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1.0 | NTRODUCTI ON l 2015

1.1  BACKGROUND.  This report sunmarizes the results of an

eval uation of application of standards to parine propul sion

power plants. This study supplenments a major effort by

M Rosenblatt and Son, Inc., on the sane subject. These
studies were in support of the Ship Producibility program
sponsored by the Maritime Adm nistration (MarAd).

“1.2 OBJECTIVE. The objective of this study was tg deternmine
potential cost savings by standardization of main propulsion

conponents for a particular single ship design.

1.3 WORK STATEMENT. (MEMO OF UNDERSTANDING). Ingalls
Shipbuilding's (I1SD) efforts followed the six specific tasks

of the Wrk Statement docunented in Appendix A

1.4 SCOPE OF EFFORT.  Ingalls Shipbuilding's technical effort,
based upon the Menp of Understanding consisted of sjx basic
| tems:

a. Definition and layout of four propulsion plants for
a 150,000 deadweight ton (dwt) tanker including steam pedium
speed diesel, heavy duty gas turbine and aircraft derivative

gas turbine plants.
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b. Definition of three levels of standards applied to the o

conponents of the four propulsion plants |isted above:
(1) A full description of the conponents of each plant
in a data package unique to each vendor's conponent
(2)Aninterface and performance specification applicable
for all components of a given size range
(3) A standard procurement specification.

c. Estimation of the cost differential to Ingalls Shipbuildiﬁé
by the application of the three levels of standards described above
to the propulsion plant to the 150,000 dwt tanker. This economc
analysis includes the effect on engineering man-hours, production
man-hours, and procurenment related costs.

d. Contact 6to 8keypropul sion conponent suppliers to
solicit information on:

(1) The nmerits of the types of proposed standards
(2) The acceptability of the proposed types of standards
(3) Approximate costs of devel oping the data type of

st andar d.
e. Review and comment on Rosenblatt’s standards sel ections

and definitions of propulsion standards prepared as a part of their
Bath Iron Wrks (BIW study.
f. Prepare a report covering the results of the five tasks

itemzed in efforts (a) through (e).

The effort in each instance was confined to a 150,000 dwt tanker”
with four types of propulsion units as mentioned previously and

each propulsion unit was in the vicinity of 26,000 SHP. This



limted application will indicate cost differentials for
each type of propulsion unit when conpared to the various
methods of contenplated standardization. Qher classes of

vessel s can then be anal yzed by extrapol ati on.

2.0 DESCRI PTI ON OF STANDARDS
2.1 The levels of standards were defined by 1SD as foll ows:

|. The baseline was defined as present method of design,
procurement, and installation of the various conponents. Each
procurenment requisition is prepared independently and the design
I s devel oped upon receipt of vendors' plans.

|I. Standard procurement specifications for each conponent
of each propul sion system are prepared in a manner to properly
describe acceptable material from various vendors. Necessary
restrictions are inposed to assure suitability. However, proprietar
restrictions pertaining to specific vendors are prohi bited.

IIl. The various equi pnent manufacturers Prepare a
standard data package for each conponent which includes design
data, physical performance, contractual and installation information
This docunent is prepared in a standard format suitable for filing
and ready use.

V. The conponents of each of the four types of propulsion
plants are identical in performance, nounting and interface with
connecting services. Mnufacturers of the major conponents are
required to nmodify their equi pment by redesign and/ or extension
to conply with the above requirenents. Plans and specifications

are prepared for inmrediate issue.



These standards definition differed slightly fromthe |evels
and types of standards defined in the Rosenblatt study. The
matrix below clarifies the difference.

| TEM | SD ROSENBLATT

BASELI NE ( CURRENT PRACTI CE) I l.

PROCUREMENT SPECI FI CATI ON I
STANDARD ( ONLY)

DATA STANDARD (W THOUT 'l
PROCUREMENT | NFORMATI ON)

COVPLETE DATA PACKAGE OR 11 1
PROCUREMENT  STANDARD

HARDWARE STANDARD Y |V

3.0 STUDY APPROACH

3.1 DEFINITION OF STUDY TASKS. M Rosenblatt and Son, Inc.,
conducted an extensive study on the shipbuilding activity
anticipated in the next decade. This forecast was organized by
ship type, size, propulsion nethod, shaft horsepower and tine
period. Fromthis, they were able to determne the quantity

of ships to be constructed in the United States. Further

anal ysis indicated the nost desired cargo capacity and shaft

hor sepower. Based upon current popularity among the operators,

steam was selected by M Rosenblatt for detailed study.



M Rosenblatt contacted various vendors and one shipyard to
determ ne the acceptance of the standards approach. The findings

were presented at a council-neeting.

This presentation indicated the necessity to conduct an in-

depth study. Ingalls Shipbuilding agreed to pursue this type
of study for a particular ship type and, in agreenment with Bath
|ron Works; Inc., included various nethods of propulsion. Ingalls
felt that diesel and |ightweight (aircraft derivative), and
heavy duty gas turbines were gaining in popularity and-woul (
becone major contenders during the next decade. Equal effort
was expended on each type. Ingalls study was to conplenent that

of Rosenblatt on steam plants.

3.2 STUDY PLAN. The overall approach to the study effort is best
described by a flow diagram (see figure 1).

3.3 PRELIM NARY EFFCRT. To properly analyze the anticipated cost
of procurement and installation, it becane necessary to prepare
machi nery descriptions for the power plants. (see.Appendix B) .
This appendi x includes a description and tabulation of the
conponents of each of the four types of propulsion machinery.

Machi nery arrangenents were prepared to deternmine the feasibility
of installation and establish the power plant designs. These
drawi ngs are included in Appendix B. Each type of power plant is
depicted as an unmanned installation and is shown in enough detail
to assure conformance with the physical limtations of the
allotted area. The design effort led to the scoping of the

engineering effort described in paragraph 4.2.
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34 COST ANALYSIS . Basic cost analysis forns, Appendix C
were prepared to reflect all known procedures related to the

sel ection, purchase and installation of the various propulsion

equi pment.  These were distributed to senior managenent personnel

for independent inputs for cost conparisons. Three experienced

enpl oyees, with different backgrounds, developed the data and

i ndependent|y conpleted the forns. A correlation neeting was

held and each participant expounded upon his input. Sone

adj ustments were made based on this review by | SD managenent.
Results fromthe three independent studies were tabul ated anc

the percent of contenplated savings for each approach and type

of propul sion was determ ned.

The greatest difference of opinion jn the estimated savings was
found in the time saving conmponent. This occurs due to the
conventional versus the automated approach.  (pnsideration was
given to both construction methods. Al though dollarwise there is
a noticeable spread, all three studies indicate significant
potential savings.

The fol | owing assunptions and ground rules ywere established

and utilized during the development of the econonic analysis:

0 Cost analysis would include shipyard (|sp) costs only.
0 No costs of inplenenting standards are included.
0 Total procurenment, manufacturing and engineering costs

woul d be included.

0 Al'l costs would be estimates based on | SD experience.



0 Costs of schedul e advantage would be based on yard
savings in ship tie up costs - no profit potentia
of early delivery is included.

0 Profit, G and A and fee would be included, g price
changes to owner would be reflected in final dollars.

0 Savings woul d be presented in changes in total yard effort.

0 Savings woul d be represented for a single ship procurenent.

4.0 STUDY RESULTS

4.1 IDESCRIPTION OF PLANTS . A prelininary analysis was conducted
to determne which power plants were suitable for the 150,000 dw

tanker. These studies indicated that |ightweight gas turbines,
heavy duty gas turbines, medium speed diesels and steam were suited

to the application. The diesel plant application was conplicated
because three’ engines are needed to meet the horsepower |evel.

Characteristic Par anet er
Cargo Capacity 150, 000 DWI
Range 12,000 Nautical Mles
Speed 16 Knots
Hor sepower 25,000 SHP
Fuel Vari abl e
Propel | er 32' Diameter 4 Blades
Shafting Tai | shaft 29.333 in. dia.
Li neshaft 23.732 in. dia.




The basic philosophy used in, each of these designs was:

a. Unmanned Machinery Space - The propul sion plants are

to be fully automated, with bridge control, to facilitate a conplet¢
unattended engine room

b. Sinplicity of Installation - The propul sion plants,

turbines and gear, and diesel and gear are to be hardmounted on a
conmon bedplate and then hardnounted on the ship. packaging of
service conponents into nmodules will be utilized as much as
possible. An exanple of the use of this type of installation my
be in the packaging of the fuel oil service systeminto a nodule.
The conponents of the nodule would be the fuel oil transfer punps,.
fuel oil filters and the fuel oil strainers.

c. Maximum Wilization of Space - The engine room space is

to be of mninumvolume to provide as nuch extra cargo space as
possi ble. Bul khead |ocations are to remain in the same position

I f possible, for the different power plants so that the same basic
ship arrangenents can be used despite the particular plant. To
reduce fabrication costs, fuel storage will be done in double
bottom tanks and in full breadth tanks |ocated within the engine
room just aft of the forward engine room bul khead. No wing tanks
are to be used.

Four viable, conpact, efficient power plants for a 150,000 dwt
tanker are described in Appendix B. Since only the description

of the power plants was required for the standardization feasibility
study, no effort was nade to evaluate the nerits of the different

plants.  Preliminary econom ¢ conparisons were nade in Appendix D



4.2 DESI GN EFFORT SUMVARY . To guide the econom ¢ eval uation of
standards, the nunber of specifications, diagrams and detail plans

were determned for each plant with the results shown in the

foll ow ng tabul ation:

Pl ant

Description | No. Specifications No. Diagrams | No. Detail Dwgs
Steam 44 16 .24

Medi um

Speed Diesel 2 7 7 1 4

Li ght wei ght 26

Gasg Turbi%e ) b

Heavy Duty 3 1 9 75

as Turbine

The titles of each of these docunents are included as backup

information in Appendix E

4.3 ECONOM C ANALYSI S. Various rules and factors were consi dered
to determne the cost of the four types of plants installed using

t he described approaches. These rules are |jsted bel ow

0 Based on engineering estinmates by senior nmanagenent
(3 individuals).
0 Anahysi s includes propul sion plant only.
0 Three analyses by three independent parties - a|| three preser
0 Format of detailed estimate is shown in Appendix C

0 Estimates reviewed by |SD nanagenent.



0 Effort estimated includes proposal preparation, contract
detail design, revisions, yard support, procurement,
installation, and trials.

0 Hours split into nmanufacturing, engineering, program
management and procurement.
0 Fee
Overhead .
‘ Assumed - Only representative val ues
G&A : .

Hourly Rates

0 Detailed results tabulated in Appendix C for both estimates.

The econom ¢ factors used in the analysis were:
Fee 15%
G&A 6%
Hourly Rates - Including Overhead

Engi neeri ng $13. 00/ HR.

Program Managenent 10.00/HR.

Procur enent 10. 00/ HR

Manuf act uri ng 8. 0O HR.
Tie Up Cost 1, 500/ Day

These are typical, not actual |SD numbers.

The results of the |1SD economc analysis are |isted on Tables I,
1, Il and IV. The estimate of the nunber of schedul e days
saved are shown in Table V. These tables identify a total |ISD
dollars saved including time saved at the rate of $1,500/day.

Note the percentage savings for each of the levels of standards.
Tables VI, VII, VIII and IX identify the manpower areas where

the savings are the nost significant. These are the total
engi neering manhours required in the areas of contract design,

procurenment, and detail design.



o

STANDARD TYPE 1 R N o
ISD 2,947,985 2,930,925 - 2,716,533 2,714,949 . .
MANPOWER ~ S ' N .
COST 2,953,420 2,869,330 . - 2,428,815 2,379,220
39085’260 ’ 3,0257155 ' 2y611’335 2,5439760
RATIO TO 0 0.58% 7.85% 7.90%
NO. 1
STANDARD 0 2.80 17.7 19.4
BASELINE
0 1.95 15.%6 17.55
TOTAL 3,158,485 3,093,425 . 2,716,533 - 2,714,949
ISD
3,448,260 3,362,580 2,986,335 2,543,760
RATIO 10 0 2.06% 13.99% 14, 04%
STANDARD 0 4.0 . o 22.219 25.51
BASE 0 2.48 ! 13.40 26.23
DETAILS OF ANALYSIS - SEE APPENDIX IV
CUTABLE T 0T e




-
-

i DIESEL- T, Y

STANDARD TYPE 1 i R b
ISD . 2,104,078 2,082,580 1,947,063 - 1,943,893
A R 2,003,680 1,941,780 | - 1,725,985 ~ ""1,628,840 -
2,758,735 2,723,905 : . 2,377,470 . 2,338,135
RATIO TO 0 1.02% - 7.46% 7.61%
NO. 1 : |
STANDARD 0 3.00 . 13.8 18.7
BASELINE -
0 1.26 13.82 . 15.25
gggAL 2,314,578 2,245,080 1,947,063 1,943,893
DOLLARS 2,228,680 2,121,780 1,770,985 1,628,840
3,121,735 | 7 3,035,905 2,414,970 2,538,138
RATIO TO 0 3.0% 15.88% 16.,02% -
STANDARD 0 _ 4,70 20.5 26.9
BASELINE 0 Coaus . 22.64 25.10

‘N

W .

DETAILS OF -ANALYSIS - SEE APPENDIX IV

TABLE IT




o

. . AVIATION GAS TURBINE

."'1

2

—

3

-

STANDARD TYPE
1SD - 1,996,434 1,975,570 1,847,185 1,844,015
MANPOWER 1,765,050 1,701,565 - 1,473,330 - 1,393,620 .. |
COST 2,518,370 | . 2,491,255 ° 2,146,615, - 2,052,205
RATIO TO 0 1.05% -7 . 48% 7.63%
N A DARD 0 3.5% 16.5% 21.0%
BASE 0 1.08 14..76 18.57
TOTAL 2,206,934 2,138,070 '1,847,185 1,844,015
DOLLARS 1,990,050 1,881,565 1,518,330 1,393,620
2,881,370 2,803,255 2,184,115 | 2,052,205
STANDARD 0 5.4 23.7 29.9
BASE 0 e 2,71 24.20 28.78
DETAILS OF ANALYSIS '~ ° SEE APPENDIX

'

. TABLE ITI j”,f‘ T




HEAVY DUTY GAS TURBINE .

™

Ty

.‘l‘-

STANDARD TYPE 1 2 |
ISD 2,053,204 2,032,340 1,930,483 1,927,313
géggOWER 1,992,585 1,929,100 ° 1,687,945 = . 1,624,085 -

2,758,735 2,693,205 - 2,372,715 . .| ~ 2,346,060
RATTO 0 1.02% 5.98% 6.13%
ggAggARg 0 3.1 15.2 18.4
BASE 0 2.38 13.99 14.96
TOTAL ' :
ISD 2,263,704 2,192,840 - '1,930.,483 1,927,313 -
DOLLARS 2,217,585 2,109,100 1,732,945 . 1,624,085
3,121,735 3,005,205 2,410,250 2,346,060
RATIO TO 0 3.13% 14.72% 14.86%
NO. 1
STANDARD 0 4.8 , 21.8 26.7
BASE 0 375 22.79 24.85

DETAILS OF ANALYSIS - SEE APPEND

TABLE IV

IX IV




SCHEDULE SAVINGS

(DAYS)

STANDARD TYPE .2 3 /A
ESTIMATE

1 32 147 147

2 30 120 - 150

3 34 217 2L2

TABLE V




W L ‘ o
_AREAS OF SIGNIFICANT SAVINGS - STEAM : . -

L (IN MAN-HOURS) :
FUNCTIONS ‘ . . ‘ :
FALYZED TYPE 1 TYPE 2 - TYPE 3 TYPE &
CONTRACT 6,100 5,800 - 3,600 3,600
DESIGN , 4,700 4,100 2,800 2,700
‘ Iy, 600 3,800 3,600 3,500
16,700 15,900 - ;10,100 10,000
PROCUREMEN : :
T 24,000 20,200 11,900 ~ 11,200
19,500 18,000 - 13,100 12,100
DETAILED 51,300 51,300 46,750 46,750
DESIGN - :
441,000 40,000 31,900 27,500
67,500 67,500 . 58,400 55,500

‘- TABLE VI




AREAS OF SIGNIFI CANT SAVINGS - DI ESEL

(IN MAN- HOURS)
EUNCTI ONS ANALYZED TYPE 1 TYPE 2 TYPE 3 TYPE 4
4,700 3, 500 3. 300 3. 300
CONTRACT DESI GN 3,500 3,200 2,000 1, 900
4,300 3500 3. 300 3. 200
12, 780. 12. 600 8. 800 8. 600
17, 400 14. 600 9. 200 8. 700
PROCUREMENT 16, 800 15. 300 10, 500 9. 500
38. 100 38,100 33. 850 33, 850
DETAI'LED DESIGN 29. 200 ©28.500 21.800 19. 700
60, 500 60. 500 51. 400 149, 900

TABLE VII




AREAS OF SIGNIFI CANT SAVINGS - AVIATION GAS TURBI NE

(1N MAN- HOURS)
FUNCTI ONS ANALYZED TYPE 1 TYPE 2 TYPE 3 TYPE 4

4,700 3,500 3,300 3,300
CONTRACT DESI GN 3,400 3,100 2,000 2,000
4,300 3, 500 3,200 3,100
12, 140 12,000 8, 250 8, 050
PROCURENENT 17,000 14, 100 8, 500 8, 000
15, 500 14, 000 9,700 8, 700
38, 100 38, 100 33, 850 33, 850

DETAI LED DESI GN
28, 800 28,100 22,100 19, 400
57, 500 57, 500 43,900 42,900

TABLE VI 1|




AREAS OF SIGNIFICANT

(IN MAN-HOURS)

™

INGS - HEAVY DUTY GAS TURBINE .

EUNCTI ONS  ANALYZED TYPE 1 TYPE 2 TYPE 3 TYPE 4
CONTRACT DESI GN 4800 3. 600 3. 400 3. 400
3. 400 2 900 2000 1, 900
4300 3. 500 3,300 3. 200
13, 540 13, 400 9,800 9. 600
PROCUREMENT 17. 400 14. 500 9. 200 8. 300
16, 800 14.700 10, 500 9. 500
38,900 38. 900 34. 750 34. 750
DETAI LED DESI GN
28. 800 28. 100 22. 600 20. 400
60, 500 60. 500 51400 50. 400

TABLE | X




4.4 DI SCUSSI ON OF RESULTS

The conposite of the economc results clearly shows that
there is a significant potential advantage to U S. Shipbuilders
by using standards that provide a detailed description of the
available, conponents. It is not so inportant that all conponents
for the same function are the same as it is that the characteristics
of all units to be considered for a function are well defined and
understood by the design engineers.

The percentage savings are relatively independent of the type
of power plant and are nost dependent upon the type of standard
selected. The savings in total 1SD dollars for all types of power
plants are shown in sunmary bel ow. An average total savings
($ X 10-°) is also tabul ated.

STANDARD TYPE

2 3 4
STEAM 2.1 14.0 14.0
4.0 22.2 25.5
2.5 13.4 26.2
DI ESEL 3.0 15.9 16.0
4.7 20.5 26.9

2.8 22.6 25. 1
AV|G/%\T| ON 3.1 16. 3 16. 4
5.4 23.7 29.9
2.7 24. 2. 28. 8
HD GT 3.1 14.7 14.9
4.8 21.8 26.7
3.7 22.8 24.9
AVERAGE 3.5 19.3 22.9

The devel opnent of Standard Procurenent Specifications, (Standard
Type No. Il) indicates a mnor advantage. This must be adjusted by
cost of devel oping these specifications. |t is therefore doubtful
that this approach would be financially attractive.



Standard Type No. Il where in a conplete engineering package is
avai |l abl e, appears to be advantageous and wi Il result in a significant
reduction of cost. The percentages indicated however, are shipyard

cost savings and do not take into account the cost of specification
and plan devel opment. These costs will be "one time only" for

each set of standards plus upgrading to incorporate inprovements
and necessary nodifications. This approach is generally acceptable

by the manufacturers providing that some flexibility is permtted to
all ow retention of manufacturing standards

Standard Type No. IV indicates a basic shipbuilders savings
of a greater proportion than No. [11. This method of inplenenting
standards includes-the specification and plans to reflect equipnent
suitable for use with identical interfaces met with opposition from
the manufacturers because it is restrictive. The cost of converting
the manufacturing procedures would offset the financial gain.

Pre-prepared specifications and plans (as in Type 11l) would
permt the prospective owner tO designate a specific propul sion plant

Al'so the shipbuilder could readily obtain firmprices fromthe manu-
facturers.

The successful bidder could immediately release the plant for
construction. The ships detail construction plans would then be
devel oped taking into consideration the firm propulsion plant design
requirenents.

Rework normally required during the devel opnent of detail
plans, would be nininized. Firm conponent dinensions would permt
systematic devel opment of the construction plans. This would reduce
engi neeri ng manhours aswellas Provi de proper guidance to the
construction departnents at an earlier date.

Plan approval procedures would be sinplified and the normal tir
span reduced. This would be both timesaving as well as reduce manhot
normal Iy expended for this purpose.

Tinme savings woul d reduce the construction period which al so
leads to significant savings. Various docking costs, i.e., insurance

guard service, nmmintenance, etc. would result in major dollar savings
by early delivery.



Type Il standard, a conplete engineering and procurement
approach, has been greeted wth enthusiasm by conponent suppliers.
However nost representatives believed that some funding would be
required for preparation of the standard. Generally, it was felt
that such a procedure woul d necessitate devel opment of extensive
data w thout assurance of receiving orders.

Type 1V was generally rejected in conversation with suppliers.
Sone believed that new designs, castings, etc. would be required.
CGeneral concern, over possible preferential treatment, was expressed.
It was believed that any benefits woul d be negated by stagnation of
design inprovenments on various types and sizes of standardized

propul sion equi pnent.

It was evident that many of the vendors had prior know edge
of this study. Serious consideration had been given to the various
proposals. Responses appeared to reflect the considered opinions
of the manufacturers.

4.5 Vendor. Survey
Several vendors were contacted pertaining to the value of

propul sion standards (See Appendix F) and, as may be expected,
resulted in varied opinions. Generally, however, nost manufacturers
recogni zed sone potential in each proposed method. ppst agreed t hat
standard procurenent specifications (Type I1) would pe desirabl e
provided the specifications were flexible enough to nerpit jndividual
I nnovations to suit nmanufacturing standards.

Type 11l would be very useful but nuch effort \wuld be
required for preparation and keeping up to date.

Type |V was alnmost totally rejected by the suppliers as
being too restrictive.



5.0 Concl usion

These studies indicate that there are potential savings
in ship construction costs by the adaptation of Propulsion
Standards. This is evident by the trends in the three
I ndependent studies by individuals with varied backgrounds.

There is a parallel trend in percentage of savings for the
various types of propulsion. Before actual "dollar value" can be
established, nore research into actual costs will be necessary.
The study is based on a "one ship" effort. A nmultiple ship
contract cannot be equated froma single ship study. There will
be a decline in savings for the multiple ship case.

It should be noted that there will be a devel opment cost fo
the manufacturing standards. Although this may be costly at the
tine of devel opment, it should eventually result in future saving

The use of standards can reduce the engineer effort. Figure
2 illustrates sinplifications that can be instituted. The reductic
in the steps required will speed up release and construction. This
will result in major savings in naintenance, insurance, various
servi ces and docking fees. The time saved during construction
will result in added revenue for the ship owner due to early ship
del i veries.

Further savings could be anticipated by devel opment of
propul si on subsystem nodul es. This would be a logical step once
the equipnent is developed in a standard form

Standard propul sion packages would pernit early devel opment o
basi ¢ hull design. Machinery spaces would be arranged to
acconmodate the propul sion packages during the early stages of

design effort. They would be assenmbled by suppliers specializing
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6. 0 RECOMVENDATI ONS
1. Survey all manufacturers to determne the cost of

produci ng standard design packages. Consider, also the cost
of obtaining approval, of standards, from the various regul atory

bodi es.
20 Extend the study effort into various classes of ships.

Suitabl e horsepowers of the four methods of propul sion should be

sel ect ed.

3. Review and conpile all data. Reduce the findings to a
usable formand circulate to all interested parties for application.

4. Prepare sone standards for several power plants that are

most useful and apply themin actual practice to test their

utility.
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APPENDIX A
-~ AGREEMENT -
MEMO OF UNIBEROSTANDTNG

IHTLRPRBTATION OF PROPULSION STAIIDARDS PROCRAM
VIGRK STATEMENT

It is understood that Ingalls Shipbuilding will carry out
the following tasks as en interpretation of the Prorulsic:
Standards proposal dated 14 June 197&

(1) Define and layout 4 propulsion plants fer a
150,000 dwt terxer including steam, medium
speed diesel heavy duty gas turbine and
aircraft derivative gas turbine plant. .

74
(2) Define/;w%%iaveTS of standards applied to the -
5 componénts of the &4 propulsion plants listed
above: (1) one thet is a full descripticn of
v the component bj a data package that is wnicue
' each to vendor's component, 224 (2) anciher
standard that is an 1nterface and perforzzance

- emetma s

specwfaca icn epplicgble for gll -components cof

L

a given size rangegn a)_44 a;a_ﬂszaak/ﬂ,arz:Jau

0;25ﬁf@ﬁ’
(3) Evaluate the cost differéential to Ingalis

Shipbuilding ty the application of the two

levels of stancdards described zbove to the

propulsicn plent to the 150,000 dwt tanker.

The economic analysis will include the e__ec- cn .- ’

englneerlng Fa“—hours, production man-hours, and
procurenent related costs.

(4) Contact informelly 6 to 8 suppliers of key
propulsion coxponents to solicit information
on (a) the merits of the two types of proposed
standards, (b) the acceptatbility of the two
proposed tyres cf standards, (c) aprroximate
costs of developing the data type of standard.

.(5) Review and comment on Rosenblatt selecticns an

-\4-- .a

~
definitions of Prcrulsion Standards prerared &s
a part of their BIV study.

(6) Prepare a report covering the results of the 5
tasks itemized above. .

7/ /7 /) Y AN

' FORD " F. ’KOSOI'SK I/
BATH IRON WORKS INGALLS V%XPBL DING
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ENGINEERING TECHNICAL NOTE #1

FOUR POWER PLANT DESIGNS
' FOR A '
150,000 DWT TANKER

R. A. LEVINE, D. A. RAINS, H. T. CHEYNE, .
AND J. R. DENSON

TN-1 | VA o
‘ ' I. A. Rains
Advanced Engineering Prcgrams



FOUR POWER PLANT DESIGNS FOR A
150,000 DWT TANKER

ABSTRACT .
. This note summarizes a description of the four power plant
designs that are being done for the Maritime Administration funded
"Power Plant Standardization Feasibility Study". The four pcwer
plants that were chosen are; steam, lightweight gas turbine,
heavy duty gas turbine and medium speed diesels.

Prellmlnarj analysis to determine which power plants were
suitable for the 150,000 DWT tanker was done in Reference 1),
Reference 2), and Reference 5). These studies indicated that
lightweight gas turbines, heavy duty gas turbine and medium spesd
diesels were the most ideally suited. Steam was added for comparison
purposes. o -

CHARACTERISTICS o
CARGO CAPACITY - 150,000 DWT
RANGE - 12,000 NAUTICAL MILES
SPEED ’ 16 KNOTS
HORSEPOYER : ' 25,000 SHP
FUEL * VARIABLE S
PROPELLER  32' DIAMETER 4 BLADES
_SHAFTING TAILSHAFT = 29.333" Dia.

LINESHAFT | 23.732" Dia.

DESCRIPTION OF MACHINERY

A. BASIC PHILOSOPHY

1. Unmanned Machinerv Space - The propulsion plants ar
: to be fully automated, with bridge control, to fac1lluate
a completely unattended engine roomn.

2. Simplicity of Instz2llation - The Dronulslon planu-,
furbines and gear, and aiesel and gear are to be hard-
mounted on a common bedplate and then hard mounted on
the ship. Packaging of service components into modules

- will be utilized as “much as possible. An example of the .
* Use of this type of installaiicn may be in the packzzinz of
the fuel oil service system into a module. The components
. .of the module woild be the fuel oil transfer pumps, fuel
0il filters and the fuel oil strainers.

e = * e



-

3. Maximum Utilization of Spmace - The engine roon svace is

to be of minimum volume tTo provide as much extra carg

space as possible. Bulkhead locations are to remain iy

the same position, if possible, for the different oower
plants so that the same basic ship arranzements can be used
despite the particular plant. To reduce fabrication costs
fuel storage will be done in double bottom tanks ard in
full breadth tanks located within the engine rocm, Sust
aft of the forward engine room bulkhead. No wing tanks are
be used. . “xpt )

B. DESCRIPTIONS

1. Systems Diagrams - Diagrams showihg schematic presentaticn
. ..0of various systems can be found in the following figures

.

Steam
Fig. 1 Main Steam System
. Fig. 2 High Pressure Feed System
__ .Fig. 3 BSea VWater Circ. System
" Fig. 4 TFuel 0il Service System
- Fig. 5 Diesel 0il Service System
Fig. 6 Lube 0il System

. . ightweisht GCas Turbine

Fig. 7 Fuel 0il System

Fig. 8 Lube 0il Systenm

Fig. 9 Sea Water Cooling System
* Pig. 10 Start Air System !

Heavy Dutv Gas Turbine

Fig. 11 Fuel 0il System
Fig. 12 Lube 0il System
Fig. 13 Sea Vater Cooling System

Medium Speed Diesel

:-Fig. 14 Fuel and Diesel 0il Service System
Fig. 15 Fuel.and Diesel 0il Transfer System
Fig. 16 Lube 0il System
Fig. 17 Start Air and Control Air System



2. Equipment Lists - Lists of equipment that are required
can be found in the following tables:

Table 1. Steam Machinery List

Table 2. Lightweight Gas' Turbine Machinery List -
Table 3. Heavy Duty Gas Turbine Machinery List
Table 4. Heavy Duty Gas Turbine Machinery List

3. Arrangement Drawings - Machlnery arrangement drawings
have been prepared for this tanker. They are shovn in
the followlno figures: .

Figure 18 Steam Machinery Arrangements
. Plan No. PSE-8159-1540-0-1
Figure 19 Lightweight Gas Turbine Machinery Arrangemepts
A Plan No. PSE-8199-2S40-0-1
Figure 20 Heavy Duty Gas Turbine Machinery Arrangement
Plan No. PSE-8199-35A0—O-

'Figure 21 Medium Speed Diesel Machinery Arrangement
. Plan No. PSE-8199-4S40-0-1

4. . Vendor Data -~ Vendor data concerning some of the major
components can be found in the following tables.

-Table 5 Steam. ) o

- Table 6 Lightweight Gas Turbine

"Table 7 Heavy Duty Gas Turbine
Table 8 Medium Speed Diesel -

5. Alternative Designs - The use of a ducted propeller
as a pOSSlDle alternative, for the reduction in size
“and an increase in efficiency. This alternative is
discussed fully in Reference 4) and is illustrated in
Figure 19. .

CONCLUSIONS

Four viable, compact, efficient power plants for a 150,000
DWT tanker are described. Since only the description of the
power plants was required, for the standardization feasibiiity
study, no effort was made to evaluate the merits of the different
. plants. Preliminary economic comparisons were made in References
1), 2),7 3). Should a.more-detailed comparison be required: this
study will serve as an excellent basis for such an effort. '



References:

1)

2)
3)

k)

TN-7A; B. T. Jeavons, D. A. Rains, & H. T. Cheyne,
"A Propulsion Plant Comparison for 120,000 DWT Tanker"

TN-8; D. A. Rains "Steam Generation System Evaluation
for a 120,000 DWT Tanker"

TN-25; R. A. Levzne D. A. Rains & H. T. Cheyne
420,000 DWT Tanker Machinery Design Status Report"

TN-20 "Ducted Propeller Applled to the 120,000 DWT. Tanker™®
by D. A. Rains
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10.

11.
12.

13..

11!‘.

15,

16.
17.

18.

19..

' 20.
21.
22,

23.
24,
25,
26.
27.
o8,
29.
:30.
31.
532.

.DFT '-- = fe - . . ® e i =L ."_... . )
_COMBINATION 1St STAGE FFED HEATER, GLAND EXH. . T

TABLE 1.
.STEAM PROPULSION PLANT & AUXILIARY MACHINERY LIST

DESCRIPTION
H.P. TURBINE
L.P. TURBINE . S
REDUCTION GEAR ST T
THRUST BEARING ST R
LINE SHAFT BEARING -~  ~.0% =

' SHAFTING ST D T g se

STERN TUBE & BEARING SRR e LTI
STERN TUBE SEALS (Inboard & Outboard) -
PROPELLER (Fixed Pitch). - - ~ .7'ti. il 0y
MAIN CONDENSER B O >

MAIN CIRC . PUI-IP ’ . ..: ".: - . E.‘.'“ ~'-,-.‘--.'~'_.~ -'_ . :,-:_.-' ’.:.':,_'.;, ..'. .: =.;. -
VACUUM PUMP Sl s, .
LUBE OIL COOLER ' sy

' B .
P SR QL S N
’

DL S VI CRRAY -

LUBE OIL PUMPS R T
LUBE OIL FILTER Co T e
LUBE OIL PURIFIER LT
LUBE OIL HEATER .. W0 .- 7o 00 - b s e
MAIN BOILERS R '““";ﬁlf‘;f'}:ffii
MAIN FEED PUMPS BRI i A
EMERGENCY FEED PUMP I S

Vo

CONDENSER AND DRAIN COOLER o
THIRD AND FOURTH STAGE HP FEED HEATER
EYHAUSTER GLAID LEAXOFF '

FEED SAMPLE COOLER T
BOILER AIR HEATER P SR N
FORCED DRAFT FANS . '

PRIMING PUMP T .
F.0. SERVICE PUMP LS LT s
F.O. TRANSFER PUMP AR
F.0. FILTER COALESCER .
F.0. HEATER - Lo eTh e TETMIE T

- . .. R I -y o s »
. . ' '

[
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33.
3k,

35. .

36.
37.

- 38.

e .

39.
40.

..

L2,
43.

L,

45.
46.
47.

49. .

50.
-51.

© 52,

53.
5L,
55.
56.

57,
59,

60.

TABLE 1. (CONT'D.)
STEAM PROPULSION PLANT & AUXILIARY MACHINERY LIST

DESCRTP""IO‘I . .
SHIPS SERVICE AIR COMPRE SSORS
SHIPS SERVICE AIR RECEIVERS.
EMERGEHNCY AIR COMPRESSOR
EMERGEMNCY AIR RECEIVER

DISTILLING PLANT S

DISTILLING PLANT SW FEED PU'VIP

DISTILLING PLANT BRINE PUMP OVERBOARD DISCH.
TANK CLEANING SW HEATER & TRAIN COOLER

SHIPS SERVICE TURBO GENERATOR
EMERGENCY DIESEL GENERATOR
DIESEL OIL FILTER COALESCER
DIESEL GEN LUBE OIL COALESCER
DOMESTIC VATER HEATER & TANK
BILGE PUMPS N,
FIRE PUMPS o
 DOMESTIC WATER PUMES

SW SERVICE PUMP

TANK CLEANING PUMP
ATMOSPHERIC TRAIN PUMP
PURIFIER WATER PUIMP
OBSERVATION DRATN TANK

FEED & CONDENSATE DRAIN TANK
 CONDENSATE PUMPS ,
SEWAGE TREATHENT PLANT
“POTABLE &. SAIITARY. PUMPS

HOT WATER CIRC PUIMP

DIESEL GEN FO DAY TANK

L . 0 . STOR!\xGE T}Uﬁis g \N.. - ..-.':- B - ..;.

oy,

'_..st.\)..\'m..\'_x"..s_\_\'..smmm..:s'..'s-.x.'s'm..\..s..\.l.'\-..\.\\pm

-~ .



1.
2.

3

L,

5, "

7o
8.

9. .

10.
11.
12.

13.

14,

15.

16.
7.
18.

24.
25.
26.

27. .
28.-
'29.
30.

32.
33.

TABLE 2.
LIGHTVETCHT GAS TURBINE

PROPULSION PLANT & AUXILIARY MACHINERY LIST

DESCRIPTION

MAIN ENGINES T 1M 2500%
REDUCTION GEAR (REVERSING)
THRUST BEARING '

'LINE SHAFT BEARING

SHAFTING
STERN TUBE & BEARING

"STERN TUBE SEALS (Inboard & Outboard)

PROPELLER (Fixed Pitch)
SHIPS SERVICE AIR CO:TPRESSOR
SHIPS SERVICE AIR RECEIVER
FO SERVICE FUMPS o
FO FILTER

FO STRAINER T e e g;
-FO TRANSFER PUMP S e

DIESEL OIL TRANS PUMP
LO SERVICE PUIPS

LO SUMP TANK s
I’O FILTER ’ - :'E.- .:j__... e ;,- .

LO PURIFIER e
'LO HEATER R

Sil COOLING PUMPS -
SW STRAINER BT
ATIR INLET DEMISTER

AIR INLET SILENCER
EXHAUST-SILENCER (ME)

'EXPANSION JOINTS EYHAUST SYSTEHM ME

WASTE'HEAT BOILER
BOILER FEED PUMP
BOILER FEED WATER SAMPLE COOLER

DIESEL OIL TANKS

fge

)

" LO TRANSFER PUMP R R T S RS
19. B
20,
21,
22,

23, ",

_TAKE HOME MOTOR (2000 HP) = ;Jﬁfj;;;féif

r
.
coaf
P

¢

-
]



:35.
36,
: 370

.38

o
.

42,

. 3.

b5, -

'l_LG.
47,

Lo,
50, .

52.
53.
" 5.

5.

CUVDESGRIPTION | . L ¢ AetvgmE s Tl LohEIATe 4

£
" DISTILLING PLANT -

'POTABLE & SANITARY WATER PUMPS
_SHIPS SERVICE DIESEL GEN'ERATOR

 SLUDGE PUIMP S

'DIESEL OIL STORAGE TANK

TABLE 2 (CONT'D. )

LIGHTWEIGHT GﬁS TURBTNL
PROPULSION PLANT & AU}ILIARY MACHINERY LIST

oV v ee e .-

WATER WASH PROPORTIONING UNIT

DISTTLLING PLANT SW FEED PUMP Lo

" DISTILLING PLANT BRINE PUMP OVERBD DISCH.

1

OBSERVATION DRAIN TANK Ce e -
FEED AND CONDENSATE DRAIN TANK -
SEWAGE TREATMENT PLANT e A TL

HOT WATER CIRC. PUIP I - L e T

BILGE PUMPS O S S

T NPT SR

FIRE PUMPS ST R T

SHIPS SERVICE DIESZL GEN EXH. SILENCER | .
EMERGENCY DIESEL GEN. : TR
EMERGENCY DIESEL GEN. EXH. SILENCER BRI

POTABLE HOT WATER HEATER

POTABLE WATER STORAGE TANK R
S/S GEN DO DAY TANK S W e
EMERGENCY GEN DO DAY TANK . .. ™ ¢

3
et AT A A e N AT S S T o

LUBE OIL STORAGE TANKS R SR PR

2
2



1.

3.
4

15.
16.
A7.
.18,
19.
20.
21,
.22,
-23.
2k,

‘25- .

26.

27.
28, -

29.
30.
31.
32.

_ HEAVY FUEL OIL FORVARDING UWIT

33.

TABLE 3.

HEAVY DUTY GAS TURBINE
PROPULSION PLANT & AUXILIARY:-MACHINERY LIST

" DESCRTPTTON

MAIN EHGINES H/D GAS TURBINE

" . REGENERATOR & PIPING S
_ REDUCTION GEAR LA

THRUST BEARING
LINE SHAFT BEARING
SHAFTING

. STERN TUBE & BEARTNG SRS
. STERN TUBE & SEALS(Inboard & Outboard)

PROPELLER (Fixed Pitch)
SHIP SERVICE AIR COMPRESSOR
SHIP SERVICE AIR RECEIVERS
AIR INLET DEMISTER '
AIR INLET SILENCER

LXHAUST SILENCER (ME) =~ e

EXHAUST SYSTEM EXPANSION JOINTS (ME)

DISTILLATE FORWARDING UNIT
FUEL FILTER TRANSFER UWIT
HEAVY FUEL ANALYSIS UNIT
FUEL WASHING UNIT

 VATER WASH PROPORTIONING UNIT IR
DE-EMULSIFICATION UNIT el e

FUEL PROCESSIHG COuThOL UNIT B F .':.j." .

F.0. SERVICE BOOST PUNMP
F.0. TRANSFER PUIP
F.0. SERVICE TANX

.L.0.. SERVICE PUMP-

L.0. COOLER I R
L.0. TRANSFER PUMP R
L.0. PURIFIER e T :
L.0. HEATER

L.0. SUMP TANK

SLUDGE PUMP

!

3

L

Vel ad 3 ed 3 el o3 el el SR Ped cd wd o od N fas
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TABLE 3. (CONT'D.) .

HEAVY DUTY GAS TURBINE °
PROPULSION PLANT & AUXILIARY MACHINERY LIST

“°  ° DESCRIPTION
“34, SW COOLLiiu PUMPS

'35.  SW STRAINER

36. OIL FIRED BOILER

37. :BOILER FEED PUMP .
38. BOILER WATER SAMPLE COOLER
39. BOILER EXPANSION TANK o
40.  BOILER CHEM MIXING TANK | ‘%"
‘41, ~ RESERVE FEED TANK R

42,  OBSERVATION DRAIN TANK - ‘. =i -

43, FEED AND CONDENSATE DRAIN TANK

.44, ° DISTILLING PLANT ST e

45. DISTILLING PLANT SV FEED PUMP ST,
46, DISTILLING PLANT BRINE PUMP OVERED DISCH.
7.  SHIPS.SERVICE DIESEL GENERATOR

48.  SHIPS SERVICE DIESEL GEN. EXH. SILENCER
49,  EMERGENCY DIESEL GEN. -

50.  EMERGENCY DIESEL GEN EXHAUST SILENCER

51. . S5/S GEN DO DAY TANK LT e :{:~

- 52, EMERGENCY GENERATOR DAY TANK
53. DIESEL OIL TRANSFER PUMP
54. DIESEL START AIR SYS.

/55.  LUBE OIL STORAGE TANKS ~ - ~}.",?: o

56.  DIESEL OIL STORAGE TANKS SO
"57.  SEWAGE TREATMENT PLANT ST

58. POTABLE, SANITARY WATER PUMPS
59.  HOT VATER CIRC PUMP .
60.  BILGE PUMPS

L -

61, FIRE PUIPS, LT

0
-3

.

. .
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:26.

31.

"ME JACKET WATER COOLER

TABLE 4

MEDIU#! SPEED DTDSTL

PROPULSION PLANT & AUXILIARY MACHINERY LIST

" DESCRIPTION

MAIN ENGINES

REDUCTION GEAR

THRUST BEARING

LINE SHAFT BEARING
SHAFTING ' A
STERN TUBE & BEARING -

STERN TUBE SEALS (Inboard & Outboard)

PROPELLER (Fixed Pitch)

" SHIPS SERVICE AIR COMPRESSCRS

SHIP SERVICE AIR RECEIVERS
MAIN SW CIRC PUMP
AUX. SV CIRC PUifP

ME JACKET CW EXPANSION TANK

PISTON CW TANK

ME LUBE OIL COOLER

ME STANDBY LUBE OIL PUMPS
LUBY OIL STORAGE TANXK
LUBE OIL PURIFIER

LUBE OIL HEATER

" LUBK, OIL FILTER

LUBE OIL STORAGE TANKS
LUBE OIL TRANSFER PUMP

FUEL OIL SERVICE PUiP (Boosm) R

ME JFUEL OIL PREHEATER
ME UEL OIL RETURN TANK

- ME| IUDL OIL FILTER

FULL OIL TRANSFER DU'IP (ME)
HEAVY OIL TRANSFZR PUMP
HEAVY OIL PREHEATER

OIl. FIRED BOILER

BOTLER FEED PUMP Lo U




33.

Bl

' 35.

36.

37.

" "38.

39.
40.
L.
L2,
43.
L4,
45,
46,
4L7.

L8,

49.
50.

51.

52.
53.
54.

55.

TABLE 4. (CONT'D)

MEDIUM SPEED DIESEL
PROPULSION PLANT & AUXILIARY MACHINERY LIST

CTUDESCRIPTION - T ol Ta e s

BOILER EXPANSION TARK

BOILER CHEM. MIXIKG TANK
BOILER FEED WATER quTPLD COOILR
RESERVE FEED TANK R
DISTILLIRG PLANT e
DISTILLING PLANT S.VW. FEED PUMP

DISTILLING PLANT BRINE PUIP OVERED. DISCH.
SHIP SERVICE DIESEL GENERATORS N

SHIP SERVICE EXHAUST SILENCER
EMERGENCY GENERATOR SET

EMERGENCY GENERATOR EXHAUST SILENCER
SHIPS SERVICE GEZN DO DAY TANK
EMERGENCY GENERATOR FO DAY TANK

DIESEL START AIR SYSTEM- o
SEWAGE TREATVENT PLANT '
BILGE PUMPS

FIRE PUIPS S
OBSERVATION DRAIN TANK LT
FEED & CONDENSATE DRAIN TANK '
POTABLE & SANITARY WATER PUMPS

HOT WATER CIRC. PUMP

'SLUDGE PUIP

DIESEL OIL TRANSFER FUIP. -

- .,

— « . .- -
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.'..\...\..\,-N-..\-.\l'\)NN,'N RN CR X S G G G GNP G e

g



TABLE 5.

STEAM
(BASED ON APL-FARRELL)

BOILER .
MANUFACTURER COMBUSTION ENGINEERING
NUMBER , 2
TYPE a SINGLE FURNACE, SINGLE UFTAXE,
: SIDE FIRST )
PERFORMANCE (EACH) BOILER " NORMAL -OVERLOAD
SUPERHEATED STEAM, LBS/HR - 87,200 04,500
SUPERHEATER OUTLET PRESSURE, PSIG 870 857
" SUPERHEATER OUTLET YEMP, °F . 955 . 955
DRUM DESIGN PRESSURT, PSIG . 4,050 1,050
FEED TEMPERATURE, °F - 408 350
GUARANTEED EFFICIENCY, % o 89 - 88.5
DRAFT LOSS, IN. H»O0 13 19.41
HEAT RELEASE RATE, BTU/HR/CU. FT. 70,000 90,000
TURBINES
MANUFACTURER- ' WESTINGHOUSE ELECTRIC CO.
- NUMBER PER SHIP 1 _ .
- TYPE HIGH SPEED, CROSS COMPOWID,
- . H.P. AND L.P., GEARED
NORMAL AHEAD POVWER, SHP 26,000
MAX. CONTINUOUS AHEAD, SHP 28,500
ASTERN POVER @ 27.5 IN. Hg.VAC,SHP 21,375
TURBINE INLET STESAM PRESSURE, PSIG 850
TURBINE INLET STEAM TEMP., °F 950
EXHAUST VACUUM (AHEAD) IN. Hg. 28.5
_TOTAL NUMSER OF EXTRACTIONS L
EXHAUST VACUUM (ASTERN), IN. Hg. . 27.5
GUARANTEED ST=:iM RATE @ NORMAL LOAD,
NON-EXTRACTZING LBS/SHP-HR 5.50
) PSIA LB/HR
. FIRST H.P. EXTRACTION 332 10,932
. SECOND H.P. EXTRACTION . 176 ' 11,175
CROSSOVFR EYTRACTION L . 72.9. ... .. 6,189.

' L.P. EXTRACTION ~. ~ ~_:..0n . 1w2 oo 15,074



TABLE 5. (CONT'D)

MATN PROFULSION CEAR

MANUFACTURER WESTINGHOUSE ELECTRIC CO.
NO. PER SHIP 1 .
TYPE ARTICULATED DOUBLE REDUCTION,
DOUBLE HELICAL
NORMAL PROPELLER SPEED, RPM 103
MAX. CONTINUOUS PROPELLER SPEED, RPM 106.5
TURNING GEAR MOTOR RATING, HP 10
SHAFT TURNING GEAR SPEED - 4 REV. IN 10 MIN.
MAXIMUM "K" FACTOR -
FIRST REDUCTION 140

SECOND REDUCTICN 110



i

TABLE 6.
LIGHTWEIGHT GAS TURBINE

GAS TURBINE

MANUFACTURER CENERAL ELECTRIC CO.

NUMBER 1

TYPE 1M-2500-X Supercharged

RATED 25,000 SHP @ 80°F Inlet Air
TAKE HOME POWER 2000 HP - AC Motor

SPEED -6.9.KNOTS

REDUCTION GEAR

VASTE

"MANUFACTURER WESTINGHOUSE ELECTRIC CO.

NUMBER 1 .. ‘
TYPE . ARTICULATED, DOUBLE REDUCTZION,
DOUBLE HELICAL, REVERSING nNO. Ni-22
REDUCTION RATIO 44,9421 EAhead)
' 45.5127 (Astern)
WEIGHT -~ GEAR 220,000 Lbs

. Thrust Brg. 54,000 Lbs

274,000 Lbs

MAXTIMUM "K" FACTOR
FIRST REDUCTION 140
SECOND REDUCTION 110

HEAT BOILER

MANUFACTURER COMBUSTION ENGINEERING

NUMBER 1

BOILER PERFORMANCE
DRUM PRESSURE - 150 PSIG
FEED WATER TEMP. 120°F

. TOTAL EVAFGRATION .. 59,500 Lb/Hr -. - - s

GAS TEMP. ENTERING BOILER 925°F . .1 ... «n
GAS TEMP. LEAVING BOILER L50°F L
TOTAL DRAFT LOSS . -3.6 In. H.g. L
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TABLE 7.
HEAVY DUTY GAS TURBINE

GAS TURBIKE AND REDUCTION GEAR

MANUFACTURER _GENERAL ELECTRIC
NUMBER 1
TYPE MODEL MM5002R-B
| .. FRAME 5 REGENERATIVE
! . - GAS TURBINE
PERFORMANCE _

_ RESIDUAL FUEL DISTTLLATS :
OUTPUT SHP " 26,900 - 28,700
SPECIFIC FUEL
CONSUMPTION Lb/Shp-Hr 0.459 0.427
AIR FLOW Lb/Hr : 916,000

Ratings @ 59°F Ambient, 3" H20 Inlet Pressure Drop,
5" Ho0 Exhaust Pressure Drop, 14.7 psia Ambient and
a Reduction Gear Efficiency of 98%

,.;“eights (Lbs)

TURBINE AND BASE . 213,000
REGENERATCOR 250,000
REDUCTION GEAR 160,000
THRUST BEARING . 38,000.

661,000

SHIP SERVICE STEAM

BY STEAM GENERATOR



MEDIUM SPEED

TABLE 8.

MEDIUM SPEED DIESEL

DIESEL

MANUFACTURER
NUMEER
TYPE .

RATED i
RPM

BMEP -
CYLINDERS
BORE

STROKE

DISPLACEMENT -

PISTON SPEED
FUEL

REDUCTION GEAR

DELAVAL ENTERPRISE
2

DMRV-20-4, TURBOCHARGED INTEZRCOOLZ
SOLID INJECTION 4 CYCLE, REVERSII

12,500 BHP

_450

231

20

17"

241 ‘

95,332 Cu. Ni.

1575 Ft. Per Min.

No. 2 or Heavy Fuels Up to 3600
‘Redwood No. 1 Seconds at 100°F

Purchased with Engines Doutle Input - Single Outpux
450 to 120 RPM Reduction

SEIP SERVICE

STEAM

By Steam Generator
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ABSTRACT

A prelimnary line plan for a 150,000 DWI tanker was used
to develop the base |line machinery arrangenments for several
power plant types.

| NTRODUCTI ON

This technical note sunmarizes a studg to investigate designing
a common machi nery space for a 150,000 DM tanker so that any

one of four (4) 'selected propulsion plants could be installed
in the sane sized machinery space with a mninuminpact on the
design of the ship structure. A so the study investigated ways

to locate the machinery and auxiliaries in the same general area
within the space in an effort to standardize the arrangement of
machi nery regardless of the type of propul sion plant selected.

1.0 Propulsion Plants

Four propul sion plants capable of devel oping 25,000 SHP
were considered and are as fol [l ows:

(1) Steam Turbine Plant - Mnufacturer - \Westinghouse
Type - Hi gh Speed Cross Conpound HP & LP

(2) Medi um Speed Di esel - Manufacturer - Colt Pielstick
Type - 18 Cylinder "V 3 engines required

(3) Light Wight Gas Turbine - Manufacturer - Pratt-Witney
ype - Single FT-9

(4) Heavy Duty Gas Turbine - Manufacturer - Ceneral Elect
Type - "Mdel Mb002R-B Frame 5 Regenerative

2.0 Design Philosophy

(1) Standardize the ship structure in the prelimnary design
stage to define structural assenmblies and establish assenbly breaks
inway of the machinery space. The design of assenblies shoul d
include foundations for machinery and equipment. They shoul d be
structurally conplete as far as possible to facilitate pre-outfitti
of the assenbly. The overall size and weight of pre-outfitted

assemblies will be governed by the lifting and handling capabilitie:
of the shipyard.



(2) The main nmachinery space is to be of the m ni mum
vol ume to provide. as nuch extra cargo space as
possi bl e.

(3) In the prelimnary design layout of machinery within
the space, every effort should be made to locate the
machi nery and conponents in the sane general area
wi thin the machinery space regardl ess of the type of
propul sion plant selected.

(4) Devel op machinery installation packages conposed of
' functional |y related nmachinery and conponents capabl e
of being installed in the structural assenblies Ln

order to: _ _ _
(a) Facilitate production/installation at assenbly
stage. ' ”

ébg Support series ship production concept.
c Support assembly design concept in way of
machinery spaces.

(&) Permit off-ship pre-assembly of packages to
effect;vely optimize cost benefits of production
packaging by pre-outfitting the machinery spaces

- @5 much as possible in the assembly stage.
(5) During the devel opnent of the base |ine arrangements
due consideration was given to the follow ng:

a) Shaft removal and accessibility

b) Maintainability of units

¢) Lifting and withdrawal of components
d) Location of control center

3.0  STUDY RESULTS

1. Prelimnary investigation and study of the four (4)
sel ected propul sionplants was undertaken and in the course ‘of
devel opnent of the base Iine arrangements it becanme evident
that only three (3) of the four (4)power plants could be fitted
into a common nmachinery space and meet all of the design phil osophy

reviously outlined. The three plants are as follows: Sieem Tuoni.
Nedi um Speed Diesel, and Light vgight Gas Tur bi ne. Steem Turb:

_ 2. TheHeavy Duty Gas Turbine with its regenerator, due to
its overall height, length and configuration would have required

a longer overall length fTor the engine roomand nore space between
deck levels and superstructure. Thys this plant was not
considered further in the evaluation.”



4.0 Equi pnent Li st

A list of equifnent that was used in the study can be
found in Tables 1, 2, and 3. This list is prelimnary at
this time and quantities given are for major conponents.
More conplete information is being prepared.

Table 1 ~ Steam Machinery List . .
Table 2 Medium Speed D esel thhlnerK.Llst
Table 3 Light Weight Gas Turbine Machinery List

5.0  Arrangenent Drawings

~ Machi nery arrangenent draw ngs have been prepared for
this study and are as foll ows:

Plan No. 1  Steam Turbine Arrangement
Pl an No. Medi um Speed Di esel Arrangenent
Pl an No. Li ght Weight Gas Turbine Arrangenent

wWN

6.0 Concl usions

Three (3) base |ine nachinery arrangements were
devel oped and standardi zati on of t'he machi nery space and
machi nery layout was achieved in the follow ng areas:

1. Established cormon overall Iength of machinery
space for all three arrangenents. .

2. Selected common heights for deck and machinery
flat levels within the machinery space capabl e of
servicing any of the three (3) Selected plants.

3. Located the main fuel tanks within the nachinery
space common for all three arrangenents.

4, Located main access hatches and |adders comon for
all three arrangenents.

5. Located main grating levels. common for all three
machi nery arrangenents. _

6. The main reducticn gears were located in the sane
relative position for all three nachlnerg arrangenents.
7. Selected main FFOEU|SIOH shaft hei ght above base
line common for all three PropuIS|on plants.

8. Selected propeller shatt overall length common for
all three arrangenents . o

9. Located line shaft bearing positions common for all
three arrangenents . .

10. Machinery identified as installation packages was

| ocated in all three machinery arrangenents in the sane
relative position and are as foll ows:



.a. Fuel oil equipnent.

b. Sub-oil equipnent

c. Ship service generators

d. Distilling plant and punp

e. Starting air system

f. Local operatlng station

g. Boiler feed tank and punps

h. Sub-oil storage tanks.

3. S.W cooling punps

k. Main engine fuel oil day tanks
1. Ships service generator: fuel oil day tanks
m. Sewage plant

n. Fire punps
o. Bilge punps

7.0 Summary

- This study denonstrates the feasibility of standardization
within the nachinery space, byt it would be necessary to do a
more detailed study ‘of outfitting the conplete machifery space
as outlined in the three (3) basic machinery arrangenents. This
study together with the nmachinery arrangenents should serve as an
excellent basis for such an effort. #n resent day ship constructi
it is necessary to consider the work functions o Yhe various
engi neering and design departments involved and the inter-relations
between them and establish effective |iaison during the early phase
of ship design, particularly in relationship to machinery space
design. = The devel opnent of  new techni ques I n ship production such
as fabricating assemblies, pre-outfitting machinery in the assenbly
stage, installing piping, valves f|tt|n%, W reways, vent duces. . etc
within assenblies only sStress the need Tor effective pre-p aﬁnlﬁg,
and cl ose cooperation by engineering design departnents and
producti on, he inplementati on of nmaxi mum of f-ship pre-assenbly.
and sh|ﬁ,assenbl¥ outfitting in the main machinery space area prior
to launching and the consequent reduction of time, |abor and cost
expendi tures during ship assenbly should result in an overall cost
saving in ship production.
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TABLE 1

STEAM PROPULSI ON' PLANT AND AUXI LI ARY MACHI NERY LI ST

DESCRI PTI ON

HP Tur bi ne

LP Tur bi ne

Reduction Cear

Thrust Bearing

Line Shaft Bearing

Shafting

Propel l er (Fixed Pitch)

Mai n - Condenser

Main Circ. Punp

Vacuum Equi pnent

At mospheric Drain Inspection Tank & Punp

Contam nated Drains Tank

S.W Service Punp

1st Stage Feed Heater d and Exhaust
Condenser and Drain Cool er

Third and Fourth Stage Feed Heater

Lube G| Cool er

Lube QI Punps

Lube G| Purifier

Fire Punps

Bi | ge Punps

Ships Air Conpressor

Control Air Conpressor

Air Receivers

Control Air Receiver

Main Boilers

Mai n Feed Punps

Boi | er Test Stand

Distilling Plant & Punp

Distilling Plant Overboard Pump (Brine)

Ships Service Cenerator (Steam

Local Operating Station

Sewage Pl ant’

B ‘ L}
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Ship Set
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TABLE 2

MEDI UM SPEED DI ESEL PRCPULSI ON PLANT &
AUXI LI ARY MACHI NERY LI ST

DESCRI PTI ON
1. Miin Diesel Engines
2. Reduction Cear
3. Thrust Bearing
L. Line Shaft Bearings
5. Shafting
6
7
8

3

Ship Set
. Propeller (Fixed Pitch)
7. Ships Service A r Conpressors
. Ships Service Air Receivers
9. Min Engine SWCirc. Punps
10.  Standby SSW Circ. Punps
11.  ME Jacket Water Coolers
12.  ME CW Expansi on Tanks
13 ME Lube Ol Coolers
14, Main Reduction Gear Lube Q| Cool er
15, Main Reduction Gear Standby Lube 'O Cool er
16. Lube O Purifiers
17. Lube QI Punp (Engine Driven)
18, Standby Lube Q1 Punps ,
19. ME Jacket Water Punps (Engine Driven)
20. Standby Jacket Water Punps
21. Injector Cooling Punp
22, Standby Injector Cooling Punps
23. Fuel G| Boost Punps
24. Fuel G| Duplex Strainer
25. Fuel Gl Filter
26. Fuel G| Transfer Punps
27. Fuel G| Purifiers
28. Heavy Fuel O Pre-Heaters
29. Final Fuel Ol Heaters
30. Fire Punps
31. Bilge Punps
32. Shaft Bearing Lube G| Package
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34
35¢
36.
37.

TABLE 2 (Continued)

Stern Tube Lube O Package
Ships Service Diesel Generators
Distilling Plant & Punp

Distilling Plant Brine Overboard Punp

Local

Qperating Station

A AN -
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3.

6.
7.

10.
11.
12.
13.

. 4.

15.
16.
17.
18.
- 19.
20.
21.
22.
23.
2L,
25.

- 26.

TABLE NO. 3

LIGHT WEIGHT GAS TURBINE PROPULSION PLANT
& AUXILIARY MACHINERY LIST

DESCRI PTI ON

Mai n Engine FT9

Reduction Gear (Reversing)
Thrust Beari ng

Line Shaft Bearings

Propel l er (Fixed Pitch)
Ships Service Air Conpressor
Ship Service Air Receivers
Control Air Conpressor

Fuel G| Service Punp

Fuel G| Transfer Punp

Fuel Ol Filter

Fuel G1 puplex Strainer
Fuel Ol He at e r

Lube G| Service Punps

Lube O Purifier

Lube G| Cooler (M. Red. Cear)

Sl udge Punp

Lube Q| Duplex Strainer
S.W Cooling Punps

Fire Punps

Bi | ge Punps

Sewage Pl ant

Distilling Plant and Punp

Distilling Plant Brine Overboard Punp

Boi l er Feed Punp
Ship Service Diesel Gen.

QTY.
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APPENDIX D

ECONOMIC POWER PLANT TRADEOFFS



OPTI MUM GAS TURBI NE PONERED SHI P PROPULSI ON
& AUXI LI ARY POAER GENERATI ON

ABSTRACT

One possible nethod of inproving overall gas turbine plant

fuel consunption is to utilize-the main engines to drive the
ship service generators in part or totally.

This method has been investigated and shows pronise,
especially when the ship service generator drive is inferior
in performance to the main engines.

SUMVARY

The anal ytical results presented herein indicate the
bounds of perfornmance where driving the ship service generators
in part or totally by the nain engines can save up to 13%in .
fuel consunption if the SFC are tine same and up to 30% savi ngs
i f SFC for the ship service generator is 50% hi gher than the main.
engi nes. Loading of the main engines and thus Iﬂp[OVIn% thieir
SFC, plus taking advantage of the Tact that |arger engines have
better SFC s accounts for the inProved per f or mance. ever a
pl ant configurations to achieve these results are proposed.

ANALYSI S

~The nonenclature used in the analysis of the optinum
_participation of the main engines and ship service gas turbines
in driving the ship service generators is |isted below

Vg Total Fuel Load (LB)
Pp El ectrical Power ( HP)
Pp Propul si on Power (HP)
X . Fraction of Electrical Power Devel oped (-)

By Mai n Engi nes
At Time Period ( hr)
X Exponent
SFCg El ectrical Plant SFC (I b/ hp. hr)
SFCp Propul sion Plant SFC (I'b/ hp. hr)
k SFC Coefficient (1'b/ hp. hi
{ = 1,2,3,1 Period Identifiers
% Maxi num Super scri pt

Ay AY,Z Constants as Defined-
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el " Also define:
SFC = k SFC = k
" : = * X ¥ Pp -ae‘¢
(PE/BE) GfP/Pp)
/

Where for most gas turbines 7%= .15-,25 and kg and kp are
_ between .40 and .70 1b/hp.hr / L

The total fuel consumption for a ship at
n

. . | ,

W= Gt S (e v )+ 3 v SR (5
o # 7 - £ ' -

y At /2 4 (@z.—g/ﬁ-) VL’Z{A'Q' 3,/2,4(/%—,#3’@,;

£=/ Iy

Where ¥ is the fraction of the electrical power generated by
the main engines. :

l‘:l.h

(o}

The ratio of interest is YF to determine the payoff:

VFy=0
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As a 1limiting case, which in most cases is the most beneficizl,
take &= 1.0 in the numerator

Werer _ -'Z %/f’v‘/’)

P
Defining: ] & * !
! ‘/E A /2& - g. A'f’ hal 2; __Pé_. = ,Z /g
—= = e ot
2p 2 a7 Z

Yoo f% Y ,42""’2 )

T=1 Corresponds to the case where all of the electrical .
povwer comes from the main engines.

If 21, = is a constant for the wvarious tlme 'oerlods,

that is the ratlo of electrical to propulsion power is a
constant then:

WE et _ (1 + Z//—X l
) WF&"—‘-O_ (/ 7LAZ)
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Although this simplification may not be totally valid, electrical
bower requirements do tend to follow propulsion needs to scnme
degree. The more general equations can be used for specifi
evaluation of the concept, but this simple relation should orovide
valuable insight. .

A plot of this ratio is shown on Figure 1 for the following values
of the parameters ' ) .

Z- 0.20
2= 0110 . Where Z¥ = PE/p,
—_— A ;1.0, 1.25, 1.50 Where A

n ¥

"
g
ol

A table of values is also presented below: .

. é%%j&?l = Fuel Needed - Combined Source

Wry-0p Fuel Needed - Separate Source
¥B/xp = 1.0 ' 1.25 - 1.5
A 4 .

PE/pgt

.1 10.98 0.960 0.940
2 0.965 0.925 . 0.890
.3 0.950 0.895 0.850
' 0.935 0.870 0.815
5 0.920 10.850 0.790
.6 0.910 : 0.830 3 0.765
7 0.900 - 0.815 0.745
.8 - 0.890 0.800 '0.728
.9 0.880 0.785 - 0.711

1.0 0.870 0.774 0.695
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" As an example of the use of these curves or table
consider the case wnen the full power SFC for the SSG is
1.25 times the main engine value (KE = 0.50 1b/hp.hr and
Kp = 0.40 1lb/hp.hr) and electric power is 3000 hp and the
' propulsion power is 9000 hp then the fuel weight ratio is .
0.87 or a 13% saving by combining power sources. . \
' . i i
1" !

CONFIGURATIONS '

1

Figure 2 suggests some plant configurations to take
advantage of this fuel consumption advantage. The conventional
separate source configurations are (1) and (2). The comtined
source confizurations are (3) and (4). If it proves important ©o
have separate shore or emergency power, or some mix of
separate and combined power sources (5) and (6) are hybrid
configurations combining the capabilities of both approaczes.
Note in all of the combined source configurations (3) thru
(6) that separate clutches permit driving the generators with
the main engines without driving the propeller shaft. A veigh
and an airborne and structure borne noise reduction should =2ls0
be a result of combining the plants. Machinery arrangements shoul
be more straightforward as well. .

CONCLUSIONS

A preliminary eanalysis indicates that combining the power
sources for electrical and propulsion power aboard ship can
lead to a significant redwtion of plant fuel consumption.

It is recommended that further study of these or similar
concepts be carried out for specific appiications.
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A PROPULSION PLANT COMPARISON FOR 120,000 DVWT TANKER

|
‘ABSTRACT '

A preliminary study was conducted to assess the relative
merits of five propulsion plants for a 120,000 dwt tanker
requiring 25,000 HP to propel it at approximately 16K. The
five plants studied were medium speed diesel, steam turbine,
heavy duty gas turbine (mechanical drive and electric drive),
and aircraft derivative gas turbine. The heavy duty gas
turbine (mechanical drive) and the aircraft derivative gas
turbine utilizes a CRP propeller. The diesel uses a reversing
. engine for meneuvering. Preliminary economic analysis and
engine room layouts were principal parts of the study.

SUMMARY
e ———— -~

) The economic analysis compared effective annual operatin
costs for the five plants. Costs included investment capital
fuel, oil, crew, maintenance and repair and insurance cost.
The study showed that the medium speed diesel and aircreft z=
turbine are on a par with-each other costwise, with the stezn
and industrial gas turbine significantly more expensive to owmn
. and operate. The layouts show that there is sufficient spacs
for any of the five power plants within the desired hull. The
aircraft gas turbine is the most convenient to locate and tTh

. heavy duty gas turbine second. A noise isolating foundaticn
for the diesel engine was included in the design to reduce xrne
.shipboard vibration. It consists of a raft-type bedplate moumT
on standard Navy mounts. :

S
’

ANALYSTS R o ;

X
I d
ed

The following assumptions were made in the economic trade-

off analysis:

Dollars

1975 (1.08 Annual Escalation)
7,000 Hrs./Yr.
0.125

Operating time

Annual‘Cost Factor

(Annual Cost = 0.125 X First Cost)
HP = 25,000 HP
Fuel Cost - Diesel 0il = $11.00/BBL

Bunker C = $10.00/BBL

Lube 0il -. $2.50/Gallon
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ANALYSIS (Continued)

Crew Costs $100,000/Yr All crew sizes the
- same except steam - Add 5 men
for steam plant.

Fuel treatment considered for HD Gas Turbine

No auxiliary‘costs included (See Ref. 1 for Auxiliary
= Cost Study)

. -

RESULTS

The fuel consumption rates &re shovn in Table I. The
values are all based on the fuels noted. The aircraft gas
turbine performance is based on an uprated LM-2500%. Table
TT shows the resulting fuel ¢psts. Table ITI indicates tne
Jube o0il costs. Note the high dollar value of the diescl
lube o0il compared ~to the other powver plants. This is due
to the high consumption rate and much increased cost of lube
0il. Table IV gives an acquisition and instellation cost
breakdown for each of the five plants. Note that the principal
difference between the diesel and aircrait gas turtine is thre
cost of the CRP. A thrust reverser of a twin tudder type or

-some other similar approach to replace the CRP may bring these Tvo

systems into line. Table V shows the first cost of the Iuel
treatment plant and tabulates the annual operating cost o i
plant. Table VI summarizes the annual cost corparison. :ioTe that
the diesel and aircraft gas turbines are nearly equal wnile tTn
heavy duty engine and steam turbine are about 15% higher in ccst.

DESIGN LAYOUTS

Design layouts were prepared for three of the propulsicn
plants. They are shown in Figures i, -2, 3, and 4 120,000 ZWT-1,
120,000 DYT-2, 120,000 DWT-3, 120,000 DiIT-4. Note the larzs
amount of space available in the engine rooms, especially <zs
aircraft gas turbine plant. There is sufficlent space for sai

Qo

service generators and the other necessary auxiliaries.

The only medium speed diesel available in the U.S. marzet
wvas DeLaval Enterprise Model DMRV-2C-4. It was larger thzn zost
of the other 12,500 hp diesels. It is operating at the upzer
1imit of its growth capability. If the tanker is puilt wizznout
U.S. subsidy, other diesels could be considered.

Reference: 1) TN-8; D.A. Rains "Steam Generation System
Evaluation for a 120,000 -Ton Tanker"

*Currently under G.E. development.



POWER PLANT "PERFORMANCE
MAX. POWER SFC - LBS/HP-HR

MEDIUM SPEED DIESEL
STEAM TURBINE

HEAVY DUTY GAS TURBINE
(MECHANICAL DRIVE)

" HEAVY DUTY GAS TURBINE
(ELECTRIC DRIVE)

‘ATRCRAFT DERIVATIVE
GAS TURBINE

)

TABLE I -

DIESEL

. 366

-

436
436

« 380

BUNKER C

.480
453

453
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TABLE II

FUEL COSTS

BASED ON 7000 HRS/YR AT FULL POVER i
NOT INCLUDING PORT/DOCKSIDE PROPULSION

FUEL COST - DIESEL - $11/BBL’
BUNKER C - $10/BBL (WITHOUT FUEL TREATVENT)
~ 410.80/BBL (WITH FUEL TREATMENT)
SPECIFIC GRAVITY - 'DIESEL - 0.85
, . . BUNKER C - ©0.97
($ X 10-) C (8 X 107D)
. DIESEL FUEL BUNKER C
MEDIUM SPEED DIESEL . 2,370 , -
STEAM TURBINE . ' - 2,520
HEAVY DUTY GAS TURBINE " 2,820 2,260 gz;
(MECHANICAL DRIVE) o | 2,517
HEAVY DUTY GAS TURBINE 2,820 .. .. 2,260 &2)
.(ELECTRIC DRIVE) : : . . 2,517 (1)
AIRCRAFT DERIVATIVE ~ 2,460 o A
GAS TURBINE A ' : .

$13 WITH FUEL TREATMENT :
2) WITHOUT FUEL TREATMENT



DIESEL MEDIUM SPEED
STEAM TURBINE
HEAVY DUTY GAS TURBINE

AIRCRAFT DERIVATIVE
GAS TURBINE

"TABLE III
LUBE OIL COST

" $145 X 103 (CRANKCASE)

$2.90 X 1053 (TURBINES & GEARS)
$2.90 X 103 (TURBINES & GEARS)
$8.80 X 103 (TURBINES & GEARS)
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TABLE IV
DETATLED COST ESTIMATES FOR POWER PLANTS
(¢ X 1079) (8 x 10°3)  ($ X 1079) (6 X 1073) (X 1073)
MEDIUM SPEE: BEAVY DUTY . ORAVY DUTY  AIRCRAFT DERIVA
DiRSEL (REVERSING) . STEAM - GAS TURBINE GAS TURBINE GAS TURBIKE
. ~ (MECH. DRIVE) - (ELECT. DRIVE)
zoINe & DRIVE GEAR(T) . 2,800 1,500 3,800 - L, 650 2,810
BOILER - 4,000 .- - , - _
PROPELLER ‘ q00%¢ 100  i50% 100%* L50%
CONTROLS 292 350 150 450 - L50
KISC. (SHAFTING, 573 3 2,200 720 720 720
BTARINGS, AUX. ETC.) - - :
TOTAL 3,765 - 5,450 5,320, : 5,920 4,530
INSTALLATION, OVERHEAD | - , |
G&4a, FEE = 1.35 X (TOTAL) 5,090 . 7,000 7,180 - 7,990 5,980
*CRP PROPELLER | - "

_##FIXED PLTCH PROPELLER | - . . NO SPARES

(1) INCLUDES REDUCTION GEAR OR ELECTRIC MOTOR AS APPLICABLE
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TABLE V
FUEL TREATMENT COST
ASSUME BUNKER C - 70 PPM VANADIUM
o FIRST COST FUEL TREATMENT PLANT .  $500,000

INSTALLATION, OVERHEAD, FEE = FIRST COST X 1.35"

= $675,000 FIRST COST INSTALLED
ANNUAL OPERATIONAL COSTS (BASED ON 7000 HOURS OF OPERATION)

EQUIPMENT 84,375
DEMULSIFIER ' . 8,346’
MgO . ' , 10,412
DISTILLED Ho0. | 9,450
FUEL 'FOR POWER | 49,285
* (ELECTRICAL & MECHANICAL) , ,
GENERATOR (DIESEL)- 5,400 ($42,700 First Cost) '
MAINTENANCE ' ' 7,000
VOLUME FOR EQUIPMENT | 12,600 ($15/Ft3)
& FLUID _ !
186.838
$186,838/Year

233,000 Bi/7r~ = $-80/B1
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TABLE VI _ ..
SUMMARY COST ANALYSIS
(8 X 10-3) , :
.MED. SPD DIESEL STEAM . HEAVY DUTY’ ATRCRAFT - HEAVY DUTY GAS
. FIXED PITCH FIXED PITCH - GAS TURBINE DERIVATIVE  TURBINE DRIVE
IAST COST PROPELLER PRCPELLER CRP_PROPELLER  CRP PROPELLER FP PROPELLER
(1575) 5,090 7,000 7,180 5,380 7,990
IRST COST :
0.125 . 635 875 900 750 998
2eW (A OVER BASELINE) - 500 - - - _
JEL COST 2,370 2,570 | 2,820 2,460 2,820 Diesel
370 2 2 & 2,517 Bunker!
LINTENANCE & REPAIR COST 110 o A 101 126 101
JBE OIL COST 145 g % S A 9 - 3
TOTAL 3,260 3,992 3,824 3,345 3;922 Diesel

+"(1) With Fuel Treatment - o e o

Does Not include Cost
of Fuel Treatment Plant Installed Cost

~ $675,000

3,619 Bunker C
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STEAM GENLRATION SYSTEM EVALUATION
FOR A 120,000 TON TANKER

ABSTRACT

In Reference (1), =a comparison of three propulsion plants
was made for a 120,000 dwt tanker. The evaluation excluded
considcration of the auxiliary steam generatlon requirements.
‘This study extends the original study by investigating three
alternate generation systems; waste heat boiler on the main
enginc cxheust, a separate boiler, and, presuming a steanm
plant for a moment, increasing +he steam plant steam rate.

The study shows that a waste heat boiler on the aircraft
gas ‘turbine exhaust is the most economically attractive. A
diesel waste heat boiler has insufficient output +o match the
cargo heating needs of the shib. The higher fuel flow require-
ments for a separate fired boiler or an increased capacity
propulsion boiler mekes it unattractive. The results of this
study should be added to the annual operating costs presented
in Reference (1), Vhen +his is done, the aircraft geas turbine
has approximately a 7% enmual cost advantage over a medium
speed diesel. |

ANALYSTS

The steamirequirements for cargo heating were determined
based on the following assumptions: :

Cargo VWeight = 115,000 Tons
Tank Heating Time = L4 days
Tank Heating & T° Required = A40°

(Say from 70° to 110°F or
60° to 100°F)

Steam Pressure - 200 psig
Steam Saturation Temperature - 380°F

Reference: 1) Jeavons, B.T., Rains, D.A. & Cheyne, H.T. -
A Propulsion Plant Comparison for 120,GCO
gwt Tanker", TN-7 -20 tarch 1974
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AWALYSIS (Continued)

The steam reguirement 1S computed to be 67,000 1vhr

_A desipgn goal of 80,000 1b/hr vas selected to provide some

margin. 1T uneypecied heat 1losses develop the time reguired
+to heat the tanks mey have to be extended.

Four steam generation systems were exanmined.

A, Vaste Heat Boiler - Main Gas Turbine Tvhaust

Assumptions

. Gas Turbine Airflow = 150 1b/sec
Engine Exhaust Temperature = 1000°F
Boiler Exheaust Temperature = L50°F

(70° above steam saturation temperature)
Plant propulsion horsepover 24,000 P
Available steam flow rate from WHB
(Waste Heat Boiler) is

-

¢ - . .
v = (550‘)(.%?%(()’;50)(3600) - 80,000 1b/hr
_ (9 .

This is a fortuitous match of the needs to vhat is
available. If there is not sufficient steanm the cargo heating
time can be lengthened slightly.

The estimated WVHB installed cost is $500,000 (1975
Dollars). An expected pressure arop of 5 jnches through the
unit will increase the plant fuel consumption rate by 0.8
(pased on G.E. 112500 data). This SFC increase will increase
the annual fuel costs by

(.oos)(.42)(7000)(24,000)(.037) = $21,000/yr
(7000 Hrs/Year Operations)
(Fuel Cost = $11/obl for diesel oil or &0.037/1b)
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In summary, the annual costs are approximately

Equipment Cost (.15 X First Cost) = $75,000
uel Cost - $21,000
Maintenance & Repair Cost $10,000
$106,000/Yr
B.' Vaste Heat Boiler - Main Diesel Exhaoust -

Assumptions

Bé 1b/sec

Diesel Engine Airflow =

Twin Engines ' 12,500 hp/engine
Engine Exhaust Temperature . 41000°F

Turbo Charge Exhaust Temp. 820°F

Availabie AT® = 820° - 450° = 370°F

4 Resvlts
Availeble Steam Rate S
W = (370)(.28)(36)(2) (5600)
(900)
[

We = 26,000 1b/hr

This is about one third of the required steam rate,
so this approach was dropped in favor of the separate
fired boiler for the diesel engine propulsion plant.

£
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C. Separate Poiler

Assumptions

10 Trips/Yr :
_ Boiler Cperates 4 X 10 = 40 day/yr

" " Results

~ The annualized first cost-of the boiler is
0.15 X $5%0,000 X 1.40 = $110,000. The -escalation
cost of the boiler is $530,000. The 1.40 factor
covers installation, overhead and fee. The fuel
consumed during the 40 days/yr operation is

= 900 x 80,000 = 4200 1b/hr
. 17,000 S
Fuel Cost/¥r = 4200 X 4O X 24 X .037
= $150,000/yr

Thus the total annual costs are:;

First cost equivalent = $110,000
Maintenance & Repair . - 10,000
Fuel Cost 150,000

270,000/ Yr

D. Addition of Steam Capacity to Propulsion Boiler

The addition of capacity tc the ship's propulsion
boiler adds (for 50,000 1b/hr increase) $60,000 to
boiler. 7With installation and fee charges this becomes
approximately $13,000/Yr. The fuel cost incrcase ic the
same as case C, so the total cost picture is as follows:

Boiler First Cost - $13,000

Fuel Cost $150,000

Maintenance & Repair $5,000
Cost

$168,000
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A summary of the results is shown in Table I.
The totel plant operating costs from Reference (1) were
nodified by the addition of the steam gencration systen
costs. These all inclusive values are shovn in Table II.
This table shows that the equality between the medium
speed diesel and aircraft gas turbine is even closer than
in the original analysis.

CONCI USIONS

The economic evaluation shows that the waste heat boiler
addition to a gas turbine is the most attractive, costwise.
For the diesel plant a separate fired boiler is required.

For a steam plant, adding io the propulsion boiler is most
attractive, but less attractive than the waste heat boiler/gazs turbi:
because of the cost of the additional fuel consumption.

The medium speed diesel and aircraft gas turbine
continue to be on a par costwise after this study. The
separate boiler must be used with the heavy duty gas
turbine because of the regenerator so the economic
disadvantage of this power plant is increased.



TABLE II

1975 $ - PLANT SUMMARY COST ANALYSIS
($ x 1073)
ANNUAL COSTS
HEAVY DUTY AIRCRAFT GAS
MEDIUM SPEED DIESEL STEAM GAS TURBINE TURBINE

PLANT ‘ , ,
COST WITHOUT STEAM $3,260 - $3,992 $3,824 $3,345
GENERATION (REF 1) .
ADDITIONAL COST DUE 270 168 270 106
TO STEAM GENERATION :

TOTAL $3,530 $4,160 $4,094 83,451



TABLE I
ECONOMIC EVALUATION OF STEAM GENERATION SYSTEMS

CONFIGURATION ANNUAL OPERATING COST
VASTE HEAT BOILER - GAS TURBINE PLANT $106,000 \
WASTE HEAT BOILER - DIESEL PLANT S INSUFFICIENT CAPACITY
ADDITIONAL BOILER — DIESEL PLANT o 33270,0(.)0 J
INCREASED BOTLER - STEAM PLANT . $168,000

v

J
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APPENDIX E

LIST OF DRAWINGS AND SPECIFICATIONS



PROPULSI ONS PLANT STANDARDS STUDY

LI ST OF SPECI FI CATIONS: MAIN & AUXI LI ARY MACH NERY

STEAM TURBI NES HP & LP
MAIN REDUCTI ON GEAR
MAI N CONDENSER
1ST STAGE FEED HEATER . GLAND EXHAUST CONDENSER & DRAI N COOLER
3RD & 4TH STAGE FEED HEATER
ATMOSPHER C DRAI N & | NSPECTI ON TANK & PUMP
GLAND LEAK- OFF EXHAUSTER
VAl N CONDENSATE PUVP
VACUUM PUNP NMAIN CONDENSER

. VACUUM TANK & PUNP
MAN CRC . PUWP

1 AUX. CIRGC. PUWP.

13 S .W SERVICE PUWP

14, PROPULSI ON

15. MAIN THRUST BEARI NG

16. LINE SHAFT BEARI NGS

17. STERN TUBE & BEARING, SEALS
18. PROPELLER

19. MAIN BOILER

20. AR HEATER

21. FORCED DRAFT FANS

22" MAIN FEED PUMPS

93 PORT FEED PUNP

24, BOILER M XI NG TANK & PUMP
25, FEED ANALYZER

26. CONDENSATE COVMPOUND M XI NG TANK&PUNP
27" PRI MARY & SECONDARY SAMPLE WATER COOLER
28, FEED TESTING SET

20 LUBE O L SERVICE PUWP

30, EMERGENCY LUBE O L PUWP

31, MAIN LUBE O L COOLER

32, L. O FILTER (DUPLEX)

33 L. 0. PRIMNG PUNP

35 L.O PUR FIER

L. O HEATER

36. STERN TUBE LUBE O L PACKAGE
37 MAIN LUBE O L COALESCER

38 FUEL O L TRANSFER PUMPS

39, FUEL O L HEATER

40, FUEL O'L DUPLEX STRAI NER
4. FUEL O L SERVICE PUMP

42 MAIN SW TCHBOARD

43. ENG NE ROOM CONSOLE

44. PUNP CONTROLLERS.

=
O



LI ST OF DI AGRANS :

Ro®PNoOUTRw -

[EEEN EEN TNy N

MAI N STEAM

AUXI LI ARY STEAM

BA LER FEED

CONDENSATE

FUEL O L SERVICE

LUBE O L SERVICE

MAIN AND AUXILIARY S. W C RCULATI NG

s .W. SERVI CE

STERN TUBE LUBE O L SYSTEM

BLEED & EXHAUST STEAM

MAI'N AND AUXI LI ARY TURBI NE GLAND SEAL AND LEAKOFF
TURBI NE DRAIN SYSTEM

STEAM , FRESH WATER, CONTAM NATED DRAINS
CONDENSATE DRAIN SYSTEM

PROPULSI ON Pl ANT CONTROL DI AGRAM

BO LER PLANT CONTROL DI AGRAM

LI ST OF DETAIL DRAW NGS

MACHI NERY  ARRANGENEMT

MAI N STEAM

AUXI LT ARY STEAM

FUEL O L SERVI CE

LUBE O L SERVI CE

MAIN AND AUXILIARY S .W. SERVICE

S.W SERVI CE SYSTEM

BO LER FEED SYSTEM -

CONDENSATE SYSTEM

B0 LER COMPOORD | NJECTI ON

MAI N SHAFTI NG ARRANGEMENT AND DETAILS
CONDENSATE DRAI N SYSTEM

BLEED AND EXHAUST STEAM

GLAND SEAL AND LEAK- OFF

STEAM DRAIN SYSTEM

BO LER BLOW SYSTEM

LP & HP TURBINE & REDUCTI ON GEAR BOLTS & CHOCKS

PROPULSI ON PLANT CONTROL SYSTEM
BO LER CONTROL SYSTEM

. INSTRUMENTATION CABLE

. CONTRCL CABLE
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APPENDI X F

COMMENTS FROM SUPPLI ERS



MAIL N PROPULSI ON STANDARDI ZATI ON SURVEY
RESPONSE FROM VENDORS

SEVERAL VENDORS WERE CONTACTED IN AN ATTEMPT TO GATHER

THEIR OPINIONS ON THE FOLLOW NG QUESTI ONS:

1. Need for upgrade of present purchasing methods.

2. Desirability of standardized procurement specifications.

3. Value of devel opnent of conplete sets of detail interface
plans for each conponent. hese plans to be pre-prepared
prior to the concept or reward of a contract.

4. Value of devel opnent of equipnent with identical interface
of the various conpetitors.



STEAM TURBI NE
DeLaval . Trenton, .New Jersey., . M. Don-. Carpenter

1. Some inprovement could be made from the present mnethod.

2. Wuld be in favor or standards providing they were so
witten to permt the use of their present design.

3. Developnent of a pre-package of plans could be done.
They would only consider this if the entire industr
weni this way. = There would be sone cost involved ffat
woul d have to be borne by soneone el se.

4. Conplete interface isn't practical. They,feel that they
have an advantage due to their heavier weight of castings.
This gives thema snoother running turbine.

CGeneral Electric, West Lynn, Mass., M. G A Cincotta
1. Nocommrent.

2. Ceneral specs would be satisfactory. ver, .the esent
. Mar Ad Spegg need updating. They SHoul B reV|emedey the

various Mg. to assure conpliance with their standards.

3. Pre-prepared detail plans not feasible. G E uses a conpon
system and. can achieve a variation of conditions by Swtch
parts. This alters the application draw ngs. they feel th

they woul d have to be involved and no tine savings is
anti ci pat ed.

4. Could not consider interface. \Wuld mean redesign of the
equi pment .
Westinghouse, California, M. Fred Hassett

1.  Sone inprovenent needed.

2. In favor of standard specs to force all vendors to bid on
like equipnent. Feels that it would be good for all

3. Pre-plans woul d be very expensive but could be done. Felt
that some funding would be required.

4. This phase would be quite difficult. Could be considered

i f all vendors would be willing to nodify to suit others.
Extremely expensive.



DI ESEL DRI VE

Pielstick, New Oleans, M. Larry Lynch

1.
2.

No comment.

Coul d be done but mouLd rather have spgcs witten grpund
specific equipment. elt that standard specs wouldn™t properly
describe the equi pnent.

Could be done. In fact he felt that they had done this with
catalog data. | explained that we were discussing an approved
ackage ready for rel ease. He still felt that it was possible
But t%at there woul d be some exceptions that woul d take

negoti ati ons.

Felt that it would be inpossible for conpetitors and they
would only consider it if others nodified their equipnent to
sult Pielstick. standards.

PUMPS

Wort hi ngton Punps, New Jersey, M. Ken Hll

There is some need for upgrading.

Not entirely opposed but velt that the present MarAd Specs
needed upgrading. He pointed out that rmany materials had been
repl aced %y bet?er ones. He also felt that it would be necessary
to consider all vendors substitutions to permt conpetitive

bidding. Also stated that the Specs must be kept current with
times.

BA LERS

Conbustion Engi neering, Wndsor, Conn., M. Steven Sabo

1.
2.

No comment .

Feel s that the specs woul d have to be s eneral that al nost
anyt hing coul d bg bui | t. Vbqu %e unfé?#]to vendors. Al so

woul d have to be upgraded to be a satisfactory final spec.

Feel s that the”owners would object unless MarAd woul d be
willing to set an edict forcing Owmers to accept standards.
He felt that general sizes would be O K but final details
woul d differ in final devel opment.

Coul d not see how this would be possible. Mentioned the
possibility of favoritism



GAS TURBI NE
CGeneral Electric Co. , M. Dan Vano

1. Feels that present nethod of approach is satisfactory.

2.  Ceneral specs would be OK but details would still have to
be devel oped.

3. These people depend on conbinations to neet design conditions.

They feel that 1t would be necessary for themto be in the
final selection of equipnment. Should the builder proceed with
the design inmediately the engineers would object to changes

as the final selection is nmade.

4. Felt that this is inpossible.
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