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FOREUORD

!3KQ!E2” The purposeof this standardis to set forthdesignmethodsfor
shipboardcomponentsor systemsas designatedin the title..
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1. GENERALAND SCOPE

1.1 General. The proceduresestablishedby MIL-STD-2189are appli-
cable. This sectionand the basicstandardare to be consideredas an
integralsingledocument.

1.2 Scope. This standardcontainsthe requirementsfor determiningthe
minimumnecessaryfuel tankagefor conventionallypoweredsteam,diesel,or
gas turbineshipsor craftof the U.S. Navy.

2. REFERENCEDDOCUMENTS

Not applicable.

3. DEFINITIONS

3.1 Endurance. Enduranceis the theoreticaldistancewhicha ship can
travelutilizingall of its burnablefuel (excludingcargo),at a specified
speed,underambientair and seawaterconditions,in deep water,at full load
displacement.

3.2 Designendurancepower. Designendurancepoweris the shaft
horsepowerat the specifiedendurancespeed,as indicatedby the latest
availablespeed-powercurveapplicableto the shipor craft. This curvemay
be eitherone preparedin the earlydesignstagesand basedon predicted
performanceof the ship or craft,or one basedon actualself-propelledmodel
basintestresults. It normallyincludesa correlationallowance(ACf) of
0.0005,whichrepresentsthe equivalentof freshlyappliedvinylpainton
surfaceships. Whilethe 0.0005value is a reasonableapproximationfor the
majorityof endurancecalculations,this factoris not a constant,applicable
to all designs. Wherea differentcorrelationallowanceis used,a correction
is appliedto allowfor the differentroughness. An acceptedmethodfor
determiningthis correctionis shownon figure1.

3.3 Averageendurancepower. Averageendurancepoweris the design
endurancepowerincreasedby 10 percent. This increaseis an allowancefor
adversesea conditionsand averagebottomfoulingover a 2-yearperiod.

3.4 Average2&hour electricload. Average24-hourelectricload is the
averageanticipatedelectricload,withoutgrowth,over a 24-hourperiod,with
the shipor craftoperatingat the specifiedendurancespeedunderambientair
and seawaterconditions.

3.5 Calculatedall-purposefuel rate. Calculatedall-purposefuel rate
is the specificfuel rate in poundsper shafthorsepower-hourbasedon the
totalfuelconsumptionfor propulsionmchinery, ship servicegenerators,and
otherservices,with the shipor craftoperatingat the specifiedendurance
speedunderambientair and seawaterconditions.PRAIRIEMASKERsystemsare
consideredin operation50 percentof the timefor shipsso fitted_.For steam
plantsthe calculatedall-purposefuel rate is the figureresultingfrom the
heat balancecalculations.For a dieselor gas turbinepropelledshipor

1
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necessaryto calculatethe consumptionof each serviceseparately
the calculatedall-purposefuel rate.

3.6 Ambientconditions.Ambient.conditionsfor use in determiningthe
calculatedall-pur,posefuel rate are 100-degreeFahrenheit(° F)temperature
and 40-percentrelativehumidityof air to the fuel-consumingservices.

,3.7 Specifiedfuel rate. Specifiedfuel rate is the calculatedall-
purposefuel rate increasedby a correctionfactorto allowa tolerancefor
measurementinaccuracy(torsionmeterand shaftmodulus)duringship
acceptancetrials,and for minormachinerydesignchangesmade duringthe
constructionperiod. This factor,used as.amultiplier,is 1.04if the
averageendurancepoweris one-thtrdor lessof the ratedfull powerof the
propulsionplant,1.03if betweenone-thirdand two-thirds,and 1.02if
betweentwo-thirdsand fullpower.

3.8 Averageendurancefuel rate. Averageendurancefuel rate is the
specifiedfuel rate increasedby ~rcent. This is an additionalincreaseto
allowfor plantdeteriorationovera 2-yearperiod.

3.9 Endurancefuel (burnabl~. Endurancefuel (burnable)is the,actual
‘fuel,in (long)tons,requiredto meet the specifiedendurance.

3.1O Tailpipeallowance. Tailpipeallowanceis a factorappliedas a
divisorta the endurancefuel (bu:rnable)to allowfor the unavailablefuel
remainingin the tanksbut below the tailpipes. If the majorityof tanksare
broadand shallow,the factoris 0.95;if narrowand deep, it is 0.98.

3.11‘Endurancefuel load. Endurancefuel load is the fuel load in tons
obtainedby dividingthe endurancefuel (burnable)by the tailpipeallowance.
It is the full loadof ship~sfuel for whichtankagewill be providedto meet
the ship’s endurancerequirement.It does not includethe additional5 per-
cent in equivalenttank volumewhichis providedto allowfor expansionof
fuel. For a compensatedfuel system,see 4.2.

4. GENERALREQUIREMENTS

4.1 ,Procedure.Aftercalculationof ‘theaverageendurancefuel rate,
retirementsshallbe determinedby the followingformulas:f’ue

(a) Endurancefuel (burnable),tons .

‘EnduranceX averaReendurancepowerX averageendurancefuel rate
EndurancespeedX 2240

(b) Endurancefuel load,tons=

Endurancefuel (’burnable
Tailpipeallowance

A samplecalculationis shownon figure2.

‘2
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4.2 Compensatedfuel system expansionallowance. In calculating
endurancefuel loadfor a ship fittedwith a compensatedfuelsystem,an
allowanceof less than5 percentmay be provided‘toallowfor expansion
of f%el;however,thisallowanceshallbe determinedon a casebasis.

5. DETAILEDREQUIREMENTS

Not applicable.

6. NOTES

6.I Intendeduse. This standardis intendedto establishthe endurance
requirementsfor Navalshipsor craft.

6.2 Subjectterm (keyword) listinR.

Dieselpowered
Energyconsumption
Gas turbine
Steampowered

3
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Samplecalculation:Td find,the added’effectivehorsepower(EHP)
requiredfor a guided’”missilec,ruiser(CC)at 30 knotswhen increasing
ACffrom 0.0006to 0.0008.

The wettedsurfaceof the C(2is 32,000squarefeet. From the
curveAEHP = 236 at ,30knots.

Then,addedEHP
(at 30’knots) = (236)X w x :::;;~s!

.

= (236)X (2) X (3.2)

= 1510horsepower,answer.

Caution: Note that this curvegivesthe additionalEHP required.
To obtainthe requiredadditionalSHP, the resultmust be dividedby
propulsioncoefficientat speedin question.

Symbolsused above:

ACf = Correlationallowance,treatedas an increasein
the coefficientof frictionaldrag.

ARf = Increasedfrictionaldrag,pounds2

P’ Densityof seawater,poun -second per foot4
‘3(= 1.9905slugsper foot at 59° F).

s= Wettedsurfacearea of ship,squarefeet
v= Speedof ship,feetper second.

,,.

m

FIGURE1. Calculationto correctfor changesin wettedsurfaceroughness.
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Steam Diesel or gas turbine

(1) Endurance required, nautical miles 3,000 1,200
(2) Endurance speed, knots 15 6
(3) Full load displacement, tons 3,000 400
(4) Rated full pouar, S&P 50,000 700
(5) Oaslgn endurance pouer at

(2) and (3), SHP 3,000 150
(6) Average endurance power,

SW: (5) )C1.10 3,000X 1.10=3,300 150X 1.10= 165
(7) Ratio, average endurance power

to rated full pouer:
(6)/(4) 0.066 0.24

(8) Average endurance,
brake horsepower (&lP):
(6)/transmission efficiency —. 165/0.95 = 174

(9) Average 24-hour electric
load, kilouatts (kW) 5m 30

( 10) CaIculatad propulsion fuel
rate at (8), lb/(8HP-hr) —- 0.479

(11) Calculated propulsion fuel
consumption, pounds/hour:

(10) X (8) —- 0.479X 174 = 83.3
(12) Calculated ship service generator fuel

rate at (9), lb/(kW-hr) —- 0.690
(13) Calculated ship service generator fuel

consumption, pounds/hour:
(12) x (9) .— 0.690X 30=20.7

(14) Calculated fuel consumption
for other services, pounds/hour --- 15.0 (heating)

(15) Total calculated all-purpose fuel
consumption, pounds/hour: (11) +
(13) + (14) —

(16)
83.3+20.7+15.0 = 119.C

Calculated all-purpose fuel rate.
lb/(SHP-hr): (15)/(6) or
heat balance 1.00 119.0/165 = 0.721

(17) Fuel ratecorrectionfactor based
on (7). 1.04 1.04

(18) Specified fuel rate, lb/(SHP-hr):
(16) X (17) 1.00X 1.04= 1.04 0.721 X 1.04 = 0.750

(19) Average endurance fuel rate,
lb/(SHP-hr): (18) X 1.05

1.04X 1.05= 1.09 0.750X 1:05 =0.788

FIGURE2. Samplesurfaceship endurancecalculation.

5
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Steam ‘Diesel or gastucbine,,,.

(’20) Endurance Wail (’burnable’).,, 50M,:

{!’) X ,{6)” X [1,9)/[(2) X224QI ;3,,000X 3,300 x 1.09= ~21 l;20cx .I”65X’O.788 = ~1 ~
:15 x’.224O 6 X 2240 ●

C2t)‘Tai!,pl,peallowance‘~ector ,,. 0:98
(22) En,durancefuel load, tons:

“o *95

;(2Q)L4’21) “321/0;98= 328 11..610;’95 = 1202

%Meren,ces for souccedat@;

Design enduraoce,power
Trv3nsm”iss’ion.#L~ iclency
Calculated propulsion “fuei rate
Calculated ship service Qenwoto-1 rate

‘Calculated fuel consumption for PRAIRIE MASKER
‘Calc,ulated fuel consumption ford ther services
Heat balance
%il load displacement

FIGU,RE,2,Sample surfaceship endurancecal-culaEion.-,Continued

:6
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