POSITIONING UNIT

;REES

Figure 2.2.2

The diameter of the aluminum propeller was 9.2 in. and the Plexiglass
nozzle was made in accordance with dimensions given in Figure 2.2.3 allowing
a l/32-in. clearance between propeller blades and nozzle. The principal
prototype propeller dimensions are also given in Figure 2.2.3.

The propeller axis was located at a depth of about 17 in. below the free
surface during testing. This depth was increased during the testing of the
gteering propulsion unit under the semi-cylindrical chell which simulated the
drilling platform hull.

This semi-cylindrical shell consisted of a masonite sheet wrapped around
a wooden frame made to dimensions given in Figure 2.2.4. The shell was at-
tached directly to the carriage. No contact existed between steering propeller
unit and shell.

It has already been mentioned that dynamometer forces were calibrated
by applying forces directly to the dynamometer. To this should be added that

10



STFERING UNIT PROPULSION FOR MODEL TESTS

NOZZLE 0.86 |IN.

0.3I IN.

34. 5 IN.

KORT NOZZLE FOR POSITTIONING UNITS
MOHOLE DRILLING PLATFORM

NOZZLE SECTION OFFSETS

x ~ in A~in B~ in C~in
0 7.90 6.14 1.76
.86 8.071 4.65 3. Lo

1.72 7/89 3.65 L.ok
2.59 T7.71 2.90 L.81
3.5 7.53 2.29 5.24
5.18 T.17 1.40 5.77
6.90 6.82 .78 6.04
8.62 6.46 37 6.09

10.35 6.10 17 5.93

13.80 5.39 0 5.39

17.25 L. 67 0 L. 67

20.70 3.96 0 %.96

- 24,15 C3.95 .12 3,13

27.60 2.53 .28 2.25

31.05 1.82 .52 1.30

32.78 1.46 .65 .81

34.50 1.10 .81 .29

NOZZLE SECTION IS MODIFICATION OF VAN MANEN NO. 18

Sketch RT-117-Ok4
20 March 1964

PROPELLER

i Bladed Kaplan Type (Kui-55)
Diameter 5'-9"
Pitech 5'-0"

Figure. 2.2.3
11
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the torque dynamometer was calibrated dynamically against a calibration gen-
erator. ©Since this generator was attached directly to the propeller shaft
during calibration, it was possible also to evaluate the friction loss in the
bevel gear drive as a function of load and rpm.

13



3. DATA AND FULL SCALE PERFORMANCE PREDICTIONS

Before referring to the detailed test results it may be advantageous to
list here definitions of all symbols used in the figures. These are as

follows:

Towing Tests

. Component of hydrodynamic force in pounds on the platform par-
allel to the direction of motion. Positive D is in direction
opposite to Vi vector.

Component of hydrodynamic force in pounds on the platform per-
pendicular to the direction of motion. 'L is positive if it
is at an angle of + 90° to V.

Yawing moment in foot-pounds acting on the platform measured
about the intersection of the fore and aft centerline and the
line connecting the centers of the middle vertical cylinders.
Positive moments are counter-clockwise.

Component of hydrodynamic force in pounds on the platform
parallel to the longitudinal centerline. Positive R acts
opposite to the direction of the component of the Vi vector
parallel to R.

Component of the hydrodynamic force in pounds acting on the
platform perpendicular to the longitudinal centerline. Pos-
itive S acts at an angle of + 90° off the bow.

Speed of platform in knots.

Angle of model to flow in degrees. Positive € is measured
clockwise.

Open Water Tests of Main Propulsion Propellers

Diameter of propeller in feet.

Revolutions per second.

14



Kt

Pps 1oty By 5p

t

SHP

Propeller thrust in pounds.
Propeller torque in pounds.
Velocity of advance in feet per second (carriage coordinates).

Density of water in slugs per cubic foot.

v
- Advance coefficient, E%

T

Thrust coeffilcient, EEE—EZ

Q
Torque coefficient, EH§7§§
Kt Ja

Kq en

Propeller efficiency,

Velocity of model in feet per second (carriage coordinates).

Self-Propulsion Tests

Hydrodynamic forces on the platform with the propellers run-
ning. They are defined exactly the same as the un-subscripted
forces.

Total propeller thrust in pounds along propeller axis.

Propeller-hull interaction force in pounds. Positive t in
the same direction as Tp.

Total shaft horsepower.

Other symbols used in this section have been previously defined.

15



Pogitioning Unit

T Force component exerted by unit parallel to Vg, vector. Pos-
itive T is in same direction as Vg.

Fg Force component exerted by unit perpendicular to Vi vector.
Positive Fy acts at an angle of + 90° to Va.

T
Kt Thrust coefficient, EEET;;

F
Ks Side force coefficient, =-3-3%

Dp Drag of the nozzle and strut in pounds with the propeller
freewheeling. Positive D, is in direction opposite to Va
vector.

L, Lift of the nozzle and strut in pounds with the propeller
freewheeling. Positive Lp is in direction + 90° from Vg
vector.

Other symbols used in this section have been defined previously.

Figure 3.0.1 illustrates clearly the definitions of the forces acting
on the platform.

Although all tests are parts of the same overall program it soon became
convenient to refer to individual sections almost as separate programs by
themselves. This breakdown has been carried over into this report as follows.

3.1 TOWING TESTS (EHP TESTS)

It was stated in the introduction that size of towing tank (maximum width
of 22 ft) imposed an upper limit on model size. This was much in evidence
when testing at angles of around 45° yaw. Initially, it was thought that at
these large angles the blockage would be gquite significant. A careful look
at the streamlines around the ends when testing under transit conditions re-
vealed that the flow around the longitudinal cylindrical hulls had become,
to a large extent, two dimensional, however, and the blockage effect was not
Judged to have been greatly changed due to large yaw angles.

A more serious question may be that concerned with Reynolds number effects.
The strange behavior of circular cylinders as a function of Reynolds number is

16



FIGURE 3.0.1
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well known as is the conclusion reached from it that it is imperative to make
the boundary layer flow turbulent some distance ahead of maximum beam. To
accomplish this, wide longitudinal strips of coarse sandpaper were glued to
all cylinders every U5° of circumference. We are quite confident that these
strips did perform satlsfactorily. Previous tests with two models of an oil
drilling platform made to different scale ratios indicate that the laminar-
turbulent transition takes place at a model size considerably smaller than
that of the Mohole drilling platform.

It is also of interest to note from Figure 3.1.21 that extrapolation of
data by the usual ship method using the ATTC friction line gives results only
a little below the simple N3 extrapolation. The nature of the flow is probably
such that a A% extrapolation (hydrodynamic forces proportional to the square
of the velocity) is a better approximation than the ATTC method. In essence
it implies that the resistance is independent of the Reynolds number. In
this report the A3 extrapolation is used throughout. A 3% allowance has been
made for the difference in density of salt and fresh water, A different flow
geparation problem of interest is that occurring at the transition between
the longitudinal cylinders and the stern sections. This problem was studied
to some extent both in the transit and drilling conditions. The separation

Figure %.1.0

The picture was taken with aluminum powder on the surface and the dark area
indicates the wake region behind the points of separation. A floating par-
ticle in this region would sometimes follow the model the whole length of a
mnl

18



The situation does not appear to be quite that serious under drilling
conditions. Separation could here best be observed by injecting aluminum
powder mixed with alcohol through a tube into the flow. Separation seemed
to occur half way aft on the stern section, but with the propeller working
the flow appeared to be stabilized.

Figures 3.1.1 through 3.1.10 show the performance of the platform during
transit conditions (28 ft draft). Figures 3.1.11 through 3.1.20 cover the
same for drilling conditions (70 ft draft). Figures 2.1.22 and 2.1.23 give
the results of the deceleration tests (7O ft draft). These results are a
little startling. A priori it was expected that the deceleration would -be
smaller than that obtained from Newton's law using the steady state drag as
a force. The reason for this was based on the idea of the hydrodynamic mass.
Results show, however, that at 0° heading and at speeds close to release
speeds the deceleration measured is higher than expected. The platform was
apparently adding to the fluid rather than recovering from it kinetic energy
as it is slowing down. The behavior is as expected at the lower speeds and
also for 90° heading. This phenomena may need further investigation.

. 3.2 OPEN WATER TESTS OF MAIN PROPELLERS

Propeller tests were made with the propeller boat in the usual manner
except that a Plexiglass nozzle was attached to the propeller boat. Only
forces acting on the propellers were measured.

The characteristics curves of the right hand propeller are shown in
Figure 3.2.1. This propeller, being about 5-1/2% overpitched was tested only
in axial flow. TFigure 3.2.2 shows the same curves for the left handed pro-
peller in addition to those obtained for 10° and 20° angle of flow relative
to propeller axis. It is interesting to note that the propeller performance
is for all practical purposes not influenced by inflow angles up to at least
20°, which was the maximum angle that could be investigated without modifica-
tion of existing testing facilities. TFree wheeling test results given in
Figures 3.2.3 and 3.2.4 reveal that the nozzle serves as a very good flow de-
flector so that the average velocity of the flow at the propeller disc is
fairly constant with respect to angle of inflow over the range of angles con-
sidered.

3.3 SELF-PROPULSION TESTS

The objective here was to study the change of dynamometer forces as a
function of shaft horsepower output of the main propellers. The same quan-
tities were therefore measured as under Section 3.1 and plotted versus SHP,
with angle of heading as a parameter. SHP was obtained directly from the pro-
peller dynamometers installed in the model. The dynamometer in the starboard

19



unit measured torque, thrust and rpm whereas a rented dynamometer in the port
unit only measured torque and rpm. The speeds of rotation of the two pro-
pellers were adjusted to correct for the difference in pitch. As expected it
was found that the propeller nozzles were developing a significant thrust
force. Unfortunately, we were not instrumented to measure this force by it-
self, but it was possible to calculate by the use of the propeller curves a
thrust interaction force which would include the nozzle thrust and the force
normally referred to as thrust deduction. This interaction thrust can be either
positive o1 negative and several non-dimensional ratios can be formed by
dividing it with other forces acting on the platform. Because of this mul-
tiplicity of choice it was decided to plot only the measured dimensional force.

The extrapolation of the SHP data to the ship scale was carried out in
the standard manner with one exception. DNormally, in SHP tests, a small cor-
rection is made in extrapolation to account for Reynolds number effects. As
previously stated, Reynolds number effects were found to be negligible with
this model. Thus thrust is extrapﬁlated accordigg %o X5 in the same way as in
drag. Torque is proportional to A" and rpm to A ~° Since SHP = constant x

torque x rpm, shaft horsepower is proportional to A '5.*

Self-propulsion tests were run at several headings under both transit
and drilling conditions. Figures 3.3%.1 through %.3.1% cover the transit con-
dition, whereas Figures 3.3.1L4 through 3.3.48 refer to tests performed at the
drilling operation draft of 70 ft. Figure 3.3.49 shows the platformperformance
at bollard pull.

3.4 STEERING PROPULSION UNIT

The steering propulsion unit has already been described in some detail
under Section 2.2. Nondimensional plots of propeller characteristics are
shown in Figures 3.4.1 through 3.4.15 covering tests with and without sim-
ulated hull model in place.

In reducing the test data it was at first believed necessary to add to
the thrust force in the flow direction the drag of the strut and the nozzle.
Because it was thought that this drag, being primarily due to the boundary
layer and eddies, would not behave as a potential flow. However, it was found
that non-dimensional coefficients calculated from total measured forces ob-
tained from runs at constant values of the advance coefficient but at two
different rpm's (600 and 800) would plot on the same curves. It was, there-
fore, decided that it would be most suitable to use total measured forces.

The force acting on the unit without the propeller in place is given in Fig-

ure 3.4.15.

¥Principles of Naval Architecture, Rossell and Chapman, Vol. II, S.N.A.M.E.,
Chapter 3. ' :

20



A1l variables are referred to the flow coordinates, i.e., the thrust
coefficient is evaluated from the force measured in the direction of inflow
(direction of motion in the stationary.fluid). Performance characteristics
can easily be transferred, however, to the coordinate system fixed in the
positioning unit, or any other coordinate system in which magnitude of force
components are needed, by the use of Figure 3.4.9. A line in this figure
extending from origin to a point on a contour of constant © represents the
total force coefficient at a particular value of the advance coefficient.
This force coefficient can then be decomposed into any two directions. In
Figure 3.4.9 the vertical axis represents the thrust coefficient in the
direction of flow and the horizontal axis represents the side-force coeffi-
cient. Contours of constant values of advance and torque coefficients have
been added to the figure so that in reality it represents a complete per-
formance chart of the steering propulsion unit.

21
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RESUILTS OF BOLLARD PULL TESTS

Vk = 1.0 knots
28' Draft
Angle; °  FRPM  SHPx10™ Dpxlo‘5 belO'5 RpxlO'5 spxlo'5 MpxlO'6
0 131.35 16.874 -5.095 0 -5.0% 0 0
20 127.19 16.616 _—— _—— —— ——- ————
L5 131.00 16.462 -3.348 %.868 -5.10% .368 1.716
135 127.38 16.696 4.305 2.912 2.460 168 12.582
160 127.00 15.926 5.075 - 562 L.577 2.263 - 2.57h
180 129.75 16.684 5.407 0 5. 407 0 0
70" Draft
Angle; °  RPM sEPx10”  D.x10™ 107 X107 107 10'6
ngle; X X pr Rp pr MPX
0 132.72 18.116 -5.165 0 -5.165 0 0
20 132.72 18.201 -4.640 1.851 -4.991 .153 3,717
L5 132.72 18.901 -2.912 4.388 -5.162 1.04L 5.43%
135 132.72 18.620 4.53L 3.182 5.456 .56 7.72L
135 Rev. 132.72 15.623% - 312 -2.724 -2. 147 1.706 2%.735
160 132.72 18.543 5.511 BT 5.506 .986 7.435
160 Rev. 132.72 14.676 -1.456 -1.270 -1.788 .655 8.865
180 128.26 16. 414 5.345 0 5.345 0 0
180 Rev. 127.57 12.523 -1.581 0 -1.581 0 0
Fig. 3.3.49

98



HE

0.8

0-7

0.6

0.5

0.2 0.3 0.k J
99

O.]

0.4

0.3

0.2

"00]

-0-2

-003

-0.4

«“0.,5

"'006



Y

90°

80°

i
i
T
1
t

70°

b
us

T

1

Finy N arary}
L N

Y

Ly
thuma.s

T

T

¥

60°

50°

0
LLO9

30°

0

2

100

Sisiess:
: ,
e ] ]
e :
:
kit i /
[ fioen oy
s R
o :
n.ﬁw.,Jw I |

0.5
0.4
0.3
0.2
-0.3
-0.4

0.1
K
-0.1
-002

-0.5



| 0.9

nona

THTE H

Tt ﬁ
T
ans
TTT
RS

Ay

0.3

Ok

03

.02

01

0’5 0.6 037 0.8

0.b
101

0.2

01' ’



i
éﬁj = au
0 Ok
0.03 3
5
K
q
0.02
0.0
0 o C [} Q0
0 1o 20 30° 40 50 60 78° 808

102



0.7

0.6

0.3

0.2

0.1

0.

0‘

2

0.3

0.k

103

0.5

0.6

0.7

0.8

0.9



0.8

0.5

0.4

0.3

0.2

0.1




0.5

0.4

0.3

0.2

O.]

'003

-0.4

-006

"0.7

™
5!
i HK e
R bk i
} .. T
H | HHH
i i
3 {3
HT
tH
+
!
t
T
T
H
o
H H
“
t
T
|

cons |
e |

0.]

0.2

0.3

0.4

105

0.5

0.6

0.7

0.8

0.9



0.6

0.5

0.k

0.3

-0.]

-0.2

[}
o
L]

A%

"'Oo"r

106

90°



HH
sem T
im ; Q.
Fr .
i
2
3
e
Pt
Bamas, Heg f
aasda ¢
R o
: Esd
- RE o - ; aaasd
4 - T ! 118 1
H = !
SESSEEELE : HET !
b ! t
t T t { T
HH ; H
I jmmnb SRR T 1 e 1 E)
a8 ; i
¢ H
I 2
wn
B .
1
t
t
2 :
=
A H
]
= ~
LEFH f :
an -
gan
o
. . D
b
i
SEERSSSSIESSEEIIgEN H ! 5 ‘ o~
T g5 Baa F ! 2 ;s 5
t T HA T "
- REpdnsgEmneans oor suaRas 3 t HH i
.
Sau 1 ;
[1 I Ii]
HHEH H AR
= ~—
i
*
HbT ] !
¥ ) T 3 s
H H Hit I
A 5 Easud
: HH
aF L

4
.3
o2
.]
t
0
1
2

107



0.9

0.8

. mmE o S
2 o ] E o L
H ; EEERIRSEE R !
o RERasnek : +
- T I
} H

0.6

0.5

0.4

FH Ho on
L]

et o~

0.6
0.5
0.4
0.2
0.1

108



009

(o8]
T . .
o ©
H 31 i HH s
R
R EHERT BHED HH
g H it i~
b H R a2 .
HHH A ajas-oosaussy segee
uns H11HTH sjauas szl 2
3 I HHIH T
2agy) - ST Hal saga
] } By SEE % = TIER. ] 8 au it
H-H T H 1 HHIH N
: £at! >
H ] HIF
i B HH R T RS o
Hehh ot U R R TR Eadd
SSRENECaRRRuhnkgEias SRARERRAN KARERNEES P THH (S
H TR TR A ERESNS (3ESNRNTRIREES frRnsly H 0
agdspay: AT H ulps nuay el e
R T o
b T T TR e i
H T H S5 ]
ik § T HTEHHTE ] -
i EEHTH EUh PR i
Bt B H 1 .h_.
] HH T o
b EETH T H R
un. 58 Fl . T L g4 mr ‘w §
r.“l fisapssay iR ¥ pui 03 107 §
Sagaatandy H mdduagifgpus ugSaiafgygddahjuk . 1
[ | T HH T e e e s ga3 2u
H Eishiyraeps & - HH
BeREpRanagbsbypmas kv SoEE i H AR o
HitH HT A Hid: HHA FHH
I P R B g R R R L HH
piissssangpss: ik R H
i A R ] o~
H T Ll H N
3 0 P -
H s o
HgERazRachaRES H RERE
111 HH T E T AR
b Fr T HE T
H R A e R —_
I driteicsisatIEcaEs -
A T B e e R ., o
mayERanas HH
E EREE £ dRasaEaREsEs
rri
g=1 B EHH HHH
il HHH
: i o

0.k

0.3

0.2

0.]

-O.]

-002

'003

109



0.7

0.6

005

0.4

0.3

0.2 i

0.]

&1
|||||

|||||

0.1

0‘2

0.3

110

0.6

0-7

0.9

9



0.7 k&

i

0 . 6 HHEH

0.5 H

0.4

0.3 H

0.2

0.1

-0.1Fiz

0.6

0.7

0.

0.]

0.2

0.3

111

OoLl' J 0‘5



0.2

0.1

ﬁ N}
£ 4
Lo
o
HE e
ilideiiins 2
EJ::
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

112




i

o

‘o

X1

L, (1bs)

o
=i3isaii PN

113



ADDENDUM

STEERING UNIT PROPELLER

.5R Pitch = 7.850"
./R = 7.856'"
.9R = 7.905'"
For a-% = .875 and DIA. = 9.2 the required pitch is
PR = .875 x 9.2 = 8.05"

Using an average actual pitch of 7.87'f the propeller is
underpitched by

(iﬁ - 1) 100 = 2.3%
7.87

To conwert the given torque coefficient to the correct
geometry propeller it is necessary to multiply values given
in the graph by (1.023)2 = 1.0465. However, the new K

should be plotted at an advance coefficient which is 2.3%
greater than the value read from the figures.

A much easier procedure is to simply calculate
the torque and thrust from the graphs and apply these to the
correct propeller rotating at a 2.3% slower speed than the
model propeller.
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