
t u- sei , 1 .. i" 7 a7; / \'t,.(1 r( Y/.s l~. '
h^ . }s1+, , /J p P .yf ' 1."- s/ . -t- - -

l
Y" )fA \ ( 1 , t'.' ''r i 4 /. ' . /

.. -_ - ..

- .

.

' 
1.

. ; . -_

._ 
, .

.7 . '

.r

/

1 lT -

s r

fIe a

;

'y, 
s

.. 0"
.

i -.. ,

- - -- :

Naval1 A -chi.tectu-reand Marine Engi neeri n~g

/ 11 'r t

r . , r

*STUDY OF TW IN-ANDD TRP L~ CE YTM

.,.FOR 4iCEBEREAK ER=S

,7!f

,,

r

t;

.i ,

''

i ;

J 
, .f,.

; _

r,.

' ;

-:r

Horst N owa ck i
Jacob Abel1
Ha rj t t S. Chopra

j
" r

VN

.. .

.

ORA P roj ect 0$12j]

' . \

"Y ,

' " ; 
1. 

_

f

Y

;. , 7

' '_.

'i

,\

... /

_ .

,. . .

"1.

i

_ , ;
. !, -

- . __

'-\N Prlmn ay Report for:

:U:. S. Coe st Guard
"" ; -.

f"

i

,= 

'

'N - Nl
v

. i : :.a
' _ . .

, ,
= :

Adrrnit~re4

thrrdd
J., 

t.. V

Juy1966

I+ y 1 . !
. (N r 4 _



(AR 340-15)
REFERENCiE Or OFFICE SYMOLSUJC

NCEED-PB Great Lakes De-Icing Study Meeting with Canadian

LDepartment of Transport

TO FROM DATE AT I
Files 2LT F. Freestone 10 September 19

LT FREESTONE/tjp/314

1. Persons present:
U. S. Army Corps of Engineers :
Mr. Robert McKee, Ass't Chief, Planning Branch, Buffalo District
Mr. Philip McCallister, Chief, Planning Branch, Detroit District
Mr. Carl Argiroff, Chief, Navigation Section, Detroit District
Mr. John Borrowman, Consultant, Detroit District
2Lt. Frank Freestone, Planning Branch, Detroit District

Canadian Department of Transport:
Mr. Gordon Stead, Ass't Deputy Minister of Marine Services (opening remarks)
Mr. Donald M. Ripley, Director, Marine Hydraulics (chaired meeting)
Mr. Ralph H. Smith, Chief, Hydraulics Studies
Capt. George C. Leask, Chief, Marine Traffic Control
Mr. A. D. Latter, Superintendent of Pilots
Mr. John N. Ballinger, Ass't Director of Marine Works
Mr. A. Stockdale, Marine Regulations, Nautical
Mr. John Stewart, Marine Operations Planning

St. Lawrence Seaway Authority:
Mr. A. M. Luce, Director of Operations
Mr. Ronald Quail, Ass't Director of Operations
Mr. Walter Webb, Chief , General Engineering Section

2. Mr. Gordon Stead made opening remarks.

3. Mr. McCallister: Briefed the meeting on the purpose, extent, and assumptions
of the subject study. Presented somewhat "pessimistic" view of immediate
extension of navigation season. Cited conflict of navigation and power.

Mr. Ripley: The Canadian view is "optomistic", and we are working our way
in from the Gulf. This does not include the Seaway - DOT has responsibility
for the lower St. Lawrence below Montreal; above Montreal is a Seaway problem
and will let the Seaway Authority people speak on their own behalf . Cited
Quebec and Montreal as being "opened up", in response to pressure from private
industry. The Seaway was designed on the assumption that it would not be a year-
round operation. Power operations are a real obstacle. Mr. McCallister
mentions icebreakihg ., what about other methods of .de-icing?

Mr. McCallister: We have investigated all means of de-icing, by a search
of the world's literature. We have prepared estimates of costs of bubbler
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SUBJECT: Great Lakes De-Icing Study - Meeting with Canadian Department

of Transport

systems and dusting operations. We have a research program concerning

thermal check valves being conducted under contract by Lake Survey.
We have contacted AEC regarding atomic power plants located for

favorable discharge of thermal rejections. We think of methods other
than icebreaking as being complimentary to icebreaking. What are your
icebreaking operations?

Stewart: Gulf of St. Lawrence operations started in 1959. Shipping

wanted to come into this area. We now receive about 600 ships per

season, of which about 250 are ice strengthened. 30 to 70 ships per

season become beset in ice, and some of these ships are ice strengthened.
There is little record of ice damage to ships, and since even ice

strengthened ships become beset, the case for ice strengthening has

not yet been made. Ice in the Gulf is not strong enough to cause damage.

Labardor ice is harder than Gulf ice. We have a mathematical simulation

model by which we can maximize the use of our icebreakers, and minimize

the mean waiting time of ships wanting to enter the Seaway. The use
of convoys will depend on the frequency of traffic: high traffic
fequency will warrant convoying, low traffic frequency will warrant

independent operations. We have the mathematical technique for making

this decision. The Quebec-Montreal area ice problem is presently
treated as a flood-control problem. Icebreakers are used to open
the season 1-2 weeks earlier, we have plans for extending. The demand

for an increased season on the lakes is economic justification for
research on the problem. We view our icebreaker operations as a pipe-

line problem, the icebreakers are like pumps used to maximize the flow.
Formerly, icebreakers were used only for ice jams, now they give

assistance to shipping. We have 2 icebreakers on the lakes at present,

and are adding the new GRANDVILLE this year. These are 4,500 SHP
medium size icebreakers, and are used to hasten the opening date for
Port Author and prevent blocking of the Welland. They are used as buoy
tenders the rest of the year. We have no plans for adding to this
capability, and are investigating the possibility of moving one out
to the Gulf for the winter, to return to the Lakes in the spring.

We are presently studying the total Coast Guard requirements for the
Lakes, including icebreaking, search and rescue, aids to navigation, etc.
Our study assumes no imminent year-round navigation.

Ripley: Ice surveys and Meteorological input to ice reconnaissance is
the central part of our approach, to the ice problem.

Stewart: Daily DC-4 flights over the Gulf of St. Lawrence provide ice
reports for marine traffic control. Little is being done on the Lakes
for ice requirements.

2
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Capt. Leask: The Marine Traffic Control intelligence on ice is sent
to the two Marine Traffic Control Centers at Quebec and Montreal.
Bulletins and forecasts are put out and made available to ships and
operating authorities on shore. Instant communications is the key
to traffic control. More and better information is requested by the
merchantmen when Montreal gets closed up with ice.

Ripley: How about intellegence on the Upper Lakes?

Capt. Leask: There is no ice intelligence on the upper Lakes. There
is no pressure to carry this on into the upper lakes during the winter
season.

Stewart: Weather flights out of Toronto are scattered.

McCallister: Described efforts of Ice & Snow Project of Lake Survey,
aerial recon, surface exploration (treating ice structure as rock), etc.
What is your experience on aids to navigation?

Ballinger: In the St. Lawrence River from below Montreal to the Gulf,
floating aids are pulled with the onset of ice. We are putting in ranges

in narrow- channels, such that ships can move at night. Presently we
do not have nightime operations. Even the daytime operations are
restricted because the spars are only on one side of the channel. The
paint gets- scraped off by the ice, and a skipper cannot tell which side
of the channel is which. In the Gulf areas, for the last 3 or 4 years,
major lights have been available 365 days per year. In the lakes,
light stations close every fall. We are in the process of installing
new communications stations, which will allow us to use the same light
stations for automation. Lights and automatic fog alarms will be
controlled from a central operating station; 3 lights controlled from
one control station. We will eventually extend the system to the Lakes.
We will incorporate the systems on the lakes, fog alarms and lights.
We are reassessing fog alarms.

McCallister: Vessel operators do not move under adverse conditions.
Cited experience.

Ballinger: We have been looking at transponders for use by ships.
These are active shore stations that emit a signal every two minutes
and require no adjustment to radar sets on board ships. These are
better than reflectors which get "lost" against a background of

3
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buildings or trees, etc. The disadvantages of transponders is that one

can get interference if the devices are spaced too closely on the shore.

They may be useful on range towers, and we are trying this expermentally.

McCallister: Blizzard conditions are real delaying factors; conservative
skippers will hug shore in preference to moving into heavy seas. How
about electronic aids?

Ripley: We are installing an electronic fixing device in Lake St. Peter.
Heavy weather is a real problem - if a day is lost due to poor
visibility, the whole river will freeze over (due to lack of traffic) .

McKee: Do you (DOT) have trouble keeping icebreakers in operation
during bad weather, with thoroughly trained crews?

Ripley: We have generally underrated their capabilities.

Stewart: Two to three years ago we used to stop at night, now we have
100% 24 hour operation below Quebec in the Gulf.

Ripley: A lot depends on the ship operator. Some operate notwith-

standing the conditions. Icebreaking in the lower River was pioneered

by the industry. We helped by ice jam removal.

McCallister: Were those vessels powerful with good bow configuration?

Capt. Leask: Those ships were built specifically for the trade.

McCallister: Does your Coast Guard have any power requirements?

Stewart: We have recommendations, but do not have regulations which
we enforce.

Ripley: Are there any problems with the pilots?

Latter: There is no strong opposition from the pilots to operate 24
hours per day. Every ship carries at least one pilot; most of the
ships are foreign.

Leask: The shipowners "police" themselves . They will not charter

ships that would not hold up to ice operations.

4



NCEED-PB
SUBJECT: Great Lakes De-Icing Study - Meeting with Canadian Department

of Transport

Latter: Two pilots are required for ice operations between December 6

and April 1. Some of the more able ships need only one pilot; the
pilots agree with the owners on how many pilots per ship.

Smith: Discussed conflict of power and navigation in the St. Lawrence

at Cornwall. Normally shipping terminates about time the booms should
be closed due to the weather. At Beauharnois there is a 30 mile canal,
artifically dug, with high current velocities. The requirements of

navigation and power have been somewhat conflicting here.

McCallister: If the booms could be closed with a shore based winch,
one big enough to close during an ice run, would the problems be
mitigated?

Webb: The power plants would probably suffer some losses anyway. Not

being able to close the booms is not the whole problem. With ships
moving, the ice may still jam, or at least reduce the flow of water to

the intakes of the power plant.

Luce: We have investigated separating the power and navigation canals
at Beauharnois, by use of cribs with ice booms between. It would be
very expensive. We announced last January (1969) that the coming
navigation season would be 1 April to 12 December. We can keep .open,
we think, to 15 December, but are allowing ourselves a little breathing
space. We refer to these dates as "firming up" of the season for the
benefit of foreign shippers who want to schedule additional trips into

the seaway without getting trapped. The Welland could go on into

January with no trouble, but Lake Erie would still create problems.
Port Colburn problems are due to the inability to flush ice through the

low-headed lock #8. Beauharnois is a problem area in the St. Lawrence.
By additional efforts we could firm 1 April to 31 December.

Borrowman: Perhaps a thermal plantlocated upstream of Beauharnois
would reduce the ice blockage of the intakes of the run-of-the-river
plant and make up any head loss that did occur.

McCallister: There are many factors to the location of a power plant.

0
Ripley: An incentive (tax) to the location of thermal plants might

help. The Canadians are wary of any ice condition that might reduce
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the flow from Lake Ontario. The level of the lake is critical, and
is subject to regulation by the IJC. The flow regulation of water
and broken ice in combination is difficult, and navigation would not
make it any easier. The ice boom at Beauharnois was installed through
agreement with the DOT, however, the agreement did not anticipate
winter navigation. There is no economic pressure to -bear as to who
has the priority - power or navigation. Economics will determine
precedence. When time comes to close the booms, the merit of not closing
them must be examined.

Luce: The stage of accuracy of forecasting will determine, to a large
measure, how firm a "guaranteed" date for opening or closing will be.

McCallister: At the hearing on extension of the season, overseas
general cargo shippers made the point repeatedly that with a firm
season they could schedule a third trip per year into the Seaway.
Presently, they do not present themselves at the Seaway until late
April or May. Now that you have announced firm dates for the Seaway,
have you noticed any increase in the number of overseas shippers?
Does your data show three trips?

Luce: We cannot tell yet. We'll let you know after we analyse the
data.

McCallister: Is there any pressure from Canadian shippers to have the
season extended? Could we send Canadian shippers a letter similar to
the one that we sent to U. S. shippers, inquiring about their ice
season plans?

Ripley: There is no pressure that I am aware of. I will advise you by
letter about inquiring of Canadian shippers. There have been no formal
requests by shipping interests to extend the season) only informal
comments and questions.

McCallister: What about a joint icebreaking venture in the event of an
extended season?

Stewart: Icebreaking will be put into the total requirement picture of
the Coast Guard, and will be utilized to its maximum benefit.

6
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McCallister: The question of the conflict of power and navigation is
still unresolved. In our report we cannot propose a solution to the
problem at Beauharnois and Cornwall. The problem is an international
one, and we cannot make recommendations to Congress without fully
conferring with you. Conversly, we cannot slight or ignore the
problem.

Ripley: Up to'this time, the booms have been installed at the time
when'navigation normally shuts down due to ice. Ontario Hydro and
Hydro Quebec have been quite cooperative with us, and our relations
with these organizations are good. Aggrevation of the ice problem
in the St. Lawrence will aggrevate the flooding of Lake Ontario;
Consider your problem in light of these aspects.

2LT. Freestone
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PRINCIPAL DIMENSIONS

Length Overall
Length -for Classification
Length on Keel
Be em, Molded
Depth at Side, Molded
Sheer, Forward
Sheer, Aft
Caxnber of Spar Deck
Deadrise
Bilge Radius
Tumblehome
Keel Below Molded Baseline

620' -O"t

605' -0"
595'-0"
60' -0"
35'-0:r
71-7 3/41"
4'-2 1/2"
15"
3"
31-91t
9"
3/4"

ADMASUP MENT DATA

Port of Registry
Registered Dimensions
Builder

Builder' s Hull No.
Year Built
U. S. Maritime Commission~ Design
U. S. Maritime Commission Hull No .
Official Number
Gross Tonnage
Net Tonnage

Wilmington, Delaware
604.8' x 60.2' x 30.2'
American Shipbuilding Co .,

Cleveland, Ohio
1009
1943
L6-S-Al
569
243612
8758
6472

LADLUTE DATA

Top of Deck Line Above Molded Line
Assigned Freeboard
Molded Sunimer Draft
Midsummer Keel Draft
Summer Keel Draft
Intermediate Keel Draft
Winter Keel Draft

1 1/4"
10'.-8 3/8"
24'-4 1/2"
25' -0 1/2
24'-5 1/4"
2'- v 41/4"
22' -4 3/4"

LIG-HTSHIP, DATA

Ship complete in every respect, with water in boilers at
steaming level and liquids in machinery and piping but with
all tanks and bunkers empty and no cargo, fuel, fresh water,
stores, or crew and effects on board. Lightship weight is
5290 long tons with center 28.88 feet aft of midships based
on deadwei.ght survey on March 28, 1970.

DWG NO. REV. SH iT.
s/s CHAMPLAIN VESSEL CHARACTERISTICS 1345-16 -I O 3
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PRINCIPAL DIMENSIONS

Length Overall
Length for Classification
Length on Keel
Beam, Molded
Depth at Side, Molded
Sheer, Forward
Sheer, Aft
Camber of Spar Deck
Deadrise
Bilge Radius
Tumblehome
Keel Below Molded Baseline

647'-0"
629'-31
620' -0"
70' -0"
S6'-O"
6'-10"
4'-6 1/4"
16"
3"
3'-9"
'9',
1 3/8"

ADMEASUREMENT DATA

Port of Registry
Registered Dimensions
Builder

Builder's Hull No.
Year Built
Official Number
Gross Tonnage
Net Tonnage

LOA DLINE DA.TA

Top of Deck Line Above Molded Line
Assigned Freeboard
Molded Summer Draft
Midsummer Keel Draft
Summer Keel Draft
Intermediate Keel Draft
Winter Keel Draft

Wilmington, Delaware
629.4' x 70.3' x 31,3'
Great Lakes Engineering

Works, River Rouge, Mich
299
1953
265,360
11601
8601

13/8"
10'-8 1/2"
25'-4 7/8"
26'-1 3/w"
25i--6 1/4"
24'-6 3/4"
23'-4 3/4"

L..GT..SHIP DATA

Ship complete in every respect, with water in boilers at
steaming level and liquids in machinery and piping but wit
all tanks and bunkers empty and no cargo, fuel, fresh ;ater,

stores, or crew and effects on board. Lightship weight is
6210 long tons with center 31.44 feet aft of midships based
on de adweight survey of June 16, 1970.

ac'~

's RESERVE VESSEL CHARACTERISTICS 1352-1 1
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Table 1

Principal Characteristics

Length Overall ...........................................................................................................730'-0"
Length Between Perpendiculars .....................................................................712'-0"
Length on Keel..........................................................................................................702'-0"
Beam, Molded ....................................................................................................................75'-0"
Depth at Side, Molded ..............................................................................................39'-0"
Camber ...................._...................... ................................ ........................ ................................. .......18"9
Deadrise.............................0"

B ilg e R ad i s .. ......... .................................................................................................................. ' .9Bilge Radius.........".. . . .

Maximum Draft, Summer, Great Lakes .............................................26'-6 1/8"
Displacement, Total, Long Tons...................34,135
Light Ship Weight, Long Tons..............8,080
Deadweight, Total, Long Tons.............. 26,055
Shaft Horsepower, Normal ......................................................................................9,000
Revolutions per minute at normal power ........................... 105
Propeller Diameter .......................................................................................................20'-0"

Number of Blades .................... .............................................................................................5

U. S. Gross Tonnage...................................................................................................12,170
U. S. Net Tonnage ...........................................................................................................7,637
Crew ......................................................................................................................................................37

Table 2

Hull Form Data

Displacement Length, (L. B. P.) ....................................................................712'-0"
Beam, M olded ................................................................................................................75'-0"

Design Draft, Molded...... . . . . 26'-6"
D s gn r f , M ld d ................................... ............................................................. 6 -6

Displacement, Molded, Fresh Water, Long Tons ..............................34,080 -
Length - Beam Ratio........................................................................................................9.49
Beam - Draft Ratio ...............................................................................................................2.83
Length of Entrance, Feet .......................................................................................... 142.4-Length of Parallel Middlebody, Feet ...............................................................391.6
Length of Run, Feet .........................................................................................................178.0
Run - Entrance Ratio ....................................................................................................... 1.25

Block Coefficient ..............................................................................................................0.864
Prismatic Coefficient ......................................................................................................0.868
Midship Coefficient.......................0.997
W ater Plane Coefficent ................................................................................................0.895
Vertical Prismatic Coefficient ...............................................................................0.962
Displacement - Length Ratio ......................................................................................94
Longitudinal Center of Buoyancy, Feet Forward Midships ............12.9
W etted Surface, Square Feet ................................................................................ 81,184 '
Designed Sea Speed, Miles per Hour....... . . 16.75
Designed Sea Speed, Knots .............................................. . . ............14.55
Speed - Length Ratio ......................................................................................................0.545

Principal Dimensions

Since the vessel principally was to be engaged in ing the lock at Sault St. Marie. Extensive physical and
the transportation of iron ore from the head of Lake economic investigations were made to determine the
Superior to Indiana Harbor, the maximum overall optimum design draft and, again, these were based on
length and breadth were determined to be 730' and 75' the specific trade route noted above. Average operat-
respectively, due to the limitation imposed in transit- ing drafts were obtained by comparing the actual op-

5
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DEPARTMENT OF TRANSPORTATION Address reply to:
COMMANDER (0-1)UNITED STATES COAST GUARD Ninth Coast Guard District
1240 East 9th St.
Cleveland, Ohio 44199

3110
29 August 1969
Serial: 609

From: Commander, Ninth Coast Guard District ~
To: District Engineer, U. S. Army, Detroit District Corps of Engineers,

P. 0. Box 1027, Detroit, Michigan 48231

Subj: Great Lakes De.-Icing Study

Ref: (a) Your ltr NCEED-PB of 14 July 1969

1. Reference (a) requested a report from the Coast Guard regarding vessel

classifications for ice operation, icebreaking assistance requirements, and

aids to navigation requirements for extended-season operations by the Great

Lakes merchant fleet.

2. The "Report of the Technical Subgroup of the St. Lawrence Seaway Task

Force" which has been made available to you by the Commandant, U. S. Coast

Guard should provide considerable background data for your study. In ad-
dition, I have enclosed Annex W to the Ninth CG District Operations Plan

concerning Domestic Icebreaking, Reports, Icebreaking Policy and Icebreaking

Doctrine. This annex sets forth operating procedures for the Coast Guard

vessels concerned with icebreaking.

3. The following comments pertain to the questions posed in paragraph four
of reference (a).

a. Merchant vessels with blunt bows and low horsepower (1800-3000hp) have
limited icebreaking capabilities. These vessels have difficulty following in
the tracks opened by the icebreaker. Brash ice builds up in front.of the blunt
bow and causes the vessel to slow and stop.

b. Merchant vessel with an "ice-working" bow configuration and of three
to nine thousand horsepower would be of substantial benefit when working in
ice.. When considering their ice-breaking capabilities only it is estimated
that these vessels could continue operations through to 1 February. However,

.the majority of the U. S. fleet of lake vessels do not have an "ice-working"
bow and normally terminate seasonal operations about the first week in December.

Factors other than ice are considerations when terminating the shipping season.
Some of these factors are (1) storms on the open lake together with freezing
temperatures which produce ice topside and adversely affect the stability of
the vessel (2) profit versus the escalated insurance rates incident to late
season shipping; poor visibility and a reduction of the number of aids to
navigation restricting the vessels' operations to daylight hours when in pilot
waters also reduces profits (3) lake vessels operating in sub-freezing
temperatures not adequately insulated or heated to provide for crew comfort
Sontributing to crew fatigue.-
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c. Ladk of maneuverability by a single screw 730 foot long vessel could

preclude independent ice operations. The experiment with the SS MANHATTAN

presently operating in the Arctic regions should provide practical answers to

this question.

d. It is doubtful whether a bow thruster would improve vessel maneuverabi-

lity in ice. Vector forces of the ice pack under wind or current pressure

conditions would far exceed the vector produced by a bow thruster installation-

of a vessel beset in ice.

e. It is probable that a bow thruster could be designed that would be

invulnerable to ice damage. However, it is questionable whether a bow

thruster would be of any advantage in ice which extends below the athwartship
tunnel of the thruster as the ice dispersion would be a problem.

4'. I concur with your concept of independent operation of merchant vessels

assisted by a single or a multi-unit task force of Coast Guard vessels

capable of breaking ice and strategically located in areas of known difficult
ice barriers. During.periods of unfavorable visibility, ice, or storm con-

ditions when several merchant vessels collect in a sheltered area there are

some advantages in the task force commander resorting to the convoy system.

This is discussed in enclosure one. Due to the depths and currents of the

water as well as the wind loading effects and areal extent of the ice in the

Straits of Mackinac and Whitefish Bay areas the feasibility of using a bubbler
and/or dusting system in these areas is highly questionable. It should be

noted that the highly discolored ice in eastern Lake Erie caused by industrial

aerial deposits and bottom contact is usually the last ice to disappear in the

lakes. Ice in this area is wind rafted and reaches depths of 25 to 50 feet.
Ice in this condition has little tendency to melt by thermal radiation. Ice

breakers operating in this type of ice conditions are unable to establish

tracks in the ice field and must resort to single ship convoy.

5. When considering the extension of the navigational season there are two

periods to which we refer; one is the extension of the closure date, the

other is advancing the opening date. Providing the considerations mentioned

in paragraphs 3b are overcome, it is less difficult to extend the closure
date before the heavy ice has been, formed and rafted by the late winter
storms than it is to advance the opening date. As the Seaway has brought

salt water traffic into the lakes we should briefly consider the extension
of the season for traffic on the four Great Lakes west of the Welland Canal

as opposed to the extension of the season to include the Seaway traffic which

is controlled by the Canadian Government and the St. Lawrence Seaway Authority

and Development Corporation. The latter is outside the purview of the U. S.
Coast Guard but does affect the consideration for providing additional heavy
duty icebreakers at a period of time when they could be used to some advantage.
As ice is not the major governing factor in extending the closure of the
shipping season, the additional icebreaker could best be used to advance the
date of the opening of the season. The date which a polar icebreaker could be
brought into the Great Lakes is determined by the removal of ice booms and the
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opening of the locks of the St. Lawrence River and Welland Canal. One con-
sideration then is whether to permanently station a polar icebreaker within
the Great Lakes. As these vessels are single purpose units primarily used
for ice breaking it would be considered uneconomical to station a 50 million
dollar vessel to break ice for an estimated 30 days a year or 8 per cent of
her usable time. It therefore appears that our present practice of bringing
a Wind-class breaker in to help open up the season is the more logical plan.

6. With the advent of the 1000 foot long lake vessel with a beam of 105 feet
it is obvious that the MACKINAW with a beam of 75 feet will need some assistance
if these superlakers are to operate in ice. It would appear then that there will
be an operational requirement for an additional multi-purpose vessel in the
Ninth CG'District. This vessel should have a greater icebreaking capability
than the 180 foot buoy tender but something less than the MACKINAW with 10,000 hp.
It is conceived that the MACKINAW and this medium class ice breaker working
together as a multi-unit task force could satisfactorily extend the shipping
season to 1 February and accommodate the super-lakers.

7. If we are to consider a 12 month operation in the Great Lakes then one or
more additional polar icebreakers would be required for this difficult task.
This would require one of the following actions:

a. Reassessment of priorities for our present fleet of polar icebreakers
to provide for one or more heavy duty icebreakers to operate in the Great
Lakes from about mid-Decembe to mid-April.

b. Construction of an additional heavy duty icebreaker for assignment to
duty in the Great Lakes.

8. Tab A of the "Report of the Technical Subgroup of the St. Lawrence Seaway
Task Force" contains a breakdown of capital and annual cost for icebreaking
facilities by areas and periods of time. I have no reasons to doubt the
validity of the figures presented therein. The Report also treats the require-
ments for aids to navigation for an extended season. No attempt will be made
here to expound on the subject.

9. I trust the above information will meet your needs.

W. F. III

Encl: (1) Annex W, CCGD9 OPLAN
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1. Objective and Scope.

A parametric study of twin- and triple-screw propulsion systems

for large icebreakers is conducted with respect to technical prop-

erties and feasibility limits. The study is devoted to the following

aspects in particular:
1

1. Bollard thrust, ahead, conventional propeller

2. Bollard thrust, astern, conventional propeller

3. Bollard thrust, ahead and astern, special compromise

propeller, designed for astern operation

4. Propulsive efficiency at advance speed of 1 knot

5. Propulsive efficiency, free running at 18 knots

6. Radial and axial clearances between propellers and hull

7. Steering and maneuverability

8. Propeller excited hull and shaft vibrations

9. Propeller strength

10. Cavitation

Further, the effect of the following parameters had

to be considered:

11. Blade number, three versus four blades

12. Hub size, solid and detachable blade screws

13. Propeller diameter

14. Area and power splitting ratio, 1:1:1 versus 1:2:1

15. Powering (SHP)

The investigation is performed for three ship designs of diff-

erent size:
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Case I:

300' LWL, 28' Draft, 70' Beam, 8,500 Tons

15,000 to 45,000 SHP

Case I:

350' LWL, 30' Draft, 80' Beam, 12,000 Tons

30,000 to 60,000 SHP

Case III:

400' LWL, 30' Draft, 90' Beam, 15,400 Tons

30,000 to 60, 000 SHP

At the time of this preliminary report questions 1 through 5,

and 10, including the influences listed as 11 through 15, have been

analyzed. .The evaluations are almost terminated except for some

broadening in scope planned for the final report. For the remaining

questions the methods of analysis were developed, but no numerical

results are available as yet.



II. The Available Disk Area.

The space which can be used for arranging propellers in the

stern domain is limited by the dimensions of the ship, i.e. princi-

pally by draft and beam, and by the clearances required between hull

and propeller. I t is usually the aim of any design of heavily loaded

propellers such as those for icebreakers to provide as much disk area

as possible; the-disk area is of foremost importance for the perfor-

mance of such screws. It is therefore necessary to find the maximum

feasible diameters and disk areas of the twin- and triple-screw sys-

tems under consideration.

A. The minimum tip submergence for the blade in its top

position .was specified in the contract as $ feet minimum.

B. The maximum tip submergence is also given in the contract

which states that a margin of one foot below base line must not

be exceeded.

C. The lateral extension of the propulsion system is limited

by the available beam in general, and in particular by the fact

that the propeller shafting has to be of acceptable length and

angularity. Also, engines and gears must be conveniently lo-

catable inside the hull. These facts restrict the distance of

the shaft axis from the centerplane.

The s ituat ion was studi ed by compar ison wi th s imil1ar i cebreakers

designs. Figures *1, 2 and 3 show existing or proposed twin-screw

*Note that all figures are given in Appendixi



designs for which propeller arrangement plans could be found or de-

duced. Table 1* summarizes how much space is occupied by each of

the two propellers, and what percentage of the beam remains f ree.

Less information was available for the triple-screw system. The

U.S.S.R. icebreaker "Moskva", the only per~tinent evidence on hand,

Figure 4, could be evaluated with the help of some recons tructive

assumptions.

The majority of the following evaluations were based on propeller

diameter/beam ratios 0.232 for each twin propeller and 0.58 for the

sum of all triple-screw diameters. The former value corresponds to

about the average of the considered twin-screw designs, the latter

was derived from the "Moskva". Both values were considered as suff i

ciently typical of modern design practice to result in fair comparisons.

But upon Coast Guard request a great part of the analysis was also

carried through for ratios of 0.27 and 0.64 for twin- and triple-screw

systems, respectively. These assumptions are close to the limits of

the design potential, but not unrealistic.

The following maximum diameters were obtained for twin-screw

systems: DpMAX/ B=0.°232 DPMAX/B=0. 27
Case I: 300'x28'x70' ship DPMAX =16.25' DpMAX = 18.9

Case II: 350'x30'x80' ship DPMAX = 18.56' DPMAX = 21.6'

Case I : 400'x30'x90' ship DpMAX = 20.88' DPMAX = 23.0'

For triple-screw systems, the useful beam percentage b for all

threE screws is as follows: b/B = 0.58 b/B = 0.64

Case I: 300'x28'x70' ship b = 40.5' b = 44.8'

Case IH 350x30'x80 ship b = 46.4' b = 51.2'
Case IHI : 400x30nx90' ship b = 52.2' b = 57.6'

I

*Note that all tables are given in Appendix .



The propeller size limitation in the draftwise direction is 21' in

Case I, and 23' in cases H1 and HV1 So, it is less critical than

the beam-wise limitation except in Case IHa for DPMAX/B = 0.27, and

for the center screw, when b/B = C.64.

In the triple-screw case the available space b must be distributed

among the three propellers. I t is assumed that the sum of the propeller

diameters equals b so that there is no gap between tie disks as seen

from behind nor any overlap. This is a recommendable arrangement using

the maximum possible space without unfavorable interference between

propeller races. A check showed that only small gains could be ob-

tained by permitting some overlap so that it is hardly worthwhile risk-

ing detrimental interference effects. The maximum feasible diamters,

the areas per screw, and the total disk area of the systems 1:1, 1:1:1,

and 1:2:1 are shown in Table 2 for both sets of diameter limitations

Note that for the center screw Case IL, b/B = 0.64, only 23' diameter

could be used because of draft restrictions.

If the beam limitations are O.232 and O.58, the split 1:2:1 is

most advantageous for all ship sizes. The disk area gains are only

small though. The split 1:1:1 results in the second highest disk areas.

If the design is pushed to the limiting ratios of 0.27 and 0.64,
the 1:1 split is best in disk area for Cases I and 11, but suffers

from draft limitations in Case 1IIH. Only the split l:1:1 is not re-

stricted in draft so that its disk area is highest in this case while

the 1:2:1 area ratio is second best in every case.

The results show that small variations in ship size and beam and

draft limitations may turn one alternative from worse to best although

the gains are not dramatic. For optimal solutions careful comparisons

are necessary.



H I . Bollard Thrust Ahead.

The thrust at zero speed of advance in the ahead direction is

evaluated for 3 , and 4 bladed Troost series propellers of two dif-

ferent blade area ratios (B3.50; B3.65; B4.55; B4.70). The thrust

is found, first, for various diameters of individual screws. As a

function of power input (SHP), and later on for certain twin- and

triple-screw combinations.

The calculations are limited to propellers that operate at

120 RPM in the bollard condition. For any diameter and SHP there is

an RPM that will give the maximum thrust, and this RPM is in some

cases larger than 120 RPM and in some cases smaller than 120 RPM.

The investigation covers the commonly used pitch range of P/D = 0.5

to 1.4. The greatest thrusts are obtained at the lowest pitch ratios

when SHP and RPM are kept the same. This reflects the gains due to

increases in propeller diameter. Lower pitch ratios than P/D = 0.5,

or still larger screws, are not recommendable, however, because of

the unfavorable performance of such screws at other advance speeds.

The evaluations are based on Troost propeller charts, as pub-

l ished in Reference 10. The B4.70 samples are reproduced here as

Figures 5 and 6. These charts have been selected because they per-

mit convenient readings at zero advance number. The Lewis Charts,

Reference 12, which are similar, were not available immediately for

all parameters of interest.

A sample calculation is given in Table 3. A computer program

was w r itten f or t hese cal cul at ions . A numbe r of read ings was t aken



from the charts, and the final results were obtained by having the

computer interpolate between these readings (Michigan Library Sub-

routine TAB). The computer output is summarized in Tables 4 through

15.

Figures 7 through 10 illustrate the results. Thrust is plotted

against SHP with'diameter as the parameter. The domain covers the

range of common pitch ratios from P/D = 0.5 to 1.4. Boundary lines

for these constant values are given to define the range of practicable

propel lers.

The bollard condition is normally considered as the governing

design condition for icebreaker propeller systems, or else some very

low advance speed (see Reference 3). In both events one would tend

to select the largest screws with a reasonable pitch ratio so that

the maximum possible thrust is obtained. This would lead to pitch

ratios near 0.5 if compatible with other performance conditions.



HV. Cavitation.

In order to establish in which range the thrust predictions for

Troost propellers can be realized in practice the occurrence of cavi-

tation was checked early in this study.

One cavitation check was based on a curve directly applicable to

Troost propellers, Figure 11 of this report, from Reference 11 On

this basis, the required blade area ratio for cav0tation free opera-

t ion at 120 RPM and zero speed of advance was computed and plotted

against thrust in Figure 12. By comparing this diagram with the

curves thrust versus SHP in Figures 7 through 1O, it can be concluded

that practically all propellers of types B3.50 and B4.55 are subject

to cavitation. It takes about 65% to 70% blade area ratio to render,

at least at lower SHP, the larger screws free of cavitation.

Since the Wageningen series propellers are not particularly sui ted

for heavy load conditions, and have not been developed for bollard

operation either, a check under the previous assumptions is conserva-

tive and does not reflect the potentia improvements by special pro-

peller designs.

To illustrate the.g of possible gains Burrill's cavitation

line for heavily loaded propellers has been used for a second check,

Figures 11 and 13. While the B3.50 and B4.55 propellers still appear

to be insufficient the higher area ratio propellers show considerable

improvemenft and promise satisfactory operation up to 20,000 SHP

(B3.65) and 22,000 SHP (B4.70) per screw at diamters around 23' (Fig- a<

ures 7 through 10).



V. Comparison of Bollard Thrust Ahead for Various Arrangments.

The ahead bollard thrust is compared for three different arrange-

ments: Twin propeller (power and area split 1:1), triple (1:1:1),

and triple (1:2:1). The maximum feasible diameters for all arrange-

ments were given in Table 2. It was attempted to make comparisons

for all of the listed diameters, and also for diameters which were

15% and 30% less than maximum. But in numerous cases, mainly with

smaller diameters, no acceptable pitch ratios were reached at the

specified bollard RPM.

Three comparisons were made:

Comparison A:

Highest obtainable bollard thrust ahead without cavitation

for each arrangement regardless of how much SHP is absorbed.

The SHP will therefore differ for the design alternatives. This

comparison demonstrates the bollard thrust potential. The

Burri 11 cavitation line is used for this purpose. The evalua-

tions are limited to B3.65 and B4.70 propellers because the lower

blade area ratios are subject to cavitation. Only the largest

screws in each configuration are considered since they set the

limits.

Comparison B:

Bollard thrust ahead versus SHP for all arrangements regard-

less of cavitation. Parameters in this comparison were: Pro-

peller type (B3.50; B3.65; B4.55; B4.70), ship size, and diameter

as above. This comparison shows the thrust obtained at the ex-

pense of equal power.
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Comparison C:

Highest obtainable bollard thrust ahead at the limiting SHP

where the most cavitation-prone arrangement starts cavitating.

This comparison is limited to blade area ratios of B3.65 and B4.70.

The results were obtained by means of Tables 16 and 17 finding

the highest SHP for which all arrangements do not cavitate, using

the Burri ll cavitation limit.

The comparisons were completed for the two variations in lateral

size restriction of the propulsion systems. All results are submitted,

but the following comments are limited to the more restricted case;

the other results are under review.

The results of comparison A are given in Tables 16 and 17 and

Figures 14 through 17. The differences among the various arrangements

are small. The trend favors higher disk areas, and is thus advanta-

geous for most 1:2:1 splits. Some of the twin-screw cases are also

successful.

No conclusions should be drawn from the fact that the four-bladed

propeller is slightly better than the three-bladed one. This is more

likely a coincidental property of the two Troost series. Similarly

minor deviations in series peculiarities would also explain some

seemingly unsystematic trends in the results.

For comparison B the results are presented in Tables 18 through

41, and Fi gures)&through 41. The evaluat i on cove r s only t hose

parameter variations wi th pi tch ratios between O.5 and 1.4.

The three systems are confirmed to be almost equivalent. At

greater blade area ratios, and in particular for the greatest design. area,
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Case li l, the 1:2:1 split is only slightly superior to the 1:1:1

spl it.

These gains, wherever they exist, remain hardly noticeable at

the limit of cavitation, comparison C; this case is indicated by the

arrows in Figures 19 through 41.

The cases of highest total system SHP that can be absorbed with-

out cavitation are summarized in Table 47. It is mostly that the

1:1:1 split cavitates first.

The data of Table 42 can be used for first orientation as to the

highest SHP that be reached for each ship size. It can be expected

in general, that the power of the 1:1 and 1:2:1 splitting ratio de-

signs can be increased a few percent.
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VI. The Astern Thrust of Troost Propellers at Zero Speed of Advance.

It is a well known fact that a conventional propeller is less

effective in generating thrust from a given power input when rotating

in the astern direction. Most normal profiles used in propeller de-

sign are asymmetrical with respect to nose and tail which results in

a less favorable lift versus angle of attack characteristic when the

inflow is from the tail end direction.

The magnitude of this influence can be judged by Figure 27,

Reference 4, page 36, where the ratio of thrust coefficient CT over

torque coefficient CQ is plotted against the camber ratio at 0.7 rad-

ius for ahead and astern operation. Figure 42 of this report shows

an average curve derived from the above diagram and used in this work.

The camber ratio of the Troost propeller series was determined

in Table 43 using data from References 6, 10 and 11.

The operating conditions are compared assuming the same power

input ahead and astern. It is further assumed for simplification that

the full load RPM are equal. In this case,

T ASTERN

T Po2-d 2 n2  CTASTERN

T EAHEAD TAHEAD CTAHEAD

Po - d2.n 2

(CT/CQ) ASTERN

( CT/ CQ) AH EAD

Where: n = rps
* * p0 = nose-tail-pitch, ft.

d = propeller diameter, ft.

- 13 -



The quantities involved in the last expression can be read off

directly from Figure 42. The results are given in Table 43. The

astern bollard thrust of the Wageningen propellers under considera-

tion can be expected to be about 80% of the ahead thrust.

The astern thrusts are plotted against SHP in Figures 43 through

46. The picture of the relative merits of the systems is of course

the same as for the ahead condition, as illustrated by Tables 44

through 55, and Figures 47 through 58.
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VI1. The Ahead and Astern Bollard Thrust of a Compromise Screw.

In the operation of icebreakers the manner of backing out of

and down from the ice should frequently require more thrust than

that of moving up since no accumulated momentum is there to assist.

In view of this, the Coast Guard contract calls for an evalua-

tion of special propeller designs to operate in the astern direction.

As pointed out. in the previous section the inferiority of the

backing performance is caused by foil asymmetry. If one wanted to

carry the improvement of astern performance to the extreme it would

be obviously possible to mount the screws in the opposite sense, with

the foil suction sides (backs) away from the ship, and the pressure

sides (faces) towards the ship. Although this procedure is not

seriously suggested here, it shows to what extent the backing thrust

can be improved and at what expense in forward thrust. The magnitude

of the potential improvements can be estimated by reading the figures

and tables previously given for ahead and astern thrust in the re-

verse sense.

However, the actual aim is an improvement in astern performance

without overdue sacrifices in forward thrust, i.e. a compromise de-

sign.

There are mainly two possibilities of directing a design towards

more balance between ahead and astern performance:

A. Reduction of profile camber throughout the blade using

angle of attack for lift generation instead.

B. Selection of nearly symmetrical foils with respect to

the .5 chord-length point (nose half = tail half). This implies
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symmetrical thickness distributions as well as symmetrical mean

lines, such as the C-series mean lines developed by DTMB.

Reducing the camber does produce a better balance of forward and

astern thrust, decreasing the length of the lines in the CT/CQ -

chart, Figure 27 of Reference 4. For a- camberless screw ahead and

astern thrust would be identical.

There are, however, many practical drawbacks. When the lift is

produced solely by angle of attack the pressure distribution is dis-

advantageous with pronounced peaks at whatever the front edge is in

each sense of rotation. If the pressures on the suction side have

to be kept safely above the cavitation level more foil length becomes

necessary than with the uniform pressure patterns of cambered foils.

Besides, flow separation becomes a more serious problem. This causes

inferior propeller performance at conditions not too far away from

the design point.

Reduction of camber as a design measure should thus be kept

within moderate limits.

If perfectly symmetrical foils would be selected the ahead and

astern bollard thrust would become equal. This measure would turn

the characteristic curves in Figure 27, Reference 4 into a horizontal

position. It may also cause a decline of thrust per SHP for the fol-

lowing reason. In order to avoid excessive pressure loading of the

foils at both ends instead of just at the trailing edge, longer foils

must be used if the peak pressures are limited by cavitation. This

means greater frictional losses and lower thrust.

This disadvantage can usually be kept well within eaceptable

limits. The symmetrical foil or nearly symmetrical foil can therefore
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be recommended if improved backing thrust per SHP is desired. The

consequence of at least some deterioration of forward thrust is in

common to all methods of improving astern operation.

In order to estimate how much thrust can be expected from a

comp romi se propeller, for which TASTERN = TAHEAD, Figure 42 may be

considered as,a typical case:

CT/CQ = 6.19,

the following.ratio was found:

TCOMPROMISE (CT/C) COMPR. 6.19

TAHEAD (CT/CQ) AHEAD (CT/CQ)AHEAD

Propeller B3.50 B3.65 B4.55 B4.70

CT/CQAHE6 678 6.87 6.

TCOMPR/TTAHEAD .891 .913 .901 .923

The table shows that in the average one would obtain about 90% of

the thrust otherwise reached in the ahead condition.

With the above ratios, compromise propeller thrusts of individual

screws, Figures 59 through 62, and systems, Tables 56 through 67 and

Figures 63 through 74, are given in the appendices. The system trends

are the same as in earlier cases.

17



VI I i. Hub Size Influence.

The hub diameter ratios of Troost propellers are 0.18 for the

B3 series and 0.167 for the B4 series. Icebreaker hubs are larger

for strength reasons and in particular when detachable blades are

used. The influence of hub size shall be investigated comparatively

for solid propellers of 0.21, and detachable blade screws of 0.32

hub-diameter ratio;

It should be mentioned that an equation to account for large

hubs was given by Milano, Reference 3:

TLarge hub = K,-TTroost,

where K, = 0.97 for solid screws (xh = 0.21...0.22),

K, = 0.86 for detachable blades (xh = 0.32.. ..0.35).

It is felt that these corrections are excessive. The factors K, are

derived from a DTMB report by Shultz, Reference 5, in which the de-

crease of the ideal thrust loading coefficient CT. with increasing

hub diameter ratio xh was discussed. Milano adopted these reductions

directly and seems to have overlooked that the absorption of input

power (CP;) decreases, too. If the power input is raised to the

previous level (by increasing the pitch or the RPM) a substantial

part of the thrust loss is recovered. It should be kept in mind,

though, that the large hub propeller needs longer, less efficient

profiles to avert cavitation.

A different approach was used in an attempt to estimate the

inevitable thrust losses for large hubs. The propeller efficiency

i s de te rmi ned at -a small1 advance numbe r J<<1l, \ a:-0 , and i t i s

assumed that the effi ciency loss percentage caused by the difference
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in hub size equals the thrust loss percentage at zero advance speed,

the power input (SHP) being the same. The propeller efficiency

can be represented as product of ideal efficiency'7; (ideal fluid,

momentum theory) and blade efficiency (losses in real fluid).

The change in expanded blade area ratio, i.e. in thrust generating

area, is for large hubs according to Reference 6, page 125:

a aE
=aE =I- (Xh-0.18) for Troost B3 series,aE ' I

SaE = 1.1 (x ._0.167) for Troost B4 series.
aE

In our analysis,

x = 0.21 for solid propeller

X)(= 0.32 for detachable blade propeller

The area losses AaE/aE are thus:

Solid Detachable

B3 0.033 0.154

B4 0.047 0.167

It must be supposed that about the same blade area ratio is required

to keep the large hub propeller free of cavitation. The area lost

at the hub must be replaced at other radii. The foils must be len-

gthened by about the same percentage. The ideal thrust 1oading coe-

fficient is defined as below and increases wi th hub size:
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where '.= mean drag-lift ratio

VA = advance speed, VA4 1.

= hydrodynamic advance number,

hence' _ I_ _|

It follows that CT is proportional to the factor:

Incidentally, the same correction would hold with close approximation

for the power loading coefficient CPi which is also proportional to

(D2-d). Both are thus rai sed by the factor:

Solid Detachable

B3 1.02 1.17

B4 1.05 1.20

From this the following changes in can be estimated from the Kramer

chart at >X1'0,

Solid Detachable

B3 0.998 0.98

B4 0.995 _ 0.98

This demonstrates that under the assumption of equal power input the

ideal efficiency of large hub propellers is only little smaller than

that of regular hub size screws.

There is however a secondary effect upon blade efficiency caused

by lengthening the foils. For the increase in mean lift-drag ratio E
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corresponding to this influence it can be estimated from foil data

that 6 must be multiplied by:

Solid Detachable

B3 1 1.1

B4 1 .1

The blade efficiency would be reduced according to Figure 75 by the

factor:
Solid Detachable

B3 1 0.98

B4 1 0.98

The rounded total reduction in propeller efficiency is given by the

following factors:

Solid Detachable

B3 0.995 0.96

B4 0.995 0.96

The thrust losses of a redesigned large hub screw at zero advance

speed are of the same order. Milano's thrust loss percentages are

much higher because they were based on overestimated losses while

the change of blade efficiency was ignored.
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* IX. Propulsive Efficiency at Speed of Advance of One Knot.

The propulsive efficiency is defined as:

? open water efficiency

hull efficiency

relative rotative efficiency

The open water efficiency was read from the charts, Tables 5 and 6,

and similar ones for other propellers. The readings were taken for

I = VA/ YW D with VA = 1 knot and r1= 120 RPM = bollard RPM. The

change of r when VA is increased to 1 knot is negligible as shown in

the sample calculation, Tables 68 through 70. The sample i llustrates

further details of the procedure, too. The relative rotative effi-

ciency is set to-unity throughout.

For the hull efficiency of a multiple screw system the following

expression is derived:

R-\/s R-VS ___

where: R = resistance

VS = ship speed

VA = propeller advance speed

w = wake fraction

t = thrust deduction fraction

The last step assumes that power spl it and thrust spl it are about

IN equal.- I n t he actual cal cul at ions the area spl it t ing rat io has been

II subst ituted here.

At an advance speed of 1 knot the following data were estimated

E from similar cases, Reference 7:
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Twin Screw:

w = t, =

Triple Screw:

Center screw: w = 0.04, t =0.03

Outer screws: w = t

The sample, Table 70, shows that the hul efficiency is unity for all

practical purposes.

The propeller efficiency equals the open water efficiency at this

low speed therefore.

The results are shown in Tables 71 and 72 and Figures 76 through 87.

It comes as no surprise that the differences between the systems are

small. They conform with the bollard thrust trends as could be ex-

pected with that little speed difference.
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X. Propulsive Efficiency at Speed of Advance of 18 Knots.

The icebreaker designs are assumed to operate at 18 knots free

running speed. The evaluation of their propulsive efficiency is sim-

ilar to the procedures of the previous section with one main exception;

in the low speed case the circumstances of ice operation determine the

SHP which could vary in wide limits, whereas the SHP, free running, is

a single value depending on the resistance of the design, i.e. its EHP,

and its propulsive efficiency, both unknown.

The EHP can only be estimated from series data at this stage.

Series 60 (C method), and Taylor's standard series both fail to give

acceptable results because the icebreakers differ strongly from the

series hull shapes, and their form parameters are not covered satis-

factorily by the series.

An attempt to use Ayre's method of EHP estimation, sample pre-

sented in Table 73 based on Reference 10, yields results which are

not consistent in themselves either with respect to shisize, but

are at least in the right range in comparison with similar ships.

About 10,000 EHP seem to be needed to go 18 knots. Since all obtain-

able estimates were not fully satisfactory it was decided to cover a

range of SHP so that the curves can be used more specifically as soon

as more reliable EHP data are available.

The SHP range was chosen wide enough to include powers higher

than those expected as necessary for 18 knots in order to keep the

data applicable for higher service speeds if such should be selected

later. The following power range was covered:

Ship size Case I: 6,000 to 30,000 SHP
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Ship size Case II: 9,000 to 39,000 SHP

Ship size Case III : 6,000 to 36,000 SHP

The comparisons were conducted for the systems pitched for the best

bollard thrust because it is common and recommendable practice to de-,

sign icebreaker propulsion systems for very low or zero design speed.

The pitch ratios and propeller diameters chosen for bollard operation

and used in the following are summarized in Tables 73 and 74.

The possibility of cavitation was ignored in selecting the best

bollard thrust systems as well as in finding the propulsive effi-

ciencies. This was done in the assumption that while the Wageningen

series propellers might cavitate in some $tes the redesigned special A -

icebreaker screws could be kept fee of cavitation through most of

the investigated SHP range. However, the findings for SHP in the

upper domain should be interpreted cautiously.

The relative rotative efficiency was again assumed to be unity

although this neglects the slight advantages that triple screw sys-

tems should have over twin systems at this speed.

The hull efficiency of the center, screw is expected to be more

favorable than that of the outer screws of triple or twin systems

because of the beneficial influence of the boundary layer energy re-

covered from the wake by the center screw. This results in a wake

fraction exceeding the thrust deduction fraction, thus 74 7 >l. *The

following data, Tale 74, were adopted as estimates for w and t after

analyzing some similar designs and available equations. It was fel t

that these data were typical enough for the purpose of preliminary

des ign compar isons. A thrus t deduct ion f ract ion of onl y 0. 15 may
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sound optimistic even though w is estimated relatively low, too, but

in our opinion this low level of t, which results in v 1bl3, can be

reached by successful stern designs.

Although the center screw alone reaches substantial gains in7H

a lot of this is averaged out in t-wR screw systems. The results are

YH = 1.03 for the 1:1:1 power split, and 7 H = 1.046 for the 1:2:1 split.

For derivation see Tables 74 and 75.

The number of revolutions at which the propellers absorb the SHP

must be determined by a trial and error procedure outlined in the

sample in Tables 76 through 79.

The results are presented in Tables 80 through 88, and Figures 88

through 105. The tendencies differ appreciably in comparison with the

bollard condition. In a majority of cases, predominantly so in the

lower SHP range of each ship size, the power split 1:1:1 is best,

1:2:1 second best and 1:1 weakest. There are however a few cases at

higher SHP where the 1:1 split is best.

The differences in propulsive performance at 18 knots stem from

the fact that the pitch ratios were selected for the bollard condi-

tion and are not optimal when free running. The twin system and the

1:2:1 split are associated with lower pitch ratios than the 1:1:1

system, and their pitch is less than optimal at 18 knots. The losses

in this free running condition under partial load greatly exceed the

gains in hull efficiency experienced by the triple systems.

These losses can be reduced somewhat by proper designing:

A. One can try to work wi th profiles that perform better

at negative angles of incidence as associated wi th the "under-

pi tch" at 18 knots.
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B. If a little bollard thrust is sacrificed more pitch can

be permitted. This measure can also be termed: Designing for

higher speeds somewhere between bollard and free running condi-

tion.

It should be noted that the desired free running number of revo-

lutions r= 150 RPM could not be maintained exactly since the design

parameters were fixed by other assumptions, but it is well within the

range of variation covered here.
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XI. Open Questions.

The questions of steering, vibrations, strength, proper clear-

ances are still under consideration, and no numerical work has been

terminated so far.

If conclusions are sought on the basis of analytical relations

and judg ment the following expectations could be given now:

Steering and maneuvering: Definite gains for both triple sys-

tems, most noticeably at lower speeds.

Vibrations: Center screws tend to operate in less uniform inflow

than outer screws so that there may be a little more shaft vibration

excitation. As to hull vibration, the location of a center screw

is more likely to coincide with an antinode while the outer screws

are closer to node) positions thus transferring less energy of exci- a

tation.

It is not believed, though, that the excitation pressures on

the hull as evaluated for the different systems will differ greatly.

Strength: It is still thought possible that the triple systems

which'have lower SHP per blade are somewhat more favorable.

Clearances: Great axial clearances are recommended from prac-

tically every point of view: vibrations, cavitation, performance.

The radial clearances should not be greater than customary.

This would result in great disk areas and high thrust; vibrational

and other aspects should not be of prime significance.

Propeller submergence: The propeller is generally arranged far

enough away from the water surface to avoid air suction, and far

enough under the stern overhang to avoid excessive vibrations. The
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possible change .have little bearing on cavitation. For an ice-

breaker, in addition, it seems recommendable to assure that average

size icefloe when floating on the water surface does not get too close

to the propeller tips to be sucked into the disk. This should reduce

the number of ice impacts.

No other special arguments are seen now that would limit the

designer in selecting the propeller submergence.



XII. General Conclusions.

None of the systems show major advantages, in the bollard condi-

tions. The tendencies go with the available disk area. This makes

the 1:2:1 system slightly superior to the others. The astern and

compromise performance at zero advance speed, and the efficiency at

one knot are in line with the above tendencies.

The 1:1:1 performs best in the free running condition while the

I other two are underpi tched for free running under partial load.

No major drawbacks, but some improvements) e.g. as to steering)

are expected for the triple screw systems from the points of view

presently under evaluation.

It would thus be recommended, if somewhat better performance and

greater rel i abi l i ty justify the added expense, to develop the 1:2:1

or the 1:1:1 triple screw system depending upon how much significance

.is attributed to good free running efficiency.
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