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MILITARY SPSCZFICAT1~

CONDSNSER5 , STl?k21,MVU SSIP~lfn

‘fhiaspecificatio.,is approved for use by the Uaval Ship Symteum Cotmaiidarid-ii“ii.il- ““ .. .. .

able for usa by all Dep.acuoenta and Agencies of the Department of Sefertse.

1. SCOPS

1.1 ~. lmic specification covers steam condensers fir Sa.al ShiPboard .SPPliC.5ti0.S.

1.2 Classification. Condensers shall be of the following types and classes as speci-
fied (c.ee 6.1.11

+ 1 - For main propulsion t.rbi”es or engines.
Type 11 - Por turbines of steam turbo-generator sets.
+ 1X1 - For auxiliary steam turbines or steam reciprocating ●ngines.
sype N - For condensing gland leak-off or vent steam, including team from ship’s

heating drain system vent.: also for service am cmbin.d air ejector
mffar a.ndanser and gland leak-off condenser for a mubmarine application.

Clams A - (Submarine application) - See table 1.
Class B - (Suiface ship application) - See table 11.

2. A9PLICASLE c0ctr6sNTs

2.1 The follwiw docments of the issue in ef feet on date of invitatiO. ,fOr bid. Or
requemt for proposal, form a part of tbe Specification to the extent specified herein.

SPECIFICATIONS

FEDERAL
M-c-465 - Copper-Aluminum A11OYS (Aluminum Sr.nz= ) (Copper Al10Y Nwr.bera

606, 614, 630, and 662) . sod, Flat Products with Finished Ed9es
(Flat Wire, Strip, and Sari , Shapes and F0r9in9S.

QQ-N-2S1 - Nickel-Copper-Alloy Sar, Plate, Snd, sheet, Strip. wire, Forgings,
and structural and Special Shaped S=ct L.ns.

QQ-N-286 - Nickel-Cc.pper-AIUmimIi Alloy, wrought.
IT-P-28 - P.ai”t,Aluminum, Seat Sesisting 11200.F) .
3T-P-645 - Primr, Paint, zinc-chromate, Alkyd Type.
PPP-s-636 - Boxes, Shipping, Fiberboard.
PPP-B-1055 - Sarrier !!aterial, Waterproofed, P1exible.
PPP-S-40 - Packaging and Packing of Hand Tools.

fflLITARY
MIL-c-104 - Crater, woe: Lumber and Plywod Sheathed. Nailed and ~lted.
?IIL-P-116 - PreaervatiOn, 16ethodmof.
MIL-B-121 - sarrier naterial, Greaseproc.fed. w~terpr=fed, Flexible.
NIL-s-131 - Barrier Material, Hater vc.wrPr_f, F1=xible. Heat s=alable.
MIL-R-196 - Repair Parts for Internal Combusion Enq’i”es, Packaging of.
M12,-s-057 - Bolts, Nuts, a“d Studs.
MIL-S-901 - Shock Teat. , H.1. (nigh-Impact); Shipboard MachinerY. Eq.iP-nt

and Syntems, Requireu=”ts for.
f6xL--s-i222- Studs, “Continuous Thread 100lt-Studsl : Nuts’~Pie.i.p ‘iiexa90n:“

and Steel Ears Round, High Temperature Service.
MIL-P-2063 - Packiwl, Preformed, Condenser-Tube (Symbol 1435).
f21L-G-5514 - G1.md Design: Packings, Hydraulic, General Req”ireurmts for.
HIL-B-13239 - Barrier Material , Waterproofed, Flexible, All Temperatures.
nlL-T-15005 - Tubes, 70-30 and 90-1o Copper Nickel A11oY. Condenser a.d

meet Exchawer.
MIL-P-15024 - Platen, Tags, and Band. for Identification of Equipment.
f41L-P-15024/5 - Plates, Identificaticm.
lsIL-P-15i37 - Provisioning Technical Dc.cummtation for Repair Partn for

Electrical and Mechanical S9uiP.=e.t (Naval shiPbOard USRI .
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MILITASY [Cent‘d]
MI L-c-: ~726 - copper -!~ickelA1loY, Rod, Flat Products lrlat wirer strip.

sheet, Bar and Plate1 and Forgings.
P1uqs. Plastic (lleat-Exchanqer-T.be)MIL-P-15742 -

!61L-E-15E09 -
MIL-c-16173 -

HIL-’c-1642O -
f61L-1-17244 -

i!lL-A-i7472 -
MIL-1-lB997/l

MIL-A-19521 -

H2L-T-19646 -
... .. NIL-2-20037 -

Exp&der, Tube, ,Ccmdcmcr aid Heat Exchangers.
corrosion Pr.eve”tivecompound, Solvmt Cutback, Cold
Application.
Tuhc , 70-30 and 90-10 Copper-Nickel A11oY, Seamless and Welded,
Indicators, Temperature, Direct-Reading, Bimetallic, [3 and
5 Inch Dial) .

Asbestos sheet, Compressed IGaskct 14at.rial ).
- I“dicat.ars,Pressure, Circular Dial (3-1/2, 4-1/2 and 0-1/2

Inch Dial Sizes) .
Anodes, Corrosicm Preventive, Zinc, a“d Plugs, Zinc Anode Re-
taining: Design of and Installation in Shipboard Condensers
and Heat Exchanm,rs..–– —.

Thermon!-sters,Remote Reading, Self-Indicating Dial, Gas Actuated.
Indicators. Siuht. Liauid tivel. Direct Readina. Reflex-Tubular.. . .. .. . .. ,
Gage Glass. - “

.

HIL-C-20159 - Copper-llickcl Alloy (70-30 and 90-101 : ,Castinqs.
HIL-F-21467 - Fittings, Flareless, Fluid Connection (Shipboard use] .
uIL-E-21562 - Electrodes and Rods - Welding, Bare, Nickel Alloy.
H1L-G-2161O - Gaskets, llefltExchanger, various Cros8 Section Rings, Synthetic

Rubber.
t41L-E-22200/3 - Eiectrodea, Welding, Covered: Nickel Base Alloy; and cobalt

Base A11OY.
HIL-E-22200/4 - Eiactrodea, welding, covered, copper-Nickel Alloy.
NIL-S-22473 - sealing Locking, and Retaining compounds, Single-ccunpone”t.
HIL-S-21194 - Steel Forgings, Carbon and - Alloy.
MIL-s-24111 - Staai Platen, Carbon lssnganese - Neat Treated by Normalizing

or Quenching and Tempering.
MIL-14-24270 - Wells for Tempare.tura Indicators and Thermal Element..
151L-W-24270/l - well; 2ns.rtion Length - 4 Inches, sore - 3/0 Inch, Connec-

tion-socket Weld .or Sockat Brnxed, 3/4 Inch lPS.
MIL-N-25027 - Nut. self-lacking, 2SO*r. , 4S0.-F., and 800-?. , 125 KS1 ~,

60 KS1 rfu, and 30 RS1 F2U.

STANDARDS

MILITARY
f41L-STD-22 - Wsldmd Joint Desi9n.
IsIL-STD-129 - Marking fox Shipment ●nd storage..
IsIL-STD-167 - Mechanical vibrations of Shipboard Equipment.
f21L-STD-271 - Nondestructive Testing Requirements for !letals.
MXL-STD-27S - Fabrication Weidirq and Znspectionz and Casting Inspection and

Repair for 16mhi”ery, Plpinq and Pressure Vesmela in Ships of
5A= united States Navy.

MIL-STD-418 - schedule of Piping, valves. Fitting., and &scci.ted Piping
Component* for %daaarine Service.

MIL-STD-777 - Schodde of Piping, Valves, Fittings and Anscciated Piping
Canponanta for Surf.=e Ships.

161L-STD-1399, E.mctio” 3D1 - Interface standard for Shiptiard Symta!rm,Ship
!sotion●nd Attitude..

!4s16142 - soss, Gamket Seal Straight Thread Tuh rlttihq, Standard Dimensions

‘ti17n28 - lifl ‘Seif-2.cck Ing, Iiexagon, R09Ular-He19ht, (Nonmetallic insert)
2SO”F. , Nickel-copper Alloy.

----- . .-,. 46s18116.- Bolt, 2dt-Stud, Stud, Stud-SD1t; 141ckel-COpp.ar-AluminwtrA13ny.:z.-
Spcial Requirermnts.

DsA141NGS

14XLITARY
u-214 - tit Connections for Attaching Piping.
010-1385050 - Pipinq, Gaqe, For Ali Servica.
810-1305917 - Temperature Indicator and Thermowell Selection.
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PNSLICATIONS

MILITARY
tSAVALSHIP sYSTEM CUSCX.AND

.9DB-63 - Str.ct2ral Design Sasis.
NAVSHIPS 250-423-30 - Shock Design of Shipboard Equipmsnt Dynamic

knalynis Neth.ad.
NAVSHIPS 0900-001-7000 - Fabrication and Z“spectio” of Sre,zed Piping

Sy.tans.,

DESIGN LlkTASHEETS
DDS4601-1 - Steam Condensers.

.. .. . .

NAVAL SESSAKH LANDNA?URY (NM,]
Report 1396 - Interim Design Values for Shock Oeaign of Shipboard Eq.ip!mmt.

(Copies of specifications, standards, drawings and publications required by supplier.
in ammeetion with specific procur.~”t functions should be .abtai”ed from the procuring
activity or as directed by the Contracting officer except that msig” Data Sheet 4601-1
should be obtained from the Cog”izemt Defense contract Administration service [DCAS) or
Supervisor of Shipbuilding and the NNL Report 1396 should be obtained from Commander, Naval
Ship Engineering Center, SEC 6105, Center Building, Prince George 0s Center, Nyattsville,
MD 10782.)

the e;;~n;~i=” L!”lensOthemise indicated, the issue i“ effect on date of
The following documents form a part of this specification to

imitation for bids or request.for proposal nhall apply.

AMERICAN 8CCIETY FOR TESTING AND M6TERIALS {ASTM)
A53 - Welded and Seamleas Steel Pipe.
A1OS - Forged or Soiled Steel Pipe Plcmqes , Forged Fittinq8 , and Valves and

Parts for Hiqh-Temper.ature Service.
A106 - seamless Carbon Steel .Pipe for High-Temperature Service.
A131 - Structural Steel for Ships.
A193 - Alloy-steel and Stainless Steel Solting Materials for High-Temperature

Service.
A194 - Carbon a“d Alloy-steel Nutn for b] ta for High-Prnas”re and High-

Temp.rature Service.
A203 - Nickel Alloy Steel Plates for Pressure Vessels.
A249 - welded Austenitic Steel Soiler, Superheater, Neat Exchanger, and

Condenser Tubes.
A350 - Forged or Rolled Carbon and Alloy Steel Flanges, Forged Fittings.

and valve. and Parta for Low-Temperature Servica.
A500 - Quenched and Twnpered vacuum Treated Carbon and Alloy-Steel Forgings

for Premsure Vessels.
A5L6 - Carbon Steel Platcl for Frems. Ie Ves.el. for Moderate and Lower Tem-

perature Service.
A537 - Manganese-Silicon St=el Plate.
A588 - Nigh-strength Low-A11oY Structural Steel with 50.000 PS1 Minimum Yield

P.ai”tto 4 Inches Thick.
898 - Copper-Silicon Alloy Sod, &r, and Shape9.
B1ll - copper and Copper-Alloy Ne.smleasCondenser Tubei ●nd Ferrule StOck.
S119 - Ph.aaphor8ronze Rod, Snr, and Shapes.
B14 1 - Tin Sronze and Leaded Tin Sronze Sand Castin9.
s164 - dickel-COppOr Alloy SC-J and Sar.
B171 - Copper A11oY Condenser Tub. Piatem.

(Application for copie. should be addressed to the A.Wrlcan society for TeaLinq and
SsOterials, 1916 ,Sace Street. Philadelphia, Pa. 1910.S.1....,. . . . .. .

MERICAS SOC1f..Y OF MECNSSICAL NC INLXRS (A6J4LI
soiiar ●nd Presmure vessel Code

section 111 - 11.1*. for Cotmtructlon of Nucl.ar Pwcr Piant c~n.nu.
section VII 1 - Division Prc*murc V*sselm .

(Amllc.tion for copi.. 8ho.ld be ●ddreswcd to the American society of fi~;cal
Enqin.erm. Unit.d EncflneerinqC.nt. r. 345 E.st tlth Street. 11.uYork. N.Y.

1
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kffERICAN ANTI C’NAL STANmRtIS 1N5TITUTE, INC. mNsl)
B1.12 - ?lass 5 Interference-Fit Thread.

(Application for COpien should be addrensed to the tirican National Standards 1m3ti-
tute, Inc. , 1430 Broadway, N.w York, N.Y. Ioole.)

NATIONAL dUSEAU OF STANDARDS
Handbook H28 - Screw Thread Standards for Federal Services.

(Application for copies should be addres;;~oo) the Superintendent of Dmcwnents,
Government Printi”q Office. Washi”ton, D.C.

OAK RIXE NATIONAL LAW2WTORY
“CERL-11 - A Computer Program for Amlyzing Hemisphere-Nozzle shell, of Revo-

lution with Axisym.metric and Unsyumetric Loadings” by S.E. HoOre
and F.J. Witt.

.... ...- . . . . . ... ..... . .. .. . . .

(Application for copies aho.ld be addressed to u.S. Department of Conmierce, Technical
Information Service, 5825 Port Royal Rd. , Springfield, Virginia 22151.)

FSANKLIN INSTITUTE RSSEARCH LASOSATQRY
Technical Report F-c2438-4 - Lh2velopuentof an 1“tegrat,9dcomputer Pr.agre.Iu

for stress Am3ysi8 of Axisyutw+tric Lbauble
Tubesheet Heat Exchii”gers Subjected to Axi -
Synmk?tric.arNo”-symmetric Thermal and ffecha”-
ical Loadinqs. (Defense Documentation center
Nr. AD090717L. )

SOUTHWEST RESEASCH INSTITUTE
Final Report - SWRI Project No. 03-3276 - Experimental Stress Analysis .ai

Heat Exchanger Heads (C@fer.se
Documentation Center Nr. AD9145E1L) .

[Application for copies should .be addressed. to De?fenne DOcume”t.ation ce.ter, cameron
station’,Alexcmdria, Vir~inia 22314. ) -

LC41FUAJ4CLASSIFICATION COfS.IITTEE
Uniform Freight classification Ru@s. ●

{Application for Cupies should be addressed to the Uniform Classification committee,
Rwm 1106, 222 South Riverside Plaza, Chicago, lllimis 60606. )

b
(Technical society and technical association specification and stamfards are generally

available for references from libraries. They are aleo distributed aummg technical groups
ana “sing Federal agencies. )

3. SSQUIRSMENTS

3.1 Material . Haterials ohown i“ tables 1 aml 11 shall be used in construction of
the condemers as specified for the i“divid.al class. Other materials shall be .8 apecifiod
i,e.einafter.

1.2 Ge,mrai desi~.

3.2.1 s~. attitude. Unless otherwise speci Ciecl (s.. 6.1.1), co.demera shall operate
satisfactorily W&r the ohip moticm M“ditiom give” i“ secticm 301 of f41L-sTD-1399. 1.
.mklitio.; Submarine..cmdemers nhalk be capable of.operation; Without..flooding tha.turbine...-: .:-----...:
exhausts or air ejector euccion, at trim angles w to p]”. or min”~ 45 degrees for nhort
perioclsof tiue (less than 5 minute. sl.

3.2.2 T&e.aded ~arts . Threaded P.+rLa shall conform to t!andbooklf28. Design shall be
such that standa=ren=es can bc used throughou. Tapered pipe threads shall not be wed
except for pumpinq grwve rnnmec Li.a.s. U“lcss othewi. e ~peeified herein form of bolt, ,
mts and studs shall eunform to !flL-D-857. A cla.s $ i“terfermcc fit cu”forminq to ANS1
sl.12 may be substituted for asaetily of tap-end of studs. The practice of bottoming- or
‘shouldering- studs shall not be used. For the set e“d of .t.ds, a class 3A fit used with
seslintfcompound, qradc f.Vef MIL-S-22473 may be substituted for a class 5 interference fit.

4
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Table 1 - Class A mtterial (submarine application) .

Part Naterl.d Applicable
document

‘HI L-C-15726~eeer-.kkel alloy, rmPO-
●ition 70-30 noft temper

., ...

(b) Tube sheets, inner~ Steal, grade LP2 or LP3 -

Steel, qra& A, B. D, S

ASTP! A3S0

AST61 A203 , ,

ASTM AS 37Steel, clasm 1 or 2

(cl Longitudinal
pipe stays

Pipe, carbon steel, schedule
80

~/ASTkl A53

ASTII 106

NIL-S-20157

tI, V262L-T-15005(d) Tube.

(e) SOlts or mtuda in
joint. im.Olving
ma water tight-
mean, or mubject
to aubmergeme

pr**8.re~

Copper-nickel alloy, cOnpw-
mition 70-30-.

Nickel-copper-aluminum alloy,
claas h, hot finished, an-
nealed, and age hardened,
or cold drawn, anmaled, and
age hardened

QO-N-286

W-N-281(f) 3wlta or studs In
cent.mzt with sea
water

Nickel-copper alloy, class A

(g) Nuts for bolts and
studs spe.sified
in (e)

Nickel-copp.er-alumim4m alloy,
claaa A

Nickel-coDDer alloY, clasa A

w-N-286

W-N-181

(h) N.ta for bolts and
studk apeci f ied
in (r)

Nickel-copper alloy, clasa A
or 0

. .. . .

(i) SOlta, ntuda. and
nuts =xposed to
steam or cc.”den-
Sate

,(j) -It., StU&, and
nutm for services
other than an ●PO-
cified in (e], (f),
and [i)

——
Corrosion-remimting ●teel or
non-ferrous alloym

— .—
Carbon or alloy steel or nOn-

ferreua alloymy

l13L-B-es7

(k) Stayo in contact
with mea Watar

—

Nickel-capwr .511OY,class A
or 0

—
‘o--ring, tYp9 1

W-N-281

2UL-G-2161O(1) casket. for wat9rb0z-
tuba ●heet jolnfs,
..cacbo. COV9C jolntm.
and w. fmrbox i.sP9c-
tion or tmnboh cover
joint. -

.
—.

M1L-O-2161O

——- . —
P62L-A-17472

[m) Gasket* batwem.
doubh tuhshntm

—

(n) Guk*u for ●hell
flsnqa-tu2u ●heat
jointm IU-bmd tube-
“-”able bundlm co”-
●traction), and mhell
cuw rm

—.— .—

‘O--rinq, typa 1

——.

Packing, ●hmat aabemtom.
c0wr*ma9d

—— —.. — —
m fwt.notas ●t top or ria,t paw.
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+.. tube .heata .IIlil met the inspection specified in 4.5.3 and 4.5.4.
Innar tube ●heets #hall meet the impact test requirements in 4.3 and the inspection spec-

, ifi.d in 4.5.3 dnd 4.5.4.
**on content 0.35 Parcant mAximum.
bat tsannfar tubing mh.allconform to fhe termile req.iremmnta of table 7 of the supple-

mntacy requirement of ASTM B-111 for copper alloy 715 in the annealed condition. Heat
tramfmr tubing ●hall be eddy current or ultrasonically tested in accc.rda”cewith HIL-
T-15005 as smdifiad in 4.5.7.

~Coppr-nick.l IMtarials used in the .“itn comtr”ctio” shall conform to the requirements
of the specifications limced in table X md, in addition, nhall have a yield strength

‘i~&i~l for bolting *i& will be muh,ected .. temperatures of 650*F .3.above shall he

~ of lasa than 40,000 pound per E=quareinch (lb/in21.
nd atu& shall alao conform to 14S18116.

in ●ccordance with 341L-S-1222, or A5TH A193, grade 7, for bolts rmd studs, or Asm &194,
grade 7, for nuts.

~~w 3.z.g.s.I -d 3.*.9.5.*. .-. . . .

3.2.2.1 Prafernd faatener t~. Preferred ff.~tenertypes are, i“ order of prefereme:

(a) Thr0u9h bolt or through (2-nut) e.tud.
[b) Tap-end otud (l-nut].
(c) cap ●cnw or cap bolt.

3.2.2.1.1 Ca acrmwa * ~ boltm.
?

Cap screw. and cap bolts shall mt be .daedfor
wat.rbox to .hal oz~ox to t~eet bo lf.inq,cm wetsrbox inspeetic.ncover bolti”q.

1.2.2.1.2 Tor w. ?or water side application end for the bolting between inner and
out.r tub. ●heet~..ded fastener. hall be tightemd to deniqn t.arquazequizeuenta. The
vendor aball .at@bli.h the.a requireImnt8, shall include them on outline dre.winqamd i“
nnual, and shall m&ke them chack-off items on fhe aa.eubly inspection sheet. Threaded
fut.narn with torqua requir.~r.ta shall be lubricated by o“e 01 the following lubricant:

●

. .

(0) The following lubricant .aha12’ b= used cm-fastener. not exposed to term or .
wnd9naatm where faatener preload I- required:
(1) -d laad - qrapbite-ti”eral oil. (Lubricant -hall be made 4. follow:

4-1/2 pmdn of blgh grade, dry red lead shall be Weighed in a clean
a.n-insx. 1-1/4 p0und8 of fInely divided. high grade, air-flcmfed
graphlt9 ●hall be weighed in a clean con fainer. OM quart of .traight ●
mtnaral oil (Vi.cosity hall b= 275-325 Sayb.altuniver.al ●econdn (Sus)
●t 100-F (37.q-c]1, mhall be maaaured in a clean, gallon container. )
GraphIt9 ah.11 be ●dded .lwIY to the red lead. ●tirrinq cnntantly
.mtll th. mixture 18 uniform i“ consistency and CO1OZ. )llxt”reof red
ls~d mnd graphite shall be ●dded lowly to the oil, .tisri”q constantly,
until . smofh, uniform blend, free of lumps , is obtained. This lubri-
cant &all not be used on ●lloy. containing more than 1S percent nickel
if kh. ta8qmrature of .a~ration exeeeds 400*F. Parti-1 batche. in fhe
●- proportion. ●re ●cceptable.

(b) ?or faata”.r. .~..d to steam or .xw)danmatawhere fa.tanc,rPr.load i. re-
quirad, colloidal graphite i. ieopropa.ol ●hall be used ●. . thread lubri-
cant.

# 3.2.2.2 screw fhm.ds.

# 3.1.2.2.1 Unifl=d fhr..d ●.rl... Screw thre.da, .xcept am specified in 3.2.2.3.3
shall b8 of th. ~ ~ ~ 1. acec.rdancawith klAm32Wok 3!28.

. .. . .

-#- 3.2.2.2.2 Coerma vmr8u8 ~ khre.d .etiem.
... .

Coarse thread .eries ●h.11 be used unless
th. ~n.nt &~n~s ● tu~y~he use of the fine tbr. ad .eziem.

4
khr.ad ●wI*s sb~~r FIzactlcable.

3.2.2.2.1 Ei” t-fhrshd iariea. TOr fmmtenerm 1 inch diamter and larger, fh eight-

t 3.2.2.1 Claaa of *.

# 3.2.2.3.1 Clema 3A-2B. Clamm 2A-2B fit shall b used for the major portion of inter-
&c.-lqm2ll*●c”wxazta”.r. .

e 3.2.2.3.2 Clama 3A-3B. Clams 3A-3B ●hmll be limited to applications vhere the “eces-
●ity for acc.r.cy~l.~~d anqle of thread cmn h jumti f ied.

6
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Table 11 - class B mterial [surface shiP application).

Part Material Applicable
document

(a) Tube shceta , outer Copper-nickel alloy, couPo- ASTM B171
sitic.n90-10

(b) Tube tieets, inner steal NIL-S-24113

Sfeel 411L-S-23194. ...!

Stael , C16SB 1 or 2 ASTM A537

(c) LOnn:udinal pipe PiF.o,carbon steel, schedule ~ASTH AS 3
80

ASTM A106

MIL-S-20157

(d] Tubes Coppar-nickel alloy, COmPO- M2L-T-15005
Sitioll 90-10

(e) SOlts, studs and Mickel-copper alloy, class A ASTM 8164
nu~ in cnntact
with sea waker

(f) solts, studs, and Nickel-copper alloy, class A~ ASTM B16<
nuts in joint.a
involving sea src..ze,aluminum, wrought, CQ-C-465
water tightness cooition 614, OtresS re-

Phosphor-bronze, alloy A or D ASTM B139
—

Coppex Bilico” alloy AST4IS98

(g) salts, stud.a, and Cormaion-resi.sting or nOn- ~MIL-B-s57
nuts amposed to ferrous Illloya
mteam or conden-
sate

(h) salts, mtuds, and Steel 162L-B-B57
nufa for servi,cea
other than M mPO-
cified in (e), (f),
and (g]

(i) St.aYsin confact Nickel-copper alloy, class A ASTM B164
with sea W. ter orB.

(j) GMIkets fOr W~tO1- Syntbetic rubber, cloth in-
box-tube sheet

Couumrcial, (U.S.
merted Rtier .tyL8 210,

joint-, waterbox or Garlc.ck mtyle
cover joi”te, .nd 19 or equai)
vaterbox impection
or manhole cover
joints

(k) Gasketa for nhell Packing, sheet asbestoa, com- MIL-A-17472
flange-tube sheet prec. a.d
joints (U-bend tube-
reuovabla -bundle cen- .
struction)

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

(1) C;an;r tuba Packing, flexible, Wtallic, NIL-P-1863
grade h

re footnotes en top of next page.

.
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~ Carbon contsnt 0.35 Parce”t maximum.
Utm my b claam B 0! AS:A B164 .
In tym 1 Mndanmarm, material for boltinq which will be mubj.cted to awte.r”at.samtemper-

●LuI.s of 650°F or abovm [ace 6.1.11 shall be in accordance witi f41L-S-i222. or A.$TMA193,
grab 7 for bulb -d ●t.ti, or ASTM A194, grada 7 for n.tm.

3.2.2.3.3 * ~. Claan 5 interference fito shall be uned only for tap-end of studs
(-** 3.2.2).

3.2.2.4 G8narml rules for ●pplications.— —.

3.2.2.4.1 Tbrcad ●nqagauent-nutm. Threadm of nutn #hall be fully engaqed. Maximum
protrusion of th~aner from the top of the nut mhall not exceed 1/2 of the nominal height
of the nut.

3.2.2.4.2 Thrmad ●ngagatmnt - tapped holes. Tapped holes for. nt.d bolta and cap_s=re.wm_ ___ _ -_
●hall havs full ~ for ● dapth of not less thin”the nominal dian’e.ter of the faitener.
In ●ddition, for bolting used in ●reru ●ubjected to ●ubWrgence pressure, length of angage-
Mnt shall m3et r9quirmE9nt# of sDa-63.

3.2.2.4.3 Intarnal boltin
-?+”

llieune of internal bolts and studn #hall be avoided to the
muim ●tint practicable w t out unduly couvlicatinq the deaiq. . where intex”al bolting
must Lu rouznd bmfora a part is dinaamarcbled,● warning plate so rotatingnhall be Prim-
nantly ●ttached to thm part snd shall protrude beyond any lagging.

3.2.2.4.4 Lmckin &vices. Threaded famtenem axeoaed to ●team or Cc.ndenmate●hall b=
..cur.ly lock.d.+lo~nuts conforming to 61S17828may k used for low temperature
application (2S0-? and bmlov) . Salf-lockinq nuts shall not have been threaded on to an en-
gaqinq part rnrm khan 3 tl~s or if 3 such ●nqaqammtm have been exceeded, shall not have lost
-x* thsn L/S of itm mknimm br8akw.#.y torqua ●m mpacitimd in 16S11928 {mea 3.10.3). Ssnt
tab lock wuhmrs UY ●lao h usmd provided they ●re of ●nnealed nickel-copper ●lloy and the
gaq* u hmvy u practicable (not 1*SB than 0.015 inch) . Tab wasbern hrm.i”gonly 2 tabs ●r.
not accaptablm .

3.2.3 ~. Unlman othuwism sp.cified (sem 6.1.1), the desiqn shall be based o“ a
11!9 wxwctancy 01 1S0 ,000 hours of op@ratlon. Thic includem 15,000 hours ●t design full
-r -d 60,000 hours -sumn SO mrcent ●nd 100 earcant of design full pwer. (Thiw
~pr.*.nts 30 y.ar. lit. ●t .pproxiat.ly 58 percent utllixatlo. per yaar. ) ●

3.2.4 -~ -~ ●- -~~.

3.2.4.1 Par ●rCac8 ●hlp condms.r.. w.lding ●nd ●llied proce8mas whall be in .ecord-
MR with clamm A-4 of 641L-STD-278 .xcept .8 madifimd herein. Ora zmd connections may be used
only for ●ttachments to ~m -Cal or V.lW bzc.nzm Wat. rbomw: theme ●hall ba designed to
pm~it Ult?uonic -sting for bond, and ftiricated and inmpoctad in ●ccordance with SiAVSkllPS
0900 -OOi-7000, .x-pt tit rgquir~nnts for ume of pr. inmrt.d ri.qa are applicable only to
pip Kittinqs.

3. 1.4.2 ?or suburint rnndcnmrs, ●ll welding o. Part- oubja.ted to ●ea wat.r pressure,
includlnq 9ntl- double tuba mhwat ammmtily, mhall bc in ●ccerdanca with clam A-r of MIL-
STD-278 QXmpt u wdifl.d kur.in. Ihlded joints 0. tlm salt water sid. till be radio-
qraphablm ●XC,pt fOr W“t and tiain tlipPleS. Waterbox vent ●nd drain nipple weldmd Xn-
wctiona ●hall rn8t t.hm100 perc9nt w.ld .Cficlency requkrernnt for pre...re ve.sel..

3.2.4.3 Wh.n ●kammrine mnd ●.rface ship Conda.mera ●rm designed to support mnd mainfain
thm ●lLn*nnt OK turbi.8a or turbO-99nerat0ra. -“dcnmer shells and tha turbine ,unmort

6

..-structum, or only fku latt.r, chali k str.. i-rmlieved -a ft.. waltin9.as _rtiti”ied~t~~.~ns.re -... .
●d9quat9 dlnnwlonal ●tability for Uinte.anca of the turbine or Curbs-q.nerator mlinerent,

-----.

wh8n a.n&aa9r. ●n not dmalsnmd to ●pprt and uintaln th. ●llnement of t.rbinea or tuxbo-
qenmrator, tharmml #tr8m8 rslimf it not required.

3.>.4.4 ?or ●urtma mhip knd mbmarine condenmerm. structural welding of mtem dump
knd ●uxiliaw ●xbaust prem8ura/valocity reducirrqC0nfi9urati0n (wee 3.2.17.3.1) ●hall be in
●ccc.rdanco wish clasm M of MIL-STD-278 (100 percent efficient weld joints] except th. t mag-
netic Particla or liquid panetrant inspection of root Welds ●nd fi.imhed weld ..rface9 may be
.ulmtit.t.d for radioqr.phy.

# 3.2.5 Pipin9, valves, fittin9a, and associated PiPin9 component. shall be i. accordance
with MIL-STD-777 for surface shipm, and with M2L-STD-43E for Sub!mmimm except as madi-
fied herein. 1“ ●ddition to braxi”g flanges allowed by MI L-STD-777, walded copper-nickel

8
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flanges of either fh. slip-on or weld-neck design are acceptable PrOvided that interface
geou%try is not af f.scted. For mdxnarine ay. terns subject to submergence pressure (category
and group C-1) , requireumnts will be as specified (see 6.1.1). Soot connections shall be
&signed to minimize stress Concentrations and shall have the increased wall thicknesses
required by Drawing B-214. Methods and types shown on Drawing B-214 illustrate the desired
principles. The location and qemeral arrangement of piping shall provide ready access for
take dwn and main fe”a”ce.

3.2.6 Mercury (119)nhall not be used for any service (except fluorescent or H9 vapor
lighting ) in the prod.ctio” md testing of condensers.

3.2.1 Shock. when shock-resistance is required (see 6.1.1) , condenser shall be
9rade A. clas~equipme.t ~s defined in MIL-S-901 and shall pass the high-impact shock
tent specified in 4.4.1.

3.2.7.1 ~ck-rasintant -.

3.2.7.1.1 clearance for bolts shall be no greater than the following unl=ss permitted
by the applic.iblepipe flmqe standard:. .-..

N_omimalbolt d~ Nomt”al diameter of hole

(Inches) (Inches]

>/4 and smaller
Larger than 3/4

Nominal bolt diameter + 1/32
Nornhal bolt diameter + 1/16

3.2.7.1.2 k%ere braces ❑ust be ●rployed to afford stability under shock or vibration,
the braces #hall be &signed to fail under a load cawed by . force equal to five times the
weight of the unit. This load shall be assumed to be acting at the center-of-qravity of the
unit.

3.2.7.2 Static de.i n method.
+

Shock design of apparatus “Ot ordered tested i“ accord-
ance vifh 4.4 .=a~l%e ase~the minimum ‘g-load- values for the vertical, ath.artships.
and fore and aft directiom as specified (see 6.1.1).

. load- values. The appdratus shall be capable of withstanding
~h&k~~~{{~; %s%&er== at the static .9-10~d. V~lI=S a?pli.d separately i.

Each mass elemmt of the unit shall have a“ inertia load applied equal to
(&a XG X 9), where:

dm - distributed mass
C - static g-load valu tabulated above
9 - accel.r~tiOn-Of-9r=ity

The res.ltimq Btresses and deflections, when added to the ❑aximum “Ormal operati”q values.
shall not exceed allowable stresses or deflections .s limited by equipment operati.a”.

3.2.7.2.2 ~ll~~~e. ~tres~e~. The .mXnbi”aticmof shock and Operating stresses shall
not exceed the O.~ percent o~met yield strength at Operating temperature where deflection or
alimmmt Is criti=al or where a slight plastic set is not permissible. The criteria
for failure when pl.amticset is permissible iB the effective yield str=”gth of the material
(except for condenser tubes where consideration will be given to the acceptance of calculated
stresses up to 2.0 timn the yield strength of the material provided the Co”figuration does
mat bec.xma unstable or result .“ fracture)

f
Thin ●ffective yield ntrength in temion and

nhear im repreme”ted by d md respectively, which are defined as:

Wher.e: by i. the 0.2 percent Qffset yield, elaatic limit or other mrmal d=fi”ition of
material yield stre”qth (shall be take. from applicable material specification) .

hu in,the narmal &finitiOn, Of *terial failure atrewth [shall be taken from
applmable ❑ater?al mpecif+catm”).
F i. a factor whzch takes into account the efficiency with which the ❑aterial in
the member is utilized md i. dependent 0. the kind of loading and croaa section
of the member. The value of F in ●qual to [that load required to co~letely
yield the member divided by that load required to just initiate yielding ‘li .
F =q.e.la zero for maubers i“ tension and where material has less than 10 percent
elongation before fracture in a tension teat; F equala 0.5 for a rectangular
mecti.m in pure bending.

9
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3,2 .7.2.3 W.. ??L!S <,?.1Y5z5. k%cJ> S,>L.cLfi. d (See c.] .1) , tne ma.. fact.r.r shall Conciuct
a concurrent uy.a.,icar,..yti,s. Thtiaccept.n>leieslg. analysis method is c..tlineciin MAVSIIIPS
250-423-30 .sinq the input qcan. itic% CO. the .pproprla.e type of installation isubma.i.e
or murface ship) 1.0,, 14nL Report 1196. The ma.hmnatical model that the contractor proposes
to usc shall U. approved by t-hearawi.y review agency [see 6.2), prior to release for
fabrication. For a multi-deqrec nf freedom Bystum, the shocklatress deflection is the
sum of the qrtiateststresslceflection for any mode and the square root of the sum of the
squares of aLressee/de flect<c.nstalc.laced for the other modes The number of modes shall
* not less than half tha number Of degrees of f:ec.d.m,. A sufficient number of modes shall
L.Ecake. so that the total of modal we,qht. consld.red will be not less than .90percent
of the total weight of tue con.enser. Allowable sLresses/dc fl..tions are qive. in 3,2.7.2.2.
Itens fo.”cl deficlc”t by the andlysis shall be idenLifieu .a”dcorrective actions proposed.

3.2.7.2.4 s~gesg ~$po~i We. .alc.laLiOns hy the static dcsiqn method or the .iynamic
dcsaqn retho. are req.irrd, a stress s.nn.aryreport shall be submitted along with the .alc.-
Iatton# to the drawing review .wjc.”.y for a.proval RPporL shall cover .1] arcas for which
shock gtre. se. w.. calculated and shall indlcatc,the apP1icabl.cyiel<..trength for each
Stre,. repnrted

1.7,7.5 tix~ep~l~ns. The ab.avcbasis for shock design applies except i“ the following
c~se,

(a) h%.. tfleap?art.t.s .PrOPo.ed is of identical design to one that has been
previously shock testnd.nd finally accepted by the xavy, SU.h desi9”
shall be acceptable If lt U.2etsall other req.iretrmnts for the proposed
appllc.t,o”.

(b) Wbep the apparatus proposed is of identical dcqign to o“e that has been
P...il?.l? ~v.a.~CallY . ..l Y.ed a.! such analysis has b..:. finally accePtcd
by :JavY.S.ch dea~qn Gall be applhcablc if:
(1) The matheuat,c.1 noticlC.P.DIL.-Swithout Change; i.e. , the equipue”t

Involved is a Zcpcat proc.rcue”t for which the foundation and other
.q.lpu.enlaffecting t),.nmkl are the sanu,.

(2) the apparatus r.xts .11 oth.r rcqulrenent$ for the nr.aposedapplication.
{c) tie. the apparatus proposed 1s similar. but not identical, to a design

previously tested or dynan.icallY analy?ed and accepted by the Navy, the
❑anufacturer may d.?fi”e area. of diasitnilarity, includi”q calculated ‘g-load”
capabll,ty in these areas , and propose to the Navy the accept.a”ceof such
desbg” in lieu of the req”irenm. L i“ 3.2.7.2. I f tbe drawinq review aqency
-nCurs that the similar d.,ign will provide equal or better shock capa-
Li]itien i“ the intend.. applice.tie”.extenuio” approval will b.-qive”.

1.7.7.6 Ponicive IWans other L),.”.},.:..resistance of Wnterbc.xbolting .h.11 be pro-
V,ldedto preven,twat. rbox disnlace~enl rt.lativt.to the Lube sheet under vertical and trans-
Ver.. ~t,,o,cb.

3..?.8 CO~ti~en?~r~?pign.

1.2.8.1 Condensers fur submmrinv .tirviCe shall have the sea water aide, i“cl.dinq
the do!d.lctube sheet ccJmPlex,desiq”ed to W.thstand the Lfesiq.pressure (=e. 6.1.1) ,
temqmrature lee 6.1.1) and cyclic CO.UIL20”. (see 1.2.11.2.2, 3.2.13.4, 3.2.13.5.3,
3.2.15,.4,.1.1>nd 3.2.15.4.1.2). The JJb,11ty Of the c“””c”scr to w.chst.an” the loads re-
sulting, ;IO., the de.ig” pre.s.r. , tecq,eraturc.,and cycl&c c.antiitlo.s .hali b. dewmstr.ted
by t).e..? of %thods, and criteri. contal”e. i“ SLIL-63. C.id.”cc with rctjardsto strucLural
deb.Ign>f datcrL.xes may.@ c.htal<eu fro.,Southwest Hese.rch lnsLitute ft.purt ‘Lxperxme.tal
stress ,%n*lys,.s“f ,,..LLxcharlqcr},,..s, An ac..pt.Ll. metlwd Op calcul. ti.q Local .treSS=S
in nozzle. .. the,no.zle-h.m,sphere &nLcrsectxon [“o 10..1 reinforcement) res.lti.q from
exter”,dl Ioadx,nq IS uak H.dqe ,Jatiu”al l.-m,o;. tury, s Con<p.ter pruq.mn -cLIu.-II,,(see “OCC 1)

+ .,cc.pL$~l: ~$-tt-odof .“. IVS,s for duuulc tube sheet complexes is the computer program
WYLWS ‘ (see nut. 21,present.. 1.,f’..nk1,8,lnstiL.te Research Lab. Report F-c2e 38-4,. TtB.
M4nuf..ct”,..r may.us, OU,I.,‘mmp,lzable “I!,t,,o.sof a“aly.is for calculating, local stres.cs in
....1.s at the..o~zl,e-h.mlsph. rei.nLCrse.clu. and.for afmlyz,.y doubl. tub..sheet COW1. X.S.
I@!.?.r,i.a,l,pr.op~ties,s@],],bm x .Poc.f,le.,kg SufJ-G?O? herein

WI i.1. Wmp.<ur proqr..,so.r,cedeck is,a.aiIC.b,lefron,,NAVSEC (COO., 61,4,7).
.W1,L 2. c.amp:te~P.oyrdn Wi11,b. made a,vai,l.ble .00...Iq>licat.i.an,co,NAVSEC (6147),..2....11

acQlvl.ti,e,5n@. co”,cr.act.Qzseny,dq.s 1.”,c.rr.”L SI@mar,l.IIeCO.den.qc.desiq.,.alforL..

3.2;.R.2,,K@e”seqs fur,s.b,e.c?ncs,sh+l be d.+ignccf;to,operate at a“ aubie”tipressure
of. 30,itlch,csof,Hg,,aus,olut..wit,l,a;v.ari!a,:.i,,o”,o,f:pl,u.s,.aGmLnuB! 6,inches.ffa!,and,sha],lnob
be,d+n,.gud,VI)+.,s.+ j,ected,t..>,,In,n+ie. t r;.,es$uq.of{ be.twe.”, L~, and, JO, pounds, Ucr. squar.. i,,.!,

+oI,u,c... l,l,b<.iln?a,,,YI,G.I!,thq ml,.qmu.,i.nL..~n.,1!~cessur,t,w:)lcli,w,i11,[Iruva,ifl!.n,:c.:an.:,CC,14!JL,<..
uf,r>?,$qa,q,,c,r+..

1!.
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Condensers shall be capable of operating at any back pressure from minimum
atamiaci ?.tmasphericpressure durinq the condenser life.

For surface ship a.ndemers, the sea water side, including the double tube
for “uClear ships, shall be designed to withsttmd the design pressure and

temperat.ie, and all parts subjected ba such pressure and temperature shnl1 be desiqned i.
accordance with the ASnS soiler and Pressure Vessel Code, Section ‘VIII (Division 11. Unless
otierwime specified (see 6.1.11, design (maximum working) pressure for the sea water side

shall be 20 lb/in2g. liaterb.axshell thickness shall be established under the rules of
Secticm VIII, Division 1. Use of the calculation =thod to establish design thickness is
.reatricted to.those simple -shapes for which thickness formulas are given in SectIon VIII, 4 . . - -
Division 1. h%ere “oncalc.lable configurations are used (as defined in sect,O. vI1l, Divi.iOn
1 the provisions of paragraph UG-101 i“ Section VIII, Division 1 shall be ❑et and test re-
sults be submitted to drawing review agency for review and approval. Other methods may be
employed if approved by the drawmq rev,ew aqemy. welded joints o“ the waterbox shall be of
the full pmetr. t.on typ= except for attachment of waterbox stiffener. . for attachu.e”tof
the principal flange to the waterbox, and for nozzle to nozzle flange atta.hmmt: weld joint
de~ign for the latter two att.achm?nts IMY be of the sliP-on tYPe with welded jOint desi9n
co”focmi”g to P-16 of lflL-sTD-22 (see 3.2.15.12.11 . Intermittent welding in attachment of .
waterbox stiff.mi”g members shall not be allowed. Weld joint efficiencies shall be in
accordance with Section VIII, Division 1.

3.2.9 ~h~. 3f kmmm, the shell Iimiti”g dinmnsion8 shall be specified by the Counnc.nd
or agency concerned (see 6.1.1). The shell shall be stiffened by shapes welded to the she]1
plates , as required. Entire shell shall be comtr”cted “sing welded joints Shells for
condemers, except as specified in 3.3.2.4, shall have .sminimum plate thickness of 3/16 inch
for cylindrical shells or 1/4 inch for other shap.s. k%ere the thick”ese of steel condenser
Bhells is determined by Calculiitiom, a corrosion .11OW....?of 1/32 inch shall be provided
for types 1, 11 and 111 condensers, a“d a corrosion allowance of 1/16 inch shall be provided
for type Iv condemners.

3.2.9.1 shells Q straight t@& ..iLs.. Tube sheets shall form the shell ends and be
directly welde=ereto, 0=.11 be wel~ed to an extended neck or collar section of the
nhell. For surface ship condensers, the shell to tube sheet weld ah.]1 be sf the full pene-
tration type and be liquid pemetrant or magnetic particle impected to the requirements of
f41L-STD-278. For mbrcarims c.and.ms.zrs,the shell to tube sheet weld shall be of th. full
penetration type and shall be in accordance with class A-F of MIL-STD-278 except that, if a
radm.qraphable weld canmt be provided, the weld shall be ❑agnetic particle or liquid pe”e-
trant inspected on the root passes, the back chipped side of the initial root weld, and the
swface passes , to fhe requirerr.e”tsof M3L-STD-270 i“ lie. of bei”~ radionrc.phed.

3.2.9.2 Shells for ~b$nd ~b~ y~its. The req”ireme”ts of 3.>.9.1 shall .?PIY exc.pt.
that when reIro~tii& bu”d= 1s spec~f.d (see 6.1.1), a f1..9* shall be w.lded to the open
end of the shell for Secwing the tube sheet assembly and waterbox. The shell to flange weld
(full pemtratio” type) shall be maqm-tic particle or liquid penetrant inspected to the re-

q.ireme. t* Of WL-STU-27B. when removable tube bundle i. specified the interior of the shell
shall be provided with quides or rails for easy removal of the bundle with “o cutting or
bur”imj c.peraticms req”i.ed. If the b“mfle is not rcnwvahlc, complete retubing shall b.
possible with no cuttinq of the shell required, such %s by providing a bolted clos.rp at the
e“d of the,shell away from the tube sheet. U-benu tulleCondensers shall be prnvidcd with
a“ impectxon opminq at th, U-bemi end to permi t impcction of o“t.?r tub. U-bends.

3.2.9.3 Provisions fp~ ex a.sio” of tube,,@ shells.—.—. —_ She] Is for condcmers in which
~t=rid=”shi-l~ have CiIiii”ttvem..”. provided to I-ompensatestraight tubes are expanded at

for the relative expansion betwce” shel 1 and tubes sowing of tubes is “ot .. acceptable
mea”. of providimg for relative .xpans ion between she]1 and tubs. Addi tie.al moans, such
as om flexible support foot (small condensers) , or lubricated Slidin? s.PPOrt foot or feet
(large co”de”sers) , shall be provided cm the comle”scrs PXce!,lthose suspended frnm the
twbi”c exhaust flanqe , co compensat, for expam+io. and contraction of the shell When
a flexible support foot is used, the fixed foot and its fo.mlation Loltinq shall he desi.ccd
to withstand the full-load due to high-impact shock in the direction Irmqitudimal of the
COndenser Slidi”q feet shall be provided with oversi:cd fo.nc!atim bolt holes amf shoul-
dered b.shi”qs for the fo.mlatic.nbolts , so mchincd as to al low not MO?. ‘th.i!O:005 inch
clearance betwem the bottom s“.$.cc of th.?bushing should-r a“d a finished or spot-faced
surface of the foot. 1. .dditim, keys sl,al1 be provided in the.sull!lortin9feet as .cccs.acY
to withstemd hiqh-impact shock antfto pr.scrv. the alin.m.nt of the t“rbine when supported
by the .xmdenser. Arra.gmr.mt of fomdation bol ti”q and keys ahal 1 b- worked o“t between the
shipb”i lder and the condenser man” fact”rer a“d shal 1 be s.bjectito approval of the drawinq
review aqency for double tube sheet condcnscr. . COnC!@nscrsWith U-lxmd t.bcs s.hal1 have
provision for shell exp.msio” as dencribc.d herein. Co”dcnscrs with U-bend t.b,.s do not
req.xre shell expa”sicin joints.
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*
of f,lij”~i~;ir.L~WRd~~;~{ ~lemnt.

Expansion joints shall be designed to permit accomplishment
Expansion joint design shall consider the effects

or corronion, fatigue stresaen (for all condensers except type I condensers of non-nuclear
~ered ships - 1.0,000cycles of normal condeneer operation from start up at 70”F to full-
-or ●t 2@”F inlet water temperature! for type 1 condensers on non-nuclear powered nhips -
10,000 cyclma from full-power dhaad to full-PWOS aSteI. with 75°F inlet Water temperature)
●nd mhock #tres#as. Fc.rdouble cube shest condenaern, justification of eWansiOn joint
design ●nd outline of field repair anti replacement method, shall be submitted to the drawing
revi*w ●gency for approval. f4sthodMof field repair and field replacement of expansion
joints ah?,ll.be included in the cendensei technics] manual in detail. Where the co.f Iguration
of tbe joint will result in condensate bein9 trapped, fittings on the joint and on the hotwell
shall fm pr-vided for running a drain line to inn.re joint drainage. outline drawing and the
manual shail indicate the proper method of runninc!thzn line.

1 3.2.9.4 S.p?orring feet or brackets shall be designed to secure the condenser, its
component. and accem.oriea adequately when the,ahip is listed, rolling, or pitching [mee

..3.2.11.and.for tbe-mhock-condi tions.specified 1. 1.2.1...Uazzle..flange.a.or piping sheLl not.- -
constitute the prime.ry means of m.pport of component. or accessories. W%ere design of
supports im b.med .anu.. of hc.lddovnbolts of higher ntrength than grade 2 of MIL-B-857,
spacific information for shipbuilder,a q’uidance nhall be given on the outline drawing. F.ar
●bmarin- cc.ndennernadequate jacking ●crewn shall be fl tted i“ each supporting foot for
use during i“mt.1lation ●nd aline.ent of the condenser.

3.2.9.3 Noxzlem or padreshall b= welded to the mhell . Nozzles ❑ay be fabricated of
a?ort lengths of pipe provided with a flange, and padn may be bar stock or plate of req.ic.ite
thxckn..s for studs. Nozzle. shall he of the minimum length poseible for through bolts.
rlang.. ...4p.ds shal1 be in accordance wirh applicable pipinq schedules , except where appli-
cable cateqory and qm.p for the cc.n”ection require. no”-ferrous material , the mating condenser
flanqe ●nd nipple c..pad connec~ion may be of steel in Conformity with the appropriate flange
Specificatlcm.

1.1.9.5.1 k%.n pads are furnished, the padn shall be tapped for E.t”dsa“d the at”ds
●nd nut. hall be f.r’”ished ●nd Installed by the Cc.ndenner manufacturer. St”d% and nuts
f.rninhed on condenmer #hells for submarines hall be of the non-ferrous ❑aterials specified
for it.ma (f) .nd (h) in t.ble 2.

a 3.2.9.5.1 Accesm Openinqs in the shell of condensers for 8ubmarines, flangem of which
●re in the form of pads tapped for .tudm , @hall be provided wiLh Studs a“d nuts of the
materi.1. SWcified in 3.2.9.S.1. The vendor Dhal) provide internal acct.sato examine .a,-,d
repair c-andenuer ste#m Impingement baffles with co”denaer tubes in place. The location
of ●:ceam Mvers 8hal 1 be ❑utually ●greed between the c.a”de”servendor, shipbuilder, and
drawlnq re.i=w ●gency.

1.2.10 Baffles for sep.zc.ti”q the condensing nurface from the air Wling surface hall
be fitted .. n=censaty and their ●rr.nqement shal1 be Buch an to pr.ad”ceminimum i“terfer.s”ce
with the effectiveness of any csoli”q m.rface.

1.2.)0.1 Baffle. over the air ?.wling section shall b. located hiqh rnouqh .O that
the .ir suction will not b. blockeu off by a normal rim of condensate level, or by opera-
tlOn undo. any 01 the eo”ditio”s of hip attitude. Air . jector ●uctLo” connections shc.11
kc. Iocat.wd I,iqhenc.ucfhon the shel 1 to pcovidc for drainaqc I“LO the Condenser.

1.2.11 It i. r-h. re. pen. ik, ility of th. vendor to Insure that turbine ●xha. mt.
* ●uxiliary .shaust l.c. 1.2.17.3.1) and dump att.c.m [see 3.2.17.3.11, are introduced into the

Condenser in such a manner that ~nde”,cc cub.. , shell .“IJinternals will not be.dmnaqed by
hiqh W1OCL<Y mteam er any nai.ture c.~ckedup and carried by the -team flow.

,-..= ,1.2’:1’1.1.-ro~+?lfa.a’ts’or, t’ukliln+-i,U!,i?l,”6re-.iIpp~i~d-w-i’tfi-iat-irSted-it~aij for ‘d&p .. -,..

●learn (s.2,:1.2.17.3.1.2) a“d for .auxili.ry exhaust lube” rcq.ircd - see 3.2.17.3.1.2), three
row= of Impi”geurnt tubes shall In?i“ntailed 10 protect the tub. bundle ““less .athervise
aPProvcIIbY th. drawinq review aqe”cy. 1~~.9,.m*nt tubes shall be 3/4 inch o“tnide diawter
(o.d. 1 of 1~.Birmingham wire Ga?c IIIw,Imlnlmtm.“o-in.] wall thickness and the material
.1..>1 be stcli”le.e ‘t.cl. If weld.,1 :uq,inqcu.-ntt.Les are f.r.ishmf. t.hi”q shall be in
acco,dancc with AST,4A249 in an a“nc.sledcon,lllion. Th. first two row. of iu,pi.qc.n. nt t.hes
hall b- .srra”qed cm a )-.. c9 .Cmi.a] triatlqular pikch. Arr.nq.me.. of th. third row of
iwin!ew.t tubes s~oll be *.ch that ntca’nentering the arc of impinqeme”t tube protection
will “ot & able to enter the rubs bundle without str,ki”g at least o“e Imp,.qeme”t tube.
Sracc ~twec. the inn.r row of inwi.gewnt tuLes and the tub” byndle periph. ry shall be mini.
m,ze,i ,, oral,,c to reduce reaccel,rot1“. of Wntcr dro[,lets lW~n,le=nt t.~es -hall not pene-
trate r.nyt“lm sheet. Z.e”gtltiof the impinl.rrc.t C.L.-sand tlm arc of cov.arag.? sha) 1 be such

. ... . . .

. . . ..- ,.
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that any straight line to the tube bundle from the turbine exhaust trunk exit, steam dump
baffle exit [see 3.2.17.3.1) , and auxiljary exhaust baffle exit (when required see ?. 2,17.
3.11 will pass fhrough this arc of coverage or through the metal of a tube B.pport plate.
For submarine camte”sers , t.lmimpingement tube mupport plates shill1 be attached to the con-
denser shell and shal1 not contact tub=% or tube support plates. Arrangement of the i.mpi”qe-
Irenttuks and their uethod of support shall be s,tmdtted to the drawing review agency
to demonstrate that Lbe req.lrements of thim paragraph ha= been ❑et.

3.2.11.2 For condensers serving turbines supplied with saturated steam, stay rodn , or
other structural meubers in the turbine exhaust area and subject to direct impingement of
turbine exhaust steam mhall be protected against erosion by either covering them with sleeves
of erosion resistant material 0. oLher similar means.
., . .. .,.,..,.. .. . . .. .. . ------ .. .. ... ... .... . .!. . . . . . . . ..

3.2.12 Type 1, 11, or 111 cn”de”sers shall be provided with a condensate *tap or well
having a walwnetric capacity at maximum design working condensate lcv.1 equal to or exceeding
the wIume of M“de”mate handled by the ccmde”sate pumps durin~ 1 minute of normal op.ratitm
Uhe” the connected equipment is operating at rated full-load. Condensate sump or well shall
he attached to the bottom of’the condenser shell; shall be provided with the necessary swash
plates, liquid level gage comect ions. clean-out holes , flanged Co”n*cticJns for the
co”de”aate pump suctions; and, if required for maintai”ine proper aubmerge”ce of the c.ander,-
Sate pump mucticms under the conditions specified in 3.2.1, a drain pcket ●xtending the
Ie”gth of the hotwell and having the low point and m“ction connections at the e“d nearest
the pumps. VP= lv cOndenserB ohall be Provided with condensate outlet 1s1 To ❑inimize the
&mount of foreign material that may enter the condensate pump s.cti.”, the c.mde”sate pump
suctions of c.3n&nr.ers shall i“c.orporatea l-inch high sta”dpipe .arranqeme”twhenever the
P- suction is taken from the bottom of the hotwell.

3.1.13 T&< g&e=t~.* ~u~t~nh ~~a~.

3.2.13.1 Tube sheets shall be rolled in one-piece. The !mi”iu,umtube sheet thickness
for expanded tubee shall be 7/0 inch, a“d for packed tubes it shall be 1 inch.

3.2.13.2 Sea water cooled condensers for “clear propelled surface ships and submarines
shall be provided with double tube sheet co”str”ction. Tubes shall be cxpa”ded into both
th= outer a“d inner tube sheets at each end.

3.2.13.2.1 Cable tube sheets shall be separated by a BP... at least 1/2 inch wide.
SP~ce ahall ~ vented and drained to atmosphere. Space may be formed by machi”inq the face
of 0“. 0. both tube sheets, or a spmer may be used bewtee” the tube sheets

3.2.13.2.2 It shall be the re.pmibility of the vendor to determine the width of th=
pace Ijetwee” the tube sheet. so that tbe spa” of the tubes included wi 11 be auf ficient to
prevent the tubes from being overstrensed due to radial expansion differentials of the tube
mheet.gunder cyclic c.peratimg co”ditio”s, including start-up-normal Operation, sh.tdow”,
mater. operation and steam dumpimq. conditions of op-erc.tie”shall assume 28- and 85.F inlet
circulating water temperature , water velocity as produced by f.11-speed circulating pump
Operatin” a“d the highest steam temperature conditie” i“ the shell res.ltinq from the above
❑e”tio”ed cyclic ccmditicms Calculations to support the structural adequacy of the double
tub: sheet assembly [i.e. tubes, tube sheets, spr.c?rs)shall be submitted to the drawi”q
revLew agency in support of the outline drawings .

3.2.13.2.3 Double tube s>eet design for “clear propelled =urface ehios shill be i“
accozda”ce with o“e of the f.all~winq:

(.) F!Q1ted ~g~ ga~k-.?t_ed.Outer t“he sheet shall be secured to the inner tub.
a~t or spacer piece (if fur”ishcd) by means of threaded fasteners which
shall be of sufficient size ..cIn.mher to mai”tai” tightness of the gasketed
10i.t *he. the w..ified water side hYdrost~tic test Pressure (see 4.2.1.6)
is applid to the -pace between double tube sheets withoct dependence on the
waterbox flange bolting. Gasket shall be replaceable wi t,ho.tnecessity for
retuhi.g the c.andenser. The spacer piece (if furnished) shall be w-ld&l tn
the i“”er tube sheet, and this weld [full penetration weld) .h.a]lbe liquid
Penetra. t 0. ma9.eti. P.KtlCl~ insPected to the requirement. of uIL-sTD-?78.
The structural adequacy of this welded joint shall b. justified .by malysi.,

.... . .
(b) Co~le’tel welded. Outer tube sheet shall be secured to the inner tube mheet

_by ~“iided”~oi~t which shall maintain the tightness of the e.anemblywhen
the specified water aide hydrostatic test pressure (me. 4.2.1.6) is applied
to the space between the sheets without deDe”de”ce 0“ the wat?rbvx flanae
Iwltinq. The welded joint (full pen.?tratibn weld) nhall be liquid pene~ra”t
or magnetic particle Inspected to the requirements of f41L-STU-270. structural
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adequacy of tnis welded joint shall be justified by analysis. Distortion
of tube shee.@ due to weldinq adversely affecting tube hole alineme”t shall
not be permitted.

(cl Seal welded. Outer tube sheet shall be secured to the inner tube sheet or
9

“’-SP&erplwce (if furnished) by means of threaded fasteners which shall be
of sufficient size and number to ❑aintain tightness of the welded seal joint
when the specified water side hydrostatic test pressure (see 4.2.1.61 is
applied to the sPace ,betwee. double tube sheets without dependence on the
waterb.ox flange boltlng. A mm,bra”e seal weld Bhall be used to seal the
joint between the ouLer tube sheet and inner tube sheet or spacer Piece
(if f.r”ished) The spacer piece (if furnished) shall be llquld pe.etra. t
or magnetic particle inspected to the requirements of MIL-ST’D-2713. The
structural adequacy of this welded joint shall be j“stifi.d by analysis
(see 3.2.13.2.4).

(U1 OCIIC.Fdesjy”s Other desi.ns may be .IUP1OYC. if speci flcal]y approved by
the draw,.<)rcvlew a.cncy. Des.iqns shall permit examination of all tube-tc.-
ttie shec.t >.ai”tsfor leakage at the c.”ter tube sheet during hytiro.ta:i,c.
testinq of tne void spacc,between .thC tube Sheets.

1.2.13.2.4 ~uhle tub! sheet seal we~tirymb~?.”es.

3.2.13.2.4.1 seal weld meti,ranes ah.11 b. no.str”ct.ral .II.E.PLfor the fluid pressure
load n? its own area and loading imposed by 3.2.13.2.4.2.

1.2.13.2.4.2 seal weld membranes shall accorrunodaLe the relative motion between adja-
cent marts under all c.neratinqa“d no”operatinq conditions incl.cfi”qpre]oad, shock, vibra-
tton, all Cransi.srtand steady stat. temperatures and pressures , shippi”q, hamdli”q, and
●s5eMb1y.

3.2.13.2.4.1 S..1 weltimerbrane materials shall b. in accordance with MIL-C-15726,
NIL-T-16420, or x,-K-2P].

3.2.13.2.4.4 s.?.1welds shall be capable of being repaired with onboard hand tools and
by mm”. alarc weldinn. Repair prc.ccdurc..qtial1 be included in the component technical ma”..]

3.2.13.?.4.5 condenser ma. ”facturer .1,.11 perform pressure and deflection cycling
test to prove the adequacy O< .11 seal weld m?tirane desiqns used. C.a”de”s!ermanufacturer
may submtt to the convnandor aqency co”ccr..c!exr,erimenta] o.. a“alytlcal data for similar
.ea] weld matirane de.iq”s .“d 09erati”T co.u.ti”.s as j,tstific.tirm for req”estinq waiver
of prassur. a“d deflection cyc]inq lest..

1.2.13.2.4.6 2.xM’rnal svrfacc CJ[the seal metiers shall be accessible for examination
or prart.c.+!repair without cutti”q any welds.

?.2.13.2.4.1 Uesiqn uf cl,-Colml,:nsershall tx-nu..t)).detcctton and location of leaks
in all se.] w“,d uent.rares d.ri”o hydrostatic .,.stinq O- Che void space bc-twee. the tube
she,:. .

3.2.13.2.4.S For aurlacc ship e.ppl,cet,,u,,t.hcs..] w,.]d shal I be lit!.id penetra”t
I“,r.ectedto the req. ireuo”ts of MIL-SIL,-2711. For submarxne appl,c.tion. eacl,weld pass
shall be lnspec.,ed i“ C.CCOrda.Cf:WIL!,fill.sTb.27u.

1 3.2.11.3 Tub. sheet, shall be nlach, ”ed tr. accommodate tub.. expanded at both end, far
auhmar%ne b?d nuclear-propelletisurface 3,12Pcondensers. and expand.<!at the W..L.Tinlet end
and expanded or f.ackedat the water ..1 ICC e“d for no.-”.cl,,ar ..rface ships . Lack of normal-
icy between drill .pi”dle pal,? and ..r!acc of tube .I,. et shall not r.xcec.d 0 dcqrees, 20 r,inutes.
For SUbm.rlne condensers, holes Ant. whlrh t.L#.ends will IJI’expanded shall be machineu to a
dLC.~.t~~.01.0.626 inch with . lolvr.>ncc c.f.pl.s 0.n05.snri,.,.m,in.s q.0130inch {see 4.1.2,1.1).

“ For “,,clear-P,O.,.-1led surface sh,n .“”O..,,,,,. lL.alesLnto which tubes ‘s>11 k expanded st,all
be Ir.ach,.edto . diameter c.f0.6?6 1..1,wttt a tolerance of plus 0,007 inch, mi”.s O.Ogn
Inch ,S.C 4.1.2.1.3) Fo, .O.-...)... surf... shtp comhn..rs. hole. into vhlch C.b.s ‘#xl1
be e.pande. shall be rr,acht”edto .4Lltan’clcr.1 0.C26 inch wtth a tolera”.e of n)”s 0.007
1..!1,minus 0.000 inch. F’orthe case of tul,esto b!.cxparwjvd at both ‘ends, the rni”inur,tube
mhwl l,gament shall be 0.182 *“c).WIIL.SS f,.tiquc .al.,j]at,ons for . ~ub~rlnc ,o”dc”~,,r
cstabl,sh the need for a thicker Iiq.ncnt . 1. which cast.sucn ales,qn value sha] 1 become
Ch..r,n,mun l,g,m,.-t Ll,ickn-ss. flUt-Of-,’%U,,d”.S5 -f tn..- hOle, shall “Ot exceed 0.001
inch h’fmnbat. ends 01 the tub,, arc to II. ,q, anded the tube she,t holes ,hal 1 be qruoved
as f-llr,”s:
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A
inch decn, wi th the outer edge of tilegroove 3/8 inch from tileouter fwatcr)
..-

~ith”iicc~,-’~/3”2”j.~;ha~irt.,
.

locat,.1wit!,tl,c out-e ..–,. . ..
qroovc 5/16 inch from the o,utcr [water) side of the tub. sheet. Innt.r tube
sheets shall be provided with three qrnovos 1/16 jnch wide. 0.007 inch deer,.
located midway ok the rolled joint. ~

.

For the case of t.bcs to b. packed at the outlet ends, the tt,b.sheet 1!010shall M dri llccl
to a dianeter of 0.635 inch, the” co.ntcrborcd truly conccmtric to .. depth of 3/4 inch, and
tapped 7/0 i“.h diameter, 18 threads-per-inch . For these holes t!,.mini,mun-1“1,.sheet liqa-

. . . mint shi11.be 0’..14B i-nc17-irf‘.Wa-Vo-fMu-nCe-rl;c.re [Sri-ofto thrcmf<.a).
. . . .. .. . .. .

““’”’L1ltubti-hhlei “at@acl,

I

face of tube sheet shall.be de~”rred and rounded off to a “Tadi”s ;f approximately 1/16 ‘“
inch, or chamfered using chamfer nf 1/16 inch by 45 deqrecs to renovc the corner, exco,nt that
the water inlet c“d of tuhcs o“ the c.”tee (water) side of tub,-sl,cct,the tube holes shal1
be belled with 1/2 inch radius to a cfiamter of 3/4 inch.

3.2.11.3.1 Ilc.nice1,.lsepitch shall be estal,lishcd by tahinq t)!..“m of the foll“winq
values:

(al Minimum liq.mmt.
(b) Uaximun’allowable !i.alediam@tcr (s..s4.1.2.1.1 and 4.1.2.1.3).
(c) Xa.imum drill runout mmltipliocl by two.
(d) Maxixnm hole location error multiplied by two.
(e) An error factor.

A brcakdow” of these mmbers “pm which dcsi~” t.!m pitch is I,ascdshall be shown 0. the
tube sheet drawi”q. For s“bnmrino .ondcmsers this c?.lc.latio”of dv?.iqn tdm pitch shell
be S“brnitted to the drawing rovicv agn”cy for approval with the fatigue Calc”l.ations for tho
tube sl,ect.

3.2.13.3.2 Holes for tubes i“ douhlc kh. sheets shal1 bc so machined that each hole
in the outer tube sheet regi. t.rs accurately with the Corrcspom!ing hole in the imer tube sheet
This alincme”t shall be exami”cd by the method described i“ 4.1.2.1.2.

3.2.L3.4 FOr submarine co”dc”sers, the structure composed of outer and inn.. tubn shc.?t
togethar with the short sections of tubes bctwee” paired i“”er and outer sh..ts shal1 be
designed to withstand the specif icd design pressure i. coti,in.atio. With the specified piping
loads with ful1 consicfcratim beinq qivcn to the.cyclic nat”rc of .thc Pressure loadinq and
sea water and steam side tcmpcratwos. Desiq. shall be based o. 20,000 CYCICS en full desire
submerqtmcc a“d .9Ssociatcd tcn,pcrat.re variations and other tra”sicnts .s spccif icd (see 6.1).
An analysis of f.tiq”c Immiinq o. a c.mul.ativcd.wna.v! 1,.miiszl,al1 bc submitted to the drawiriq
review aqcncy. Tube sheet structutw s!,.al1 he capablo of ,:itl,standing200 cycles c.achof th.
5pecifi.d hydrostatic test prcs..rc wl,cn applied i. tl,cw.tcrl,ox m l,ctw..m the d!md,lat@c
sheets (see 4.2.1.5 a“d 4.2.1.6).

3.2.13 .4.1 The dcmblc tub. sheet design for SUbmari.c application shall bc in accord-
.mce with one of the followiq:

(al

. . . .

{Ill

thl t.(f a“d q.askctmf. outer tub.zsheet sbal1 ]m scc.r.d to the inn.. tube
~ or spacer I.ICCC (if f.r”ishcd] by means of thr.aded fasten.rs which

--- .—— —

shall b. of s.fficicnt size and n.mlmr to mai.ntai. t.iqhtnessof the ‘C-ri”a-
qasketcd joint wI,.. th. .pcci fied dcsiq. press.rc [SCC 3.2.13.4) is applied
to the space betwcm do”blc tube .dlcct.wi Cho.t dclxmdcncc .. th. Watcrbox
flanclcholtim{. “C-ri.,1”q.~k~t sII~l1 ),c.,v,laccal,lewitho.t ncccssity for
ret”binq tlm co.denser. The sp.ccr !,ioce (if furnished) shal1 l,ewelded
(full pcmtratio” weld) to the inn.. L.l,oslxct, and this weld my 1= inspected
on the root P. SSC. , the back-chi P!>cd sidm of ti,c ini ti al root weld, and the
surf... P.%SCS, to the rcquirmrcnts O( !llL-!7.1ti27Nin lie. of ra<lioqraphic
inspection, if so elect.d. If matcri.ls in.olv,xf.mrcnot cm.nvtic, liquid
Pe?c:rant in.pcction of tho ronr passes, the hach-chiprml sid,:of th.
lnitl..l root weld, a“d Ll,,,,.”rf..cw ,,..:.s.s, to the req.ircncnL of HIL-sTD-270
may bc s.bstit,,tc,lror rmlic.qra!,hicins!,oc.io.. ,1,!,.structural .+dcquacyof .
this Wt.]dcd joi”i 511,111h j“ntifi..tll,?.,n:,lysi..

liYa* *i_lT;tio. “!,.t.tmld.:d jmint Mid, XIIII1mi”.ai” d,. tid,t”cr.s
C“nlril.t.l .Cl,l,.,1 (mtcr tub. r.,,cct.,:1,0111.,, .:oct,rml t.ot-h.i“rmr i.bc.Sl,,.et

of tl,,..I:::;,.r,l,l.;Wqta.ztt!IC.z:,%s..i!-iLxl.1<:::!0,,,~.rt.::S,IrC (::,:,.3.2.11.41 is ;sp!.1ic4
h“ L!:.S,!.,.,.1,.,:,,.,,.:,L,,!:,I!l-,.ts 1.’1tl:o”L ,.l!.,!(>,,l<.,l..r. -1,,.!,,t..rl,o.flanq.
l,olti”,l. !.0.j,rm’i.iina, n ::out:L.4 w:]d r,,,,t..o”(litio”. ..1,.,,s.nf c“n,,”.,ablc

1<
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insert or alternate means {which must be proven satisfactory to the drawinq
review agency; is required. It shall be demonstrated by means of a full
scale mock-uv that nn de?rim.ental distortion of tube sheets occur. during the ●)

Wmlding Proctn*. Weld nhall he in accordance with .s1.ssA-F of MIL-STD-?7B
.xc.t.tthat ❑c..net.ic c.articleinnnection shall he substituted for r.adio-
qr;ohic inmwc;;on: i; addition to the macneti? pnrticle inspection coverage
,Q@ s=! for cL.** A-F vemnel weld. a tmgmtic particle inspection to Ch=
mm mtantfardmshall be carried out on ●ach pass of the weld. If mat.erie.ls
invnlved are not magn..ttc. liquid Penetrant inspection of each weld pass in
accordance with MIL-S’W-?7R shall be S,,bstituted fnr ma~n,tic particle i“-
sper.ion.

ICI ~=~.1Ue=l-f$d Cwter t.te oheet shall be secured to the inner tube sheet or
Spacnr rlece (if furnished! by m-an. of threaded fae.te”.?rswhich shall be of
SU<firient s<,, and nutier ,.0mz.intai” ti?ht”ess of the welde~ n.?.] joi..
whqr-the rpe?ified d.sigr,pressure (Be.?3.2.11.4) ia a~plieti to the n~Ac-
b+tw,cn 4Puhle tub” she.tE wi tnout dep.~de”ce on the Waterhnx flmqe hnlt.-
inq. A membrane seal welu shall be use< to seal the joi.t between the outer
tttiesheet and ln”er ruhe sl,.,=tor npacer pl.ce (if *ur”isheti! The Be.]
weld merrb-ane shal1 -et the r.=q.ir-ms”rs of. 3.2.13.2.4. ‘Thespacer piece
fif fur”tahed) shall be weld.,, 1<.11 P?nerrat inn W*Id) co the inner tube
sher.t, arc!this weld may bm in.~ected 0“ the root passes , the back-chipped
Sld. of the ini?. ial roo.. weld, and the n.rface pc.snes, to Lhe requirements
Of NIL-STLI-278 i. lieu of radloqragzhl.l“sp.?.ti”n, if 30 elected. If
mater~..lsi“vc.lv% arr not maq,,etic, liquid pee? rant ir,.sperttonof the
.0”! passes, to the r.quiremr”ts of MIL-5’rU-278 may be.s,,bstit,,ter:for
radiographic inspeccic.-t.The ntruct,lra,adequacy of this weld?d joint shall
be justified by a“al!?sis.

(u! Other Ws!.ns. O?.herdesigns way be erplmy?d if smecif,,:a!lyap!,roved by the
drawinq .eview .q-ncy.

lmt$qc. shall penntt examination of .11 tube-ro-tub,!sheet.joint..for lcAI.!I? at the outer
tub+ SI,?et riIIrLnq byt,rostc.ti. t..r.t,”,,“f th. void spare b.twec. Chr tub,.S!IC..-LS.

1.2,11,5 Tub. sheets of condt-nscrs for surface sl,lrs l.-xc’,!ptfor L’-:.r”d tom condm.aers
w!th renmvat,lebundles 18ee 3.2.9.2)) shall be welded to the condenser .nhellor to a. extended
neck or collar section of the 8!I.11. ,Tube sheets shall L. Suffictenlly larqtirthan the.shell
att.clmwnt to act as flan.es to which th. waLerbOXeS .1,.11be bolted. Stu(!sshall he used
to attach th. wat. rboxe’ O“l Y where i! ,s ,mnracticable to .s.-throuql bolts. when u-bend
tube renm.ablv bunule m“xtr.ctiorl is “til,*I.u, the L“bc sheet s!,411 L,CS~CU,c!,!t“ the f la”qe
of t“. Shell by throw” k)ts or .t”,, s w“, cI! s,,.]] ext.”. Lhrouqh t!,.waterbux flanac Like -
w1.. , in U-b?. d tube re.-vahlt. b“nd]r eo”str>ct. on , studs shall 1,. used only wnere it t.
,Wracticable to .s. tl,ruuah bolts. lms,qr,s.1,.11be .uc,, that a pi)s, c,vvlv ,,,, ”, ,G,. L
ktween tie Lube .n. et anti #h.hl flx!t,7..IS w:.tr,..alvv.: at al! tipr.s....! t.h.+t.!,,s ,0,”! will
not LUIbrokvn when the w.?vrlm,: is r“fl/,./rG.Acc!vd,,,qiy, ,“ U-b,,nd I.;,..rc.mov.bl<.fJun J1<,
construct,”. when tl,rouuh bolts are us,,,, a, 1=.s. Qvcry F.L-co.d bolt .wK,u:. h. B cntlar 01.]c.
1011,, inrlugi.q ..011.7bolt,, anal! b. r.,”!,’da!,lc v,Cl,”.,t .r..k”v,ni,,Il.<Wa t.,!,,>.. c-al1.,
fmft, ,Xli,)1 ham. a SCf”r.rr ,X:c,s,”, bcyu?d t,,.thr,ad’+0,,““e ,“!1 f“, ,!s.with.a wre”ci, co
.Jr.v,nt t“r”,ng or Lt,.bolt w,.,:,,,,,““t. .,,,:t19,,tti”euor rero. vti.As a. alternative c?
-11.1 tilts. the ,1*om( COntin.ou% threauc. s!u,lboils wtth the tub,.sh,?ctthreadc(!,S
w:rmicteti.tries.shal1 hkve the s.t.ar.v.<.na,on 0“ .2-wend.

3.2.13.5.1 I!T1.,,nec.ss.!ryto ;.s,,.,,.,,.cl,”*.,.t, to tl,e tub,.S,,.,.CS, ,I”,J,a,,c...,f,,,
from the wdcerbex n, .tca* S,,.CCshs!] L,.,,,.,,. at,< :,”*;..shall not ~xtend 0, “,...,.,.,.,
through tlw tube sneet unless t!,.hole ,s b)a.lcd b’< a br. red or ti. .d,.d c}os,!r,:. ?,!,,!!O1,s
which poo.tra-.e tcLrn.ghthe t.b...h,.et sF,.11 t,,.hydrx, a,i,.ally ..a,t,.,,I,t.fo,c ,1,,.t.,,,.s!,,,,
18 tulx:d.P w.ecilie.!in 4.?.t.?.

1.7.,3.5.2 1“”!.,tub? SheCL. Of s,,l,m.ai,m. CO”U,>%?,, a!.atl1,<.“...l,ad.dt,,L1,c,she.;!
sicept for l,-,,e”. tubv Ml t. -itk r.n.ov,l,]o.b,J.iIlles 1.”01 t“l.-sh.,.,t5 S,, ,I.]be ,!’f.’,/,,..7,1y -
larrterct..” 1X-.shell .“,1.ttac])mrnt to ... ,.sf].,..w.s to witicb t?,.W.ltort,..ess,,.11 ,,,.
bolted.

3.2.11.5.1 Fox .311 water,,.> .-ml t“:. 5,,.,,..bolt,.., ‘.,.,,,:.,,.,,,..and ;,,, !..,....!,,“”.
d,. ”..., U,* fl,llow,.q reo,,ire... ”ts sh. l! .II,OIV:

●❊✌
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d
(cl For .uhM. Ci.eS, bolting design incl.di.9 stipulated prestr.?ssvalu.b #hall

be established .9sprovided by SDB-6 3 hereinafter, and sunporLj.9 calculateOnS

1

. ..- .

(e)

3.2.11.6

shall be f“r”ished”.
Bolting design shall allow margin between the ❑i”imum and Wximur aec.ptnble
prestress values. The ❑argin shall.be s.ffici.?ntto uvarantee that an
actual bolt stress which is 1/3 above the stipulated value is not greater
than fhe upper prestrezs limit, and that an actual bolt prestress which is
1/3 below the stipulated valt,ein “ot 1.. s than the lower prestre.s limit.
Calc.latio”s supparti”q the upper and lower pre..treBm 1imits sh.11 be
furnished for s.bmari”e condensers .

For sub!nari”es,stu~s used i. aea water boundary application Sh.11 not be
physically reversible .nlem= fm-cr.io.ally revermik,le.

Tub. nupporti”g plates shmll be so spaced that the unsupported tub. length
between tube sheets and”support plates or between s“p?ort platen wi 11 not exceed ]-feet.
SWPortin9 PlateS l.on-remo.,ablebundles] shall .be welded ?0 the she]1 or silpportedby angle
clips welded to the shell and welded or bolted to the plates. MO1.S i“ the tt?he supporting
plates shall be arranged so that tubes do not chafe and so that a ndnimum of tube vibration
Occ“r. Tube supporting plates shal1 be at least 9./16inch thick and the tub. holes II.the
Supwrti”g plates shall be 41/64 inch i? dia~ter with botb edges of heles rounde+ off to a
radiun of approximately 1/16 inch or chamfered using 1/16 inch - 45 degree chamfer

3.2.14 2t~.

3.2.14.1 When tubes are packed at one end [“on-nuclear aurfc.ceship application] the
tube mheetm shall be iitayedwith longitudinal thro”?h stays as “ecesmary. The stays shall
be nched”le 80 steel pipe with provisions for thre.adi”qa tap bolt or stud into eazh end.

3.2.14.1.1 Tap bolfs shall be threaded into each end of the stay and backed out until
fhe headn bear on the inner a.rfaces of the tube sheets and shal1 be welded thereto.

3.2.14.1.2 As a“ alternative, tube eheets shall be drilled through to PreviCe
passage for c.t”dsto be threaded into the ends of the long.tudi”al through .c.?Y. Acorn .uLa
shall be threaded on the ends of the mt”ds protrucii”g from the exterior of the tube sheets,
shall be draw” up s“u.q,bee.ringon the exterior faces of the tube sheets , and .eal w.lded
thereto. Tap bolts and studs shall be of materials .spccif,e.d for item (e] of table 11.
Acorn nuts shall be of copper-nickel material of the sam? composition as the tube sheet, or
of nickel-copper alloy.

3.2.14.2 Stays shall not be fitted in the waterboxe. except a% necessary to supprt
the flat surfaces of circulating water inlet and outlet nozzles; they .11.11be welded to
tho walls of the “OZZ1=.3

3.3.14.3 In condensers havinq the 8he11 extended for forminq the main ●xhaust confec-
tion, sufficient st.ayashall be provided for the flat n“rfaces iim?olvcd. These steam-side
stays shall be attached by weldi”q at the end c.”dat points where they pas. through a“y plate
Otiffe”ers to promote rigidity of the structure.

3.1.15 ~at?.:l?cye.a.

3.2.15.1 Waterboxee shall be so pr.a~rti.a”ed as to provide a“fficient area at .1]
pc.inta for easy flow of the circ”l.ati”qwater, a“d for uniform distribution of water to all
tubes in each pass.

3.2.15.1.1 Waterboxes of condensers for Subm?.ri”es shal1 be of hemispherical or
semi-en ipa.aidal for”, except the semi-ellipsoidal form snail not be “Sealfor these water-
boxeu if tbe circ”lati”g water nozzle ope”in?s or manhole or hn.dhole one”inqs and their
reinf.arcerre”tnfall wholly or in part .a”tside the central area of the WaterLox based on 40
Percent of the Waterbox diameter. 0penin9s. in the Sh;ll of the Waterboxes for submarine
condensers shall be radial and the circulatlnl water Inlet and discharge nnzzles shall be
Btraight cmd as short as is pos~ible for the use of through bolts i“ the flanges. P*rma. enr.
marking o“ co”denaer waterb.axes, except for flanges . is prohibited

3.2.15.2 Except i“ the can” of crmde”sers for submarines. war.erboxes my be Stiff=ned
with ribe as “ece#sary. Stre”qthe”inq ribs,mhalkbe P1.cP,!on the O“tatd.: . . .. . . ..

3.2.15.3 In two or m.ltipnsn condenses, the joint b.tween the partition ●dge a“d the
face of the tube nheet shall be provided with a gasket, 0 - the same material es the g.sk-t
for the waterbox-tube sheet fl?.”ge joinr or, in accord.”.. with type 1 of M11,-G-?I61O.

17
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3.2.15.4 Wat=rfmxas .,fcondr!mere for surface ●hipa nhall b.+wecured to the tub? ●
tiwts by through bdta ●#*mQding th-.w.lhthe +,lhe#h*=+ or by studs (8- 3.2.13.51. I.
U-Wnd tub rwrnvahIe bundl. c-anatrvc,10Q th. W#t.rbox ●hall be Secur*d to the tube sheet by
.hrouqh bolts 9xtandI.q sbrouti thm tub ●hemt ●d f)ange nf tha ●hell or by ●t,tda (*e*

)

3.2.11.5).

3.2.1S.4.1 Wate.bnxrm of cond.?.sorm for ●ubmasinen n-Y have either Infernal or
Qxtarnal flann*n fer att.icfter.t t..the tub- 8h*e?8. Studn ohall be UsPd in internal fl.mqem.
Strdm ●hall prnjmet fhrouqh holem in the outer and inn?. tube ●Ieets with ntltncm the
inner tube #h*rt ●ide external to tb~ ●?ell This Conmtr.cti-q Bhall be used o.lY if wide
PI”8 longer rban the 8t.ds are provided t. facilitate installation of the waterb. x and to
PreWnt ,iema.?eto the Lhrcads on the ends O( the Btuds. Such guide pins shall project inta
holem in the tube shreta which hav~:lens d,a!fctralCleara”c? than thtiholes provideti fnr the
mtudn. l..alculatio”.dt.nanatralinq t?. ad.t,.acy of the quide Pins shall be Subrit:e,l Cm the
nrdwinq ,evici ao-n.-y for .woroval R11ow.L,. stress ,),.11n“! ellc?ed 90 Percent of the
Yi-ld ●trenqtn of th~ guide”~zn””mnt.?r,al .

,,. .“---- ---- --, -’. -.
‘1.2.15.4.1.1 In th- UCSI.W of b’eLvrLmxws for s.im.arlnes. full ccmssderation sh.11 be

nlven to thv cyc]!c nature of tn~ prrssurv SW. watpr tcn.uerature,ana extern,l force
Ioadinu. Ucsi!m shall b. based o. 2U0 rvclcs t!!the hydrostatic Dr@sure soecified (Bee 6.1 .1),
20,000’cyclen io 1.11 dt.siqnsul,t.wrqcncc:anu associat~d temp,:rat~rcvariations and other
transients .8 ●pc.cifbed (at-e6.1.1) . A. analysis of fatiquv Ioadi”q on a cufmlative damage
I>asis.Pall be submitted to th. Urawiny r.view .’3. ”cY for approval

3.1.1S.4.1 .1 1. t#tede8iqn of Stu,n,arlnecondenser wat.:rboxcs, tht 10..s exerLed bY
Clrc.lating water inl?t .“IJui. ch. rry pipimj r.nailbe calculated from 1-480 0[ Su&61.

3.2.15.4.1.? condensers with stlaiqh L tubes aeslqncu for Submari”c service shall ha..
.“ even numbr -f pbssws, so that 1),.circulate.q water inl.t a“tfoutlet co”necticms will be
at the .anw t.#,d #“d tt!.stress.?sin the Oioi”q will , th.refer<.,“ot affect r.heexpansion or
contraction M m,. ...13.sor shell .

3.2.15.4.1.4 uesiqn -f bolted closures ah.)] be such that pie.., threeded into
Waterbo. flanges d“ no! require mm.mal eat+ ti~ the closure is opened.

3.2.12.4.1.5 wh.?rcst”tidedpads arc enmlnyed for arz.sssOp.”i”as o.?Sdnnarims cOn-
CfHaer Wat.rboxes, .7Uidepin. mal 1 I-2proviued to prevent,.iamaqe to the thread. c.. the
studs. calculations rfenonstratirg the adequacy of the m.!de pins shall he submitted to the
drawing ro,.iew aqf.ncy fcr approval . AI1owA1c stress shall not exceed 90 per.erjtof thm
YieltiOtr.nltflof the nuide pin met,:rial

3.2.15.4.1 Desiqn of types 1, 11, and 111 condenser Waterbox.?swoiqhi”. mere than
300 po.rds nhal1 provide for r.?adyinterior accq=.ihility to permit oluqqi”q tubes. cnulkinq
or rcp]arjnq tu),epack ir.q, or rv-e.??andinq tke tube ends Without removal of the wr,terb.axes
The rclat!on of the co.tot!r“f the waterbax at the Feri.l!c?ry to the position of the outer-
most t,,b.: ir LI>Ptcbc ],.pdle and ChtiZ*,]ati?. of the nrwitions of tl,e tubes inm.diately
ad?,..”..to tl,c.waterl,”x p:titio,n, above.and bc.low, Shal1 be 3uch that these :.,,kesmay be
plumq.d, usir+qtube p]ucf~ i“ ,iccordanceWitt f41L-P-15742 (Sinqle tube sheets] , or the method
ape:ificd i..1.9.2 (double tube shvts]. or can bc reparkeu or re-expanded with the tools
furnished without removal of the waterboxes

3.2.15.4.2.1 In order that c>lh..in types I, 11 a“d 111 ccmlensers can b?
“probaloqge:]”wicb waterhexes in ,:1..., the d-sign sne, ll provide a minimuu. CI.. ra”ce of
7- 1/2 inches between the inside surf... of the WaLerl.ox heed and the outer tube sheet face
measured pcrn.?ndicul.arco the tube sheet on tte axis of the o.terwse tu%e(sl in the cube
bundle. This clearance shal1 b. prnvi,led in both waterl>oxes This d-es “Ot aptly for
watert,oxe~ weighing less than 300 .ounds,--LL. --,,...,,,.,,, ..,-... .... ...

3.?.15.5 Wat-rbnxes of l.rqe condenw?rs shall have manholes providing access to all
tt,heends and zincs !whe” fitted] . Ma”holes may be circular, oval, or recc.”qu1a.. Pre-
ferrea mi. im.v dim. nsio”s are lC i.cn. s diaw. ter or 12 by 16 inches. 1f for any reason
C-annectv?with mant!fact.rerss design -r ~hipb.i]der,s adjacent str”ct,ure, the preferred mini-
mum dimens, &. prove t.? he impr.acticable, SM.11]er dime,sio.s wi 11 b. acceptable, providd
the manufacturer ck?ronscrates to ch? satisfaction 0[ the COg.i,ant DCAS or supervisor of
sl,ipbulldinq by ,Iseof a fu]1 scale rrcack-un.that a“ avera?e sized man ..” successfully pl.q
and tub. end or renew any ,1”, by acces* through s,,ch smaller manhole,.

II
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b 3.2. 15.5.1 Waterboxes of small condensers (type 1. II n.d 1111 shall qCnerallY’ have
sufficient handholes for accens to all tube ends and zincs (when fitted) . r“ c.omccases,
it may proved necessary also to utilize the inlet a~.iOutlet circulating water op+ninq, for
accem to tubes rx zincs. This shall Lw acceptable, provided tha? the necessity there<or
i- noted on the outline drawing so that it will alert the Shil.builder *.othe necesmity of
providinq a short re.mvablo sectinn in the adjacent c-annectinqpipinq.

3.2.15 .5.2 Except for type IV condenser.. it #ball not be nekessary to rernve a
waterbox weiqhing more fhan 300 pounds in order to gain access to any tube ●nd in order to
plug, r=-mxpand, or repack a tube. Except for type IV co”densern, it 8hail rmt be necessary
t? remove a waterbex to examine or renew the macrifi!i!l m?des Wh.. fitted] .

3.2. 15.5.3 Singlep.asacondensers for surface ships mhall be provided with an observa-
tion handhole on each waterbox, located above the topmost tub=. , where it can be used for
observation in locating a .ttie leak. Such locatid” will be accomplished by e.polyinqair
premaur’eto the nteam apace of the condenser and qrad”ally fillinq the Wc.t.erboxesand tubes
with ●a water. so fhat as a Leaking tube is filied and covered, air hubbies wi 11 appear at
the tube ends. Air venti”q man{foid required in 3.2.1S.8 may be ❑ade removable and the
opening in the waterbox used as the observation handhole on top of the inlet waterbox.

3.2.15.6 Circulating water inlet and outlet nozzles #hall be inteqral with the wat. r-
boxen, and the inlet nozzles shall be as neariy normal to the tube sheet as practicable
for each inntalle.tie” [except i“ the case of a .ulmmarinecondenser (se. 3.2.15.1.1)1 Sharp
corners or edqes in the fiou of circulating water through the boxes shall be eliminated to
provide a mm.ath 8tmamlined fl.m and zinc plates (when fitted) , stays, and internal !it-
tinqs shall be arranq.d so that a minimum of incerf. rence with water flow and minimum t.rh.-
Ie”ce results. Entrance mazzle may be of a div.=rqinq tyP= (7-1/Z deqree ~xim~ taP@rl .
In order to absorb hiqh entrance velocities which m.Y Prod.c. erOSiO~ Of t~e =nda bY imOinqe-
ment effect, the inlet waterbox depth, tr.eamurednormal to the tube sheet. ●hal 1’ be not le. s
than one-ha] f the mean tube sheet diamter, except th.t thin depth need not exceed 45 inches
Par tnultipass condemners the rerantub” sheet diameter shall be computed from the area of the
tube sheet exponed to water flow from the inlet sectinn of the head. For th- return we.t.er-
boxes of twopasm fmnd.nserm, the interfmas watcrbox -Wartmc.t - Of m.iti P. S- ~.d=... r.
a“d for outlet wat.rb.axem, the head depth shall be not lesm then two-thirdm of the ++pth
required for the inlet waterbox.

4
3.2.15.7 For surfac= ship co”demera wifh m-oop injection of circulating water, both

inlet nozzles (fhe SCOOP and the circulating wat=r pwap conneztionsl shail b.-deaiq~ed to

o

support the -iqht of the unsupported .=1rculatinq water ayat-m cumnenta lplpinq and valve-).
the water contained therein. and loadm due to hydrauiic ●ffectw. Th@ SiS* and wei9ht O* the
unsupported sea water system rnmpnnentm mh.11 be as specified (see 6 .J.1I. For donble tube
sheet rnnd.nsers, v=rification of the adeq,,acqof the wat.rbo. in this reg.rd -hall be ●ti- .
❑ittecito th= drawi”a review We. cv for .C.c.roval. ffmti..m al inwbbi. for-s and mounts

b

b

I

h.

for both Inlet nOzzl& Shc.1i b; sh&n n“ tie ec..!denee.outline dre.wi.q.

3.2.15.0 Drovisi_n sh.11 bc mad.- for the ventinq and remnval of entrained air fmm the
inlet waterbox mmfmrtw”t and from t.hore.versl”q wa*.I.rbOs. An aiy venti.q vani fnld ●xtond-
ing cross th? e“rire top of the inlet wat+rhow of 91.?”-P.lnmm*den*@rs ff.r s.rg.ee shims
shall be provided. A w.* ronroction 0- tnn of the discharqe wa+..rbnx .hal 1 he nrovi.+.d.

3.2.15..2 Waterbmma nf .Ilrfaeeship co.d%ns. rm mhall be .rovi de.! wi th bes. rs for con-
necting q.qe- and th.rt80me*er*. Four bc.sao,shall be provided on the Pal- ..andensn-Ovnr-
board Waterht-ano?.zlea.-radjacent Dipinq of ●,,rfaccship. for in.talla.iom of th.rw-am?term
during tents. Baases shall bc locatcu *round tlw.,prrim!.ccrDO that a. .Vrra.w trmp?r-.,,re
of the circ.latinq water discheroe cam b= 01,tained.

1.2.15.10 n~.tc.r+o,: ~.nectio. ~,.

3.7.15.10.1 F1.”qos for o~. inqn on wa~.-rboxes fnr *.rfacc mhilm .1,.*11 bc i. act-oral-’
a“ce w,th the aprlicab)e sch.d. lc of lflL-STU-777 i.”roqmrd 10 diarot. r. mtn, nnxt Lhicin.. .
fi”i.h, and drillinq. F1..WCS of miz.s greatwr than 11,0s..cov..m-d by MlL-2TU-7J7 ?.h.al1 1!,.
❑ubject to approval by tl,odr.,w,n.lr.-vi,:w●g...cy.

. .

3.2.i5.10.7 Nequ,rmcnt. for opcntn7s 0. w.terlmx..a for aubmacinca snal I..i.,.as q...,-
lied [.cq.b~l .1). k%.. fI.”CICN1o!,,.”inus are ●pcci fi..d, ‘u-rLnq. .a.ket* nl,?l1 1...,-u b6-
twe. n f lanqes. th. .!roc.v.” fnr the .O-rin’J- bc.inq fur”isue, t.,tht.com.nanto.. flan.,cn. th,.
shipbuilder,a pipinq. .. . .. . .

..”3 .2,,~..,o.3’ “studs aml ..1- shfillb.-iurnl. hcd an., instal 1.,1 by thr conkcr m.mufac -
t“rer in .11 pad ty!~ flanq.?s.

.-
1.

I

“1●,.
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3.2.15.11 F-r submarine waterboxes, v?nt, nnd d.min .scrmectio”s nhall b- nude via
waterhoa flanqe or tube sheet. in order tn avoid penetrating the waterbox shell .

. .

$
3.2 1S.12 For surface ●hip .onde-mere, when the use of steel flanges is el.?ct.=d,a

construction nhall be used which wi 11 insure that the steel cannot come in contnct with
●ea water. This shall be accomplished by lining the steel flange to a depth nf “c.tless
than 3/16 inch thick with nickel-copp-r alloy or 7!2-30copper-nickel alloy in accordance
with MIL-L-?2200/4 or type f41L-CN-67 of M1l.-E-21562, or nickel-copper alloy in accordance
with MIL-9141nof MIL-x-2220?{3 or types MII.-P.N60or HIL-5X60 of MI L-E-21562. 0. the faCe of
tn. 11...- this prntectinl shall extend frnn,the bore to at 1.?a5tthe inner edge of the
bolt holes. The 1/16 inch Chicknese of the protecting alloy is a required minimum after
final CIarhininqof the fla”qe. Tnlay L!,ickness shall be verified after depositing (allowance
for Irachi”ingmust be prcvided) and after final machining!of the flange verification of
thickness shall be an innp.ction check-off item.

3~i.i5.i2Ji ‘i,en”ih;”isc-of it”e~l;lip”-~nii~”.+s “i;-elJctLd i;.e ‘3.2.”i14)‘for’s’;~fa~;
nhl~ cnneenacr waterboxes the attachment of these flinqes shall be in accorda”c. with M1l.-
STIJ-22weld joint design P-16. ‘u” values for pipe sizes over 16 inch diameter shall be
nub]ect to approval by the drawing r.?viewa!tency.

3.2.1S.13 Waterboxes fabricated of nickel-co?ncr .1toy shall have the inside S.rf. C..
carefully coated with ●older (twn parts lead, a“d part tin) to a thickness of not le.. than
1/64 inch and not mor. the..1/16 inch. Excmlnation of solder applicatifm shall be in accord-
ance with 4.5.B.

1.2,lS.14 For submarine wa?erboxo.. .. analysis of bolting e.dequazyfor sea water side
closures .md Co”ne?t ions shal1 b!?.uhmitted to the drawinq review aqenry for approval

3.2.15.15 Comfenn..rwatvrbo~.s ,n.dw.t.:hox acce,s covers shall be provided with liftimg
r~d. Or eY~* nr other lifti.q d=vtc.. 10 P*rn~L safe and effici.nt removal and manipulation.

3.2.16 Tube. and p.ackimf.

1.2.1f. .l U.I..S O,herwiae sp.?cifietiin the ease of con.i.m+ers for none S.bmari”.s
IF.* 6.1.1), Cnmf.-nmr ,..besshall be scm!].sa drmi. , 5/8 inch lo.d.] with a wall thick”e.s
of 0.049 inch l., urber )9 LUJG1. U“less O?h.?rwiae specified fs.?e3.6.2.2) tubes shall be
S1raXqht.

3.2.16.? %at.r inlets ●nas of +,.!m.shall be ex?a.ded and belled to suit holes ip tube
shertm as .p.cifi.?u !. 1.2.13.1, the. fact.d off flush WILIIthe surface of the tube sheet.
W.mr c,.,t-t .nd. Of tcoac.*h&l 1 b+ ex.f.an$m%ior pa.k.ctiaccor,ii”q to desig. O“tlek ends of
tubes may prnj. ct “o! me,. than 1/11. ,..1, beyond l.c. of t.l,c .I,.?els, b“t in ?0 c... ah.]]
*h. trd of *hc tub.. k- Wltl!it.tl,,.s,,rf;,,:,.01 the tube SHe,-t, 1“ order that the ,,,he❑etal
shall no- be overwnrbel, tub.. 8ha1f be t.xpamf.d by m,.ans .1 c..a.t.ari.tic tube expander
-cmt..al. F-r each c.mdcnst..vesiq. f.,r o.-l.?arorop-1 1...1ships the tube expander ..+
-“ntrol Wtho, l .Q,,ll l,..ub)eet t“ I,rcr,d.,ro c.”Prova] 1,.. 4.2.41 F“, ““”-””clear PrOP-1 led
.h, r. , ,UIX. .,... s,”. may ., , I,. , h. ,,cc-,n,,. 1 ishcd by a procedur. which has hcen approved for
,.il”cf,w..,matl-,,al 0.1 ;O,., .Cmf, r,u,., ,i”. 1. ace”,, !.nc,. wit, 4.? .4,
,.” !,s, of .x,.. rl,,. -

“, by a Proc@u, e based
in .-co,uar-..w,tl, .X! I.- L- I58O9.

1.2.1, .>.1 For sin91. t!,,!. s!!, -! c.nstr.c. ion, the ..; ,.ndcr shall be adjuste,lS. thal
lh- d.pth “f .,,,.,,,s!0-d“,. “., ,xt,,n,,ft,rLh-r ,,)...W,-hi. 1/8 $nch O, the in.er fa,-eof the
,.If,,.,,,.., ,. -Xpanl,in,!th!.!,,hcrI,,,j,,ti,l- t,,k. ShP..L=,
n. ab.ul,t cha.m? .. e=I”*c.1,,01 !h~ ,m,,,,,.

care SIII1lb. tak-n ‘hat the.. i=
till,<....1i ...s...!W..th,.tui.e .“c+exp..,i,mn, r..

P..sln? of the tulw.-1,..,8,.an,tt-r..1..,o,...tI,,.]..~!,.,],t.,r,.1/8 i“cl,ipside thn o,,L..
face.and s!..)]no, .,,..,.l,ry,,,,d .. :.1..,,,,,., ,.,-!,1...,,,,..:h,..-l,..,.r f.d+t?-c.f‘tliI.*,iti.<Iii.t
H,n,n”m 11.”.th “f ,“},4...,,..”,,””

....
,!!,,.,,,.,>,.,.J w., , ,Cd,.c,,,J”,

b- !./8,“,71,, ,,.:,,..,,.,,,dr., (w,,1,,n ,!,,,,”,
,. Lt.<:,,,.”,tube ,hve, -hall

Ilr,t.) .1,.1I ).,.,.,,.,1,!I..,J IW.,,,l-tn-m.tal as a
m,. ,mu,,.

?4

-...

$,

Downloaded from http://www.everyspec.com



.

I

I

I

. ..

I

I

I;ii. -c-1: <3a: :S;irw;

1.2. 16. S Uuexe blind nippl=tiare L.IUS;ir,L>,.d+siy,.&b SL.J. l,ULWe.SIIinn*r and outer
tube sheets, they shaii be made from a mingle piece of bar stock of the same composition .8
the outer tube sheet. &fore 2he unit is placed in service, the open ●nds of th=se nipples
shall be plugqed with tapered phenolic plugs in accordance with MIL-P-15742. Each nipple
shail pass the Cest .specifiad in 4.5.5.

3.2.17 Q&t$&sI~.

3.2.11.1 Drain connections for steam and salt water sides shall be provided. llain
c.andetm.r inlet waterboxem on single .sha.ft,surface #hips mhall be provided with a minimum
2-1/2 inch iron-pipe siie drain con”ectio” to which MAY be fitted m tee cepable of accepting
a standard fire main jumper hose ccmpling. Fictinq’.qto be attached to this drili”Ca.nectio.
(which wiil Frmit emerqency utilization of fire main water suppiy) shall be provide~ by the
shipbuilder.

3.2.17.2 O“e or more protected liquid level gages conformi”q to type X of MIL-1-70017,
with nho=k-resistant features, shall be provided for the condensate Wil 1 and lower Part nf .
the shell of types 1, II and 111 mnde.sers , to-indicate acctirately the existi~g condensate
ievel in the condenser. Liquid levei gages shall be located for optimum visibility by oper-
ators.

3.2.i7.2.1 Liquid level qage and hotwell level control tap F-a’aitionsshall be located
and designed with consideration give” to the velocity and pressure effects present i“ the
condenser, to permit accurate read-out and control of hotweil level d“rinq ail phases of
condec.aerOperation, including stem dumping.

3.2.17.2.2 When a make-up feed connection im required o. condcmsers for submnri”es,
it shall be so deniqned a“d located .9sto permit maximum deaeratio” of the make-u. CeC&
before it enters the condensate well. This does not nullify the intent of 3.2.17.3.6.

3.2.17.3 1“ addition to the .wmectimm specified in 3.2.17.1 and 3.2.17.2, the following
Con”ectiom shall be fitted as required (see 6.1.1) :

(a)
(b)
(c)

(d)
(e)
(f)
(!31
(h]
(i]
(j)
(k)
(11
(m)

Auxilia~ exhaust steam (see 3.2.17.3.1)
Air ejector suction.
Pirst effeet evaporator coil drains for each i+uxiljary and one main cnnde”ser
in each =“gi”e room.

Fresh water drain collecting tank discharge .
Drain from i~tercondenser of air ejector.
Condensate recircu]atinq.
Condensate pump vent .
Steam dump comkction (see 3.2.17 .3.1 and 6.1.1).
Drai”B and vents for spaces between double tube sheets.
Rak.-.c.fee.+
Hntwel1 level Czmtrol con”ectio. s as r.?quired.
T“rbipc drains as r!-q”ired.
Other confections ,ss“required by the shipbuilder.

3.2.17.3.1 It shall be the responsibility of the vendor t- i-sure that a,bxiliary
,tiau*t~/ ard d,mp tIteaIn2/are introduced into the cnnd.riseri. such .3manner that CC.tdnnser
tubes , 8he11 and internals wi11 not be da~qed by high veloci~y mteam or a“y nnisture picked
up cmd carried by the steam flow. Accomplishment of this hall be by means of the pressure./
velocity reducing c.anfirf”ratio”sdescribed in 3.2.17.3.1..?. 1“ order to minimize moisture
pickup by auxiliary exhaust or dump steam,,the pres*ure/vel Ocity reducing Co” fig”.at.i.an
shall be located above the ~n?erl <.”.2 of the condem..?r tube b“”dl.a “rile.s otherwi=e approved
by the drawing review agency. Conatr.ctio” of the pre.ssure/velocit:,reducirtqconfiguration
shall r,ese che requirement~ of MIL-STD-278 and the applicable requir.?rtentnof MI1. -STO-438
or Fll L-5TD-777 for the service. structural welding shall be .s mpecifiecl in 3.2.4.4.

~L,-—’
Auxiliaw exna.st steam” means steam which has been ex?anded th~ouq~ ?m~u~lJ,la.w p.rirne . . .

. ..@nver.t.Iabout 15 lbs/in2q. It is irttrod”ced into the condenser i“ order to comer.e .
feed water. Two flow values shall be used i“.designing the co”dt-nser, a ‘full-power,“.
steady state cnndition flow,, [see 6.1.1) which mhall he included in the determination
of c.andermer nize [see 3.3.2.9) , a.fia “maximum transient condition flow” (nee 6.1.1).
This latter val”.? fihalibe i“cr.easedby 10 percent to .I>nw for eventual increa=ed cO”-
s-ti O.S by auxi liary machinery due to agin9, and then ‘used an the basis for deaiqn of
the prems”re velocity reducing C.anfig”ration: it should not be .eed as a basis for deter-
mining comlenser size (a.rfacv) .

2/”
DUMP steam” means boiler steam which is introduced into the condenser withnut havinq
dcme useful work i“ a prime mnver.
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3.2.17.3.1.1 The vendor shall be responsible for ensuring that the steam dump and
.suxiliatyexhaust Cenfiq. rations are designed BO that the auxiliary exhaust and dump steam
will not heat the turbine exhaust flexible connection (if emP1oyedl above its maximum design
temperature (see 6.1.1) or result in the Pickup and carryover of water droplets into the
t“rbinel The vendor mhall also be responsible for ensuring that the flexible connection
will “ot be damaged by’high velocity steam or by any water droplets picked UP and carried
by the a“xiliav exhaust and dump steam flow. The foregoing requirements also apply to the

high pressure turbine ~r$?? ~o?n~~~k?? ?~$ ?~k 9F!!:E!JP?!J?!?92!$!?lS,h ?Et:ECg$e stew. into the
cofidenb=r~’.“ ‘ ‘- .’

8 3.2.17.3.1.2 unless otherwise approved by the drawing review agency the pressure/
velocity red.ci”q configuration shall be in the form of the perforated pipe and baffle which
shall have the following qe”etai confiq.ration:

Note: other pipe .md baffle confi,quratio”smay be used provided theY ,meet the 9uidelines
below.

Perforations in the pipe shall be Such that the steam will exit evenly alcmq the pipe length
and shall be located such that the steam emerging from the perforations will strike the
baffle. To insure this . the minimum angle shall be 30 degrees where is the angle from
the outermost row of Perfaratiom to the edge of the baffle as measured from the center of
tie pipe. Maximum Orifice or perforation size shall be 3/8 inch diameter. The location
of tubes with respect to the baffle .ape”i”q is optional .

(a]

(b]

For auxiliary exhaust nteam, the area L x w shall be such that the average
velocity of the auxiliary etiaust steam when expanded to a 29 .“ch vac”urn
(referred to a 30 inch barometer) and passed through thi. area shall not
exceed 250 feet per second (ft/s) or 750 ft/s if the impingement tubes of
3.2.11.1 are imtalled between the auxiliary exhaust baffle a“d the tube
bundle and the req.iremnts of 3.2 .11.1 are satisfied with respect to the
a%iiliary exhaust baffle exit.
For the steam dump, ‘L- shall be as nearly equal to the effective tube length
am possible, allovi”g for shell neck where fitted a“d differential expami.m
between the shell and steam dump pipe and .W- shall be at least three times
the steam pipe diameter ‘D. The impimqement tubas of 3.2.11.1 shall be
installed between the steam dump baffle and the tube bundle a“d the .eq.ire-
menta of 3.2.11.1 shall be satisfied with respect to the steam dump baffle
ex~t For the steam dump assembly the ve”-dorsha;l.justify the mtructucal . . :
adequacy of ‘tb-edeii’g-.“Liy”’si!mii-tt<.6 ‘the‘foiic.i]n. to the drawim review
agency for approval:
(11 Vibration a.alysi. .
(2) Fat xq”e analysis (in acco~da-nc.ee,w~t.h-S~B-g,3)7,d-ye,t~ t.her~a.l4.nd.press.ue

loads for th’e<“umbet of .apecatLnq cycles specif led (see 6.1. ))). Operat-
ing cycles shall be based on the maximum dump steam temperate a“d
pre=.re (See 6..1.11.

Multiple parallel press.re/vel-acity red”ci”q co”fi.q”ratiowdmay be used provided the BUM of
the i“divid”al areas a“d the sum of the individual le”qths natisfy the,relationships of (a)
or (b) as applicable.

3.2.17.3.2 x“ type IV c!mdensers furnished as after and gland steam leak-off Ccmdemers,
the openings for in$?oductio” of the second stage air ejector steam and the gland leak-off
ejector steam shall -be baffled to protect the tubes from impingeue”t.

●
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3.2.17 .3.3 Ii3ien condensate recirculation is required to maintain adequate circula-
tion through the air ejector inter and after condenser, two connections shal1 be provided.
om, to be used O“lY when ntarting UP, shall be provided with a perforated or slotted pipe
inside the condenser shell, so located and directed that the condensate issuing from such
perforations or slots will trickle down over the condenser tubes and will not iu@nge in
jet nt.cams on my of them or on the turbine or condsnser exhaust reinforcing stay rods.
The other condensate recirculating C.mneetion, for normal operation ume, mhall be no located
or ao piped inside the condenser shell that it discharges near the bottom of the shell,
b“t above fhe maximum condensate level, in Such location that there will be no chance of
water droplets impinging directly on fhe tubes or being entrained by the steam fl- and
thereby impinged o. the tubes.

3.2.17 .3.4 Other openin9a (except turbine drain connections) which introduce water
.-or ~tearninto the.mndenser #hell, such as drain connections, make-up feed-connections, .
condensate recirculation connection required for condensate PUMP regulation, and the inter-
conde.ser drain connection shal1 be treated in the sdme manner as the conden..ate recircu-
lation connection for normal operation specified in 3.2.17.3.3. Design shall be based on
the amounts of drains, make-up feed, recirculated condensate, inter-condenser drains, and
other such heat inputs as specified (see 6.1 .1). Provi.9ions shal1 be made for venting the
uPPer end of my le9 of the inter-condenser drain connection piping located inside the #hel1,
i“ order that the loop seal between condenser and inter-condenser WI 11 mt be affected by
any siphon action in -this piping.

3.2.17 .3.5 Connections for Introduction of turbine drains into tbe condenser shall
be ao piped or baffled inside the condenser ehell that the shell structure or tubes will not
b damaged by impingement of high velocity steam, or condensate entr.ai”ed by such steam flow,
should a valve i“ a ‘“mmally closed after warm-up- drain line b= inadvertently left open
or a ste?dntrap stick open a“d allow a Co”ti”.o”s flc’dof steam through the connection. Tur-
bine drain connections shall be treated i“ the sara manner as auxiliary exhaust, and the re-
quirements of 3.2.17.3.1 through 3.2.17.3.1.3 E=hallapply except that there is no restriction
regarding location with respect to the condenser tube bundle centerline.

3.2.17 .3.6 External tube wall erosion due to impingement of either high velocity
steam or water on the tubes bas been, i“ the past, a continual source of trouble in ship-
board co”densern. Strict compliance with 3.2 .17.3.1 through 3.2.17 .3.5 is therefore of tbe
utmost importance.

3.2.17 .3.6.1 Pipe and fittings in lines discharging steam or emdensate or both into
the condenser nhall (except for a.xilia~ exhaust and stem dmpl be of sch=d.1. 813thick-
ness, and shall be of type 316 or 316L stainless steel. Where fitted, baffles, screens. or
other protective devices Shieldi”q the discharge of drain .Xmnectiom shall be of type 316
or 316L stainless steel.

3.2.17 .3.7 ~ valves. Relief valves for salt water side protection shall be ship-
builder f“rniahed. For ~i”e crmdensers, relief valves shall be mounted on the circulat-
ing water piping adjacmt to the inlet waterbox of the co”demer rather than on the water-
bax. The f.allowingis intended as a guide to relief valve sizes:

Type of ship VP e of Condenser Valve size (inches]

Surface 1 2
Swface 11, 111 1/2
Surface 1/4
submarine 1:11 1/2
Submarines Iv 1/4

Relief valves shall be set as prescribed by applicable system drawings.

3.2.10 ~ protectors.

3.2.18.1 Zinc anode protection shall be provided for nuclear ship condemers i“ accord-
ance with MIL-A-19521 with the following except iom:

(a) For pmcil zincs tapered thread plugs, class A P1”98 shall be used.
(b) An acceptable altermitc method of s“pportin’g pencil zincs is the me of

straight thread ‘O-ring- plugs cmfermi.g to MIL-F-21467 except plug bOdY
is to be solid and tapped in accordmce with MIL-A-19521 for dc.siredpe”ci 1
zinc. together with a str.i9ht thr.=d tapped bOss On the waterbOx machined
in accordance with MS16142

(c) Pencil anodes for submarine condensers shall be type ZDM of uIL-A-19521 a“d
shall be comprised of “ot m.xe than 7 discs per assembly.
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Cm.pliance,with MIL-.A-19521,with above exceptions being noted if applicable, shall be certi-
fied by a drawing notation.

3.2. 10.2 For non-nuclear ship condensers, zinc anodes and provisions for their c.ttach-
uent are mt required. ●)

3“2”19‘2P% 9 “’””’10””All “0-ring” gamket retaining nurfacea #hall be of
such rnnstruc on an matez al that the finish will be maintained to that necessary for proper
sealing owr the design life of the condenser (ace 3.2.3) considering the effacta of the
working environment and pariofic hydrostatic testing of the gamketed enclosure. where fer=ctus
uterials form all or part of the ‘0-ring” Beating surface, a non-ferrous weld ciad over tbe
ferroui #eating aurfc.ces,or other technique as approved by tbe drawing review agency, shall
ba ued to maintain Beating surface finish for the desipn life of the condenser. Denig”
of retc.ini”g groovee for “0-ring” gaakete shall conform to NIL-G-5514.

3.2.20 Envir0nIm3nta1 vibration. When mpecified (see 6.1.1] , the conderm.ar shall be
designed and constructed to w,thstand type 1 environmental vibration, of MIL-STD-167.
Maximum environmental vibration shall be as specified (see 6.1 .1). vibration .analy.via or
testing is “Ot required.

~3.3 TXE ~, for -I” propulsio. t.rbi”m or e“gims. ..------------ .... ... .

3.3.1 Material. Haterials used i“ the construction of type 1 condensers shall be as
ohm. in table IV.

~ #
Table IV - Material for type 1 and type 11 M“demers.

Part I Material I Applicable document

Shells , tube n.pport Steel , grade N NIL-S-24113
plates and swr.shplates or W7

Steel, grade A or B AST14A537

Steel ~lASTM .A569

6he11 pressure/velocity Stainless steel, Commercial
reducing co”fig”ra- ;~~L 316 or
tions, tube protec- .
ti.anbaffles, bars,
tubes or screens, and
PiPi”g and fittings
Bubject to internal
or external impi”ge-
=. t

Wc.terboxes (for Nickel-copper alloy , QO-N-281
class A) clans A

—-—
Watcrboxea (for -PPer-nickel alloy, MIL-C-15726 or
clans B) cOWosition 90-10 MIL-T-16420

with rei”foreing ribs
of composition 90-
10 copper-nickel MIL-C-15126
alloy or of steel ASTM A516

~-
ror .aousl.atie sheet Comlenaera procwing activity approval to “se this material shall
be obtained.

3.3. z a. .
. . . . .

3. 3.2.1 Co.denser ar’ra”rleuent with respect to t“heturbim or turbines . or e“oine it
serves shall be as specified isee 6.1.1) .

8 3.3.2.2 Condemers shal1 be of the double or Bimg~epans atrafght tube surface type, as
npecified {Bee 6.1.1) , except for ..bmarine Bervice Is.. 3.2.15.4.1.3] . Cooling water shall
be imide the tubes.
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3.3.2.3 ccmddnsers with which OCOOP injection is specified shall have we.terboxes
arr,mged for aingleptms. Waterb-axes shall have a plate thickness of 3/16 inch mi”imwm.
Waterboxen for n.rfaca ships may bs sectionalized an .eceBnary for handling with minimum
interference to adjacent machi”ay, piping, and Bhip,s structure. &qree of &acti.a”ali-
zation shall & &pendant on the machinery arrangement of lndividual ships and .h,qllbe
m approved by the drawing review agency In all cases.

3.3.2.4 Condemern shall be provided with adequate nupportm. condensers normally
shall be suspended from the ●xhaust flange of the km pressure turbine, shall be used .B a
Bwwrt Or fo~datlen for tie main PrOpUlSiOn turbines, or mhall be supported independently
of the turbine and connected therato by ~ann of an exhaust trunk expansion joint as speci-
fi=d (see 6.1.1) . Shells for type X ~“de”serm shall h.wm a plate thickness of S/16 inch
minimum. COn&nmer shells shall be reinforced to Withstand the stresses i“volv.sdin either
ar=anga~nt ~.and brackets for attachment of sway braces. shall be provided, .3s rrqui red, for

Buspendad condenmerm.

3.3.1.5 De.9iqnshall be given aref.1 consideration 1“ order that a lW pressure drop
across the condenser and a low teuperat”xe diffe~e”tlal between the vacmun and discharge
Circulating water te~ratures are obtained. resign mhall be swh that the diffare”ce be-
tween the teuqI@rat”re correspcmding to the absolute pressure at the steam inlet flange and
the candenaate temperature at the condensate ptJs@ suction shall not exceed l-P at full-
laad condenser rating with 65*F or higher inlet circulating water tewerature or 2“P under
all other conditiom of operation, and that the oxygen wntent of the condensate ❑easured
at fhe condensate pump dlactmrge shall “at exceed 0.05 ❑illiliter per liter ❑l/1 (0.07 parts
~r million (p/m)) under these operating co”ditions in condenaera for non-nuclear powered
ships. Condensers for nuclear-mered surface nhips or submarines shall be designed 80
that the oxygen content of the condensate measured at the condensate PUMP discharge shall not
exceed 0.01 ml/1 (0.014 p/m) when the condenser 10 oPeratin9 at desj9n cunditiOns. nor ~re
that 0.02 mL/1 [0.028 PATI)of oxygen at SO percent full-wer load.

3.3.2.5.1 To accomplish these requirements, the tube sheet layout shall provide for
the mat efficient atemn distribution that can be Obtain=d by spacing the tubes i“ a con-
verging Pdtt.rn, or by steam distribution or reheating lanes, or other &sign shall be wed
to accomplish fhis pu~ae. The total area of the tube holes in the tube sheet shall not

exceed 22 percent (for condensers designed for 1-1/4 lb/i”2.apressure or less at the steam

l“let) or 24 percmt [for Condensers &signed for higher pressure than 1-1/4 lb/in2a at the
nteam inlet) of the total tube sheet area exposed to circulating water flow, the tube nhert
area being dstermhed prior to drilling. 1“ condenser. in which the design Includes space
for steam flow between the ehell and tube bundle, the tube sheet being sm.sllerthan the shell,
this space shall be I.cl”ded am part of the tube sheet area exposed to circulating water flow.
Flow of steam ahe,llbe such 2bat the &at practicable= advantage is taken of the difference
of preaaue between the et.am inlet and air ejector suction and such that the cooling sur-
face of each group of tubes is mst effectively utilized. Main steam inlet opening or Open-
ings shall be as large as possible a“d shall be arranged so that the steam 16 uniformly dl8-
trib.ted over the entire tube B.rface. Tube sheet layout shall also provide for a suffi-
cient number of tubes for precooking the air ejector suction. Such tube surface shall be nOt
less tba” 6 percent of the total ~li”g surface.

3.3.2.6 In the flow of circulatin9 water, the arran9e-n~ of wat=b.-e~ and w~ter
pamaa shall h such that u nearly as possible equal distribution of wata to talltubes in
obtained, that turbulence of friction is minimixed, and that e.roskm and corroaio” caused by
excessive WIocity or entrained air are eliminated to the greatemt possible extent in the
.iclSig” .

3.3.2.7 The water velocity entering the inlet nozzle, or the waterbox if diverging
nozzle (7-1/2 degree maximum taper) if .aed, shall not exceed 11.0 ftls on scoop injected
singlepasc.condemers, or 9.0 ft/s on doublepass condemers used on a“rface ●hips, or 11.0
fC/s on doublepams co”d.”sera used o“ submdri~es. The average water velocity i“ the tubes
mhall not exmed 9.0 ft/a in scoop injected minglepass condensers, or 7.5 ft/s in dOuble -
P.mn condenmern used O. awf.=e ships. Or 9.0 ftls in do~1ePa8s ~ndens=rs used On aub~r-
ines.

3.3.2.8 Tha vacuum re.a”ireme.tsshall be as specified [see 6.1 .1). Unless otherwise
specified (ace 6.1 .1), parf&na”ce Calculations for-Condensers for murface mhips shall be
‘ba.ed on-circulating water injection temperature of 75-F and for submarineBT .6S*P.’ - . - - - -. -
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I 3.3.2.9 Condenser nurface shall be breed on a heat transfer rate (Sritish thermal
units [Btu) per square foot per hour per ●F logarithmic mean temperature difference] of
161 simm the Wuare root of the average water velocity through the tubes ft/a, corrected
by kho follwing factora t

0.85 for tuba cleanliness.
.90 for 18 OkiG,90-10 rnppar-nickel tubes.
.05 fox 16 SOR7,90-10 -pper-nickel tubes.
.82 for 18 f#2, 70-30 copper-nickel tubee.
.77 for 16 ~, 70-30 Copper-nickel tube..

1.025 for 75-T or 0.962 for 65*F inlet water temperature and an assumed heat
rejection to she circulation water equal to at least 950 Bt. per pound of steam
condmnmatf.

If determined by heat balance calculation that the total heat rejection to the circulating
W.ter will & ie.s than 950 Btu per pound, the actual figuxe may be treed, if ❑ore than 950
Btu, the higher value shall b-au8ed.

3.3.2.10 Ex)Iaustconnections.
,.. . . . -.,,.. . . . . .... ----- .. . .

%

3.3.2.iO.I Main condenser exhaust conmction to a propulsion turbine located above
the conden8er shall be a continuation of, the condenser shell end shall be provided with a
tlmqo for mxmecting to the exhaust casing fla.ge of the t.rbi”e. when the .O”demer f.armg
the support for the turbine and no gasket is provided between flanges , a simple system of
flange grooving shall be provided on the condenser flange for pre. s.re pumping with a sealing
ccnnpeund, should hakage develop in service. Flat surfscea shall be stiffened in B“ch a
manner ●s not to interfere with the flow of exhaust steam.

3.3.2.10.2 securin~ turbine to condenser. Where the t.rbim and che condenser me
bolted directly toqmther, ~langes, steam exhaust and steam inlet, respectively, shall
h &ill*d by fheir respective Imanufacturcra, except that holes for badybound bolts will
be finish reanmd by the ●hipbuildex at installation. Condenser fla”ge shall be drilled to
a template furnished by the turbine ma”ufact”rer. Gasket (if required] , through bolts, a“d
stud imltm ketwean the turbi”= and the main co”demser shall be f.rnifihedwith the co.demer,
●nd studs (o”e-nut studs) ●nd tap bolts shall be fnxni%hed with the component tapped for smr.s.

1.1.2.10.3 Access. A-uate ~c’=emsfor examination of condenser internals .ghall be
provided, cspecia~ those areas where steam or water are zelea’ded into the cnndenaer, and
for cl..ninq out tbe hotw=ll. For type I .xmdemem a manhole (.x manholes) 8hall be pro-
vided in the top of the Conden.er shell for acces. for examination of the entire upper section
of tb. tube bundl. and the shell ar=ns adjacent to the steam inlet(s) . incl”dl”g bafflirrq
wh.n fitted. ?or cundenser. titted with a steam dump or an auxiliary exhaust nteam comec -
tlon or toth, manholes (or axamin.stionopenimqs in type 11 or 111 condensers] shall be pro-
vided CC.permit .xbmination of the Condens=r interior in the vicinity of the =Om. ctio. . or
of ●ach -N19Ctien if both are provided.

1.].1.10.4 ?lcxible CQtmection b~ turbine ~ Condens=r. mere the turbin. a“d
the main rnndenser ●re catmected bY a conuan ~e connection, it will be necesmary for
the turbine and condenser manufacturers to maintain close liaimon with the shipbuilder to
dwelop ● coordinacad Imtallati.? prwedure. Since the flexible connection will have a
find face-to-face diwmsion and prcdrilled flange.n (te permit interchangeability between
propulsion units in the ship Ciasm) , it may be necess.try (at the discretion of the ship-
builder) to 18ave the turbine or condenser fla”qe undrill=d until i“ntaliation to insure
proper ●lineaant and installation of bolting. Regardless of who furnishes the fle.xibl=
Connection, and regardleae of whether the turbine and the co.demer are furnished tinderthe
mama .x diff*rent contract (s), the turbine and condenser manufacturers shall ●ach be re-
spcumible for providing bolting and a g.aket (if required) where their respective components
●ttach to she -. mnne=t ion.

. L . 3.3.2.10.S _Unlems ‘otherwise .Specificd (mee 6.i.1).,the flexible connection-between-the -
t“rbime and C.XIdensershall net be fur”imhed with the cfmdenser.

9)

-, .. ----

1.3.2.10.6 Pads shall be pla.wd on the exhaust cennectio” i“ a“ accessible location
for fh inmtellc.tion of two te~rature indicators , and for cor.nection ef a dial type vacuum
gage. Temperature indicator~ and gages c.hc.11be .0 located aml C.ame.ted as to obtain a
measure of tb. average condition.
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3.3.2.11 Unless ofherwise specified (see 6.1.11 tem~erature indicators wil I be fur-
nished by fhe shipbuilder. Condenser m.anufacmrera shall provida and install the wells for
the temperature indicators as required in 3.3.2.11.3.

3.3.2.11.1 TeuQerature indicators @ball be inBtalled in the following locatiom:

la) Exhaust connection as clone to turbine as practicable. Dne indicator 9hall
be imtall=d for indicating the mrmal temperature encountered. An addi-
tional indicator shall be installed to indicate the temperature of the
exhaust #team wh.snthe ship is running at full-power astern (Bee 3.3.2.10.6) .

(b) l-Circulating water inlet (eee 3.2.15.9).
(cl 1-Circulating water outlet (see 3.2.15 .9).
(d) l-Condensate well. (Suitable pad for installation Bhall be provided o“ the

-“de”sate well. )

# 3.3.2.11.2 Temperature indicators shall conform to MIL-1-17244. Distant reading dial
type indicators, in accordance with class C of MIL-T-19646, may be substituted when location
ia difficdt for access for reading. Exhawt steam temperate indicator for ahead operation,

- .in either case, shall be of such design that it will not be damaged when-subjected ‘to‘astern
steam temperature.

3.3.2.11.3 Wells for steam and condensate temperature indicators shall be of corrosion-
remimtant steel in a?cordame with MIL-w-24270 and MIL-w-24270/3. WellB for sea water tem-
perature indicators shall be of the same material as the waterbox or of nickel-coPper in
acc.ardmce with MIL-W-24027, and the form shall be in accordance with MIL-W-24270/3. Drawing
81O-13 B5917 may be used as a guide for imtallation of wells.

# 3.3.2.12 unless othervise specified lace 6.1.1) an 0-1/2 inch vacuum gage nhall be
provided for each .wnde”ser by the shipbuilder. Vacuum gage for surface ships shall conform
to MIL-1-18997/1. vacuum gage for submarine.qshall conform to MIL-I-18997/1 except that the
range of the scale shall b. 0 to 36 inches of Hg and shall be so constructed that when sub-

jected to a case pressure of 30 W“nds lb/in2a no damage will occur to the pointer or pointer
stops. Gagen will be mounted by the shipbuilder. 1. addition for submarines there shall be
provided by the shipbuilder a nomnarcuri.1 absolute pressure gage. Gage piping shall in
accordance with Drawing fI1O-13B5850.

3.3.2.13 Deaigriof the condemer hall be such that the Ordering length of tubes will
be in integral multiples of 6 inches, except when U-bend tubes are used.

3.4 T= z for turbines of steam turbo-generator ~.

‘(:, 3.4.1 Material. The materials used in the Comtr”ction to type 11 condensers shall be
aa rdm.m i“ table Iv.

3.4.1.1 Materials for type 11 condensers for submarine service shall be .5 8Pecifi.d
in table Iv, except waterb.axes hall be nickel-copper alloy i. accordance with class A Cf
QO-N-201.

3.4.2 -.

3.4.2.1 Tbe requirements of 3.3.2.2, 3.3.2.5, 3.3.2.5.1, 3.3.2.6, 3.3.2.0, 3.3.2.9,
3.3.2.10.3, 3.3.2.12 and 3.3.2.13 shall apply.

3.4.2.2 Internal Surfaces of the waterboxes and division plates shall be smooth to
reduce the water friction tmd t.rb”le”ce to a minimum. Fabricated waterboxes sha31 have
a minimum thi.k”ess of 3/16 inch.

I-----.. ..... 3.4.2.3 condenser? .mhall be,provided with adequ-a:eu....pporta.if f!f?~sh.~d .?...,?P~~ttZtZ_ ----. ..;
,.units , ,Of-shal~ & fuf”is?,e-d-a.~flart--of‘a.pXck_ag-e-d””steam turSo-9emtiaLor set. deslg.ed to be
a.pported from the turbo-generator bedplate or to supperL the turbine, generator and re-
dwtion gear (if provided] , as 8pecified (s.. 6.1.11.

3.4.2.4 U“lenn otherwise specified [see 6.1.1) condemers f“r”ished as separate units
#hall not be provided with a flexible steam inlet Comecticm.

3.4.2.5 When a condenser is f“r”ished as part of a packag.d turbo-generator set and is
deaigm.d to be supported frotothe turbo-generator bedplate, the necessit’ifor a flexible
comectio” between the turbine exhaust imd the condenser steam inlet shall be determined by
the turbine and condenser man. fact”rers. If required, the flexible c.anncction, bolts, and
gaskets (if required) shal1 be furnished by either the turbine or condenser man”f?ctvrer as
mutually agreci. Ccmdanscr clxawihg..511.:1 i,,dicale hh. t i. furr.is:.ei i:th tl,....c::.:....scr.
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# 3.4.1.6 Pads shall be placed on the Bteam inlet of tbe condenser as closa as possible
to the turbi”a erhaust flange for inst.allatio”of a temperature indicator and a.nnection of
a vacuum gage. Pads shall also be provided for i“ntalle.tion of the temperature indicators
specified in 3.2.4.7(bl, (c), and (d). Condenser manufacturer shall provide and install the
“ells for the temperature I“diec.tors. Req.ireme.ta for temperature indicator wellm e.reape-

. cified in 3.3.2.11.3

3.4.2.7 Tenqm?rature indicators shall Ccmform to NIL-S-17244. DiBtant reading dial
LY!= in~c.tora ~Y ~ s~atit.ted tie. location 1S diffic.lt of access for reading; much
indicattar~shall be in accordance with class c of NIL-T-19646, Indicators shall be installed
to indicate temperatures of the following:

(a) Exhaust connection, aS close to turbine am Practicable lone].
lb) Circulating water inlet [one).
(cl Circulating wtiteroutlet lone). .

,-. -.

(d) condensate well (one).

3.4.2 .7.1 Unless otherwise specified lace 6. 1.1) temperature indicators will be supplied
by the shipbuilder.

3.4.2.0 Sea water velocity entering the inlet waterbox nOzzle, or the waterbox if a
divergin9 “OZZ1. (7-1/2 degree maximum taper) is used, shell not exceed 9.0 ft/m a“d the
average nea water velocity in the tubes shall “ot exceed 7.5 ft/s under a“y condition of
operation.

3.5 T= 111, for a.xiliar~ steam turbines or steam reciprocating emqi”=s.—. —— —.

3.5.1 Ths requirements of 3.4.1, 3.4.1.1, 3.4.2.1, 3.4.2.2, >.4.2.4 and 3.4.2.6 through
3.4.2.0 mhall EPPIY.

3.5.2 condensers shali & provided with adequate supports.

3.6 ~ E. & ?_ g= kak- off vent or atedm, includin steam from shi ,s
heati” d.. n _ ventat a so for merv ce m eEEn=? = ector a ter=anaer a“
tiea=f ce”den=Qr_iii6u,a~”e s-~d’ PP

.+-- —+

3.6.1 Mat=rial . Materialm used for the ccwmtructio” of type Iv conde”aer. shall be
as shown in table V. Materials for parts “Ot listed shall be of the quality best suited for
the p.rpnae Int=nded.

Table V -

Part

!ihslls,tube support plates
and svaab plates

Shell presmure/velocity
red.cl”g configurations
and tube protection
baffla., bar=, tubes
and screens and PIDInq
a“d fittings subje~t ~o
Internal or ●xternal
Impi”geumnt

Waterboxcs (for class Al

.-. . . .

:erial for type W condensers.

Haterlal

Steel

Steel , grade h or 0

Stee1

St.ai”lesssteel typ= 316
or 316L

‘aw.r-. icke: alloy,
composition 70-30

~., ,- .,..,-- .- .-.=_.
Capper-nickel alloy,
composition 70-30, cast

——

hppli.able document

NIL-24113

kST14AS 37

~lASIU h588

ASTM A106

ASTM AS16

commercial

MIL-C-15726

Mi”L-C-20159

—.
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m...

-.

Table V - Material for type Iv condensers lcont,

Part

Waterboxes (for clani B)

.. .. . .—.

Material

Copp,er-nickel,+11oY;
C.app.asition90-10
with flangee i.ndreinforcing
ribs of comr.osition 90-10
copper-nickil, or if
nteel

Bronze; nickei-aluminum,
cast

Brohze, tin, sand
caiti”gs, alloy 903
..oL.9Z2.. .-.,.... . . ... .-

‘For do&le tube’sheet co”deniers; procuring activity approval to
be obtaini?if.

3.6.2 h.

.—.
pplicable docwment

——
611L-C-15726 os
261L-5’-1642O

MIL-C:15726
AS’316A516

— ——
MIL-C-20159

HIL-B-24480

.—.—
ASTM 8143

-. .- —.—
this ❑aterial shill

3.6.2.1 The requirements of 3.3.2.6, 3.3.2.13 aid 3.i.i.8 nhall iipply.

3:6.2.2 condensers may be of the straight tube type or hay be provided with U-bend
then, (U-bend tubes are tubes formed into a c?”tiriuousbend of not more than 180 degrees in
i single plane. ) and mhnll,have the cooling water inside the tubes. 2f U-bend tubes are used;
the miiimum radius of the U-beridnshall be 15/16 inch.

3.6.2.3 Cmcienmers shall be provided with supp.art~.

3.6.2.4 Condenneri may have waterbbxes arranged for single or ❑ultiPais Circulation
except for subimrine. service (see 3.2.15:4,:1. 3). Inter”al surfaces of the w.aterboxei and
.giviaion plates shall be smooth to redtikewater friction and turbulence to a minimum. Water-
boxea for murface ships shall have a minimum thicknens of 3/16 inch.

@

3..6.2.5 Condensers shili tie provided with an adequately sized atmospheric vent in< shall
be no designed. that the,total ariountof steam and air entering the.condenser Will Ve!Itto
atmosphere without exceeding the design working pre~t!”re in case of failure of cikc”liting
water supply.

3.6; 2.6 Gland ieak-of f 6s vent itei!icoiifenieri shill have .Biifficicnt.6urfaCE to COII-
6 dense tie anoutitof iteim and.cool the amount of air ai specified (see 6.1 :1)..and unle.,
othetiise specified (ice.6.1.1) shall vent the air to atmosphere at a te~e.a~.re .Ot exceed-
im 35*P above design inlet water temperature for surface ihips and 15*F above design inlet

3.6.2.1 Coiidkni.rs iiiedto.cendeii~esteam Vented from a E=hip;i he. ti.g d.~i? .Ys~em ‘
eqtii+tidwith 8. air ej~ctor sha13 be provitfedwit! an ~fter .~?nde.me!. ~ecti?n fOr. the ?i:
ejector: The two condensing sections shall,be coiitained,in.a coImnOnshell. and the design
shall incorporate @oiiii@ proi.iiion against lei!kagefrom the after condenser section into
the vent condensing section.

.,.

# 3.6.2.8 iI”ie88Oth&iiiise specified [see 6.1.1), ttietembeietuie of the air vented kuam
combination after and gland leak-off tindeimers for Subma?inen *hill not exceed 15*F abOv@
&sign inlet water teirperiture,with one air ejector operating or 65-F above dekign inlet .,
water te.mperattiiewith E.othair ejectors operating.

,. .-.

3:6.2.9. TYPE Iv. rnidenser ~rfomaance shall be based o. 85;F inlet cir=.1JJtin9w~~ter
ke~iaturi (see 6.1.1) &d 85 percent clem tubes:

3.6.2.10 ~ff liii!ishall be provided iinderthe ute~ ihlet to protect the,adjacent
ttibm froio i!wingeue”t of high velocity atkiinand tiiit”re entrained in the steam flaw.

..,.-

. . -“”,
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* 3.7 Identification plates. Each condc.ser shell bear an identification plate in accord-
ance with types A, B, C, or D of MIL-P-15D24 and MIL-P-15024/5 with material choice being

-. limited to the wrought brass , cat brass , cast bronze or .Orrosion-re.istin.g steel prescribed
therein. Provision shall be made for the following information:

flm of unit.
Type and clans of unit (see 1.2)
Seriel number.
National stock “tier if required (allcu 20 spaces] .
Name of manufacturer.

.-,

.

“....
;.
;. ...

8 3.0

(a)
[b]
(c)
(d)
[e]
(f)

(g)
(h]

(i)
(j]

[k]

(1)
(ml

Contract or order number. [The procuring activity ,s contract or purchase
order number. ) (Utilize width of plate to allow maximum nu.ndmrof spaces. ]
Blank np?,cefor Govermm?nt inspectc.r”stamp.
Blank space tor ‘unit number- (allow 2 sfiaces). (This space shall be used
for “tiering for..shipboard-reference ‘p.rpo-se~- stamping to be done b+ ‘-

..- .

the shiDbui Idar].
Hydrostatic test pressure, shell side.
Hydrostatic test pressure, tube side (For submarine application, no entrv
shall be made in space]

Hydrostatic test pressure, inter-tube sheet void space (if applicable] .
(For submarine application, no entry shall be made 1. this space) .

Date of manufacture.
Cesigmtion ‘U. S.-.

Paintinq. Condensers shall be painted .. specified hereim, fter:

(a) External and internal “on-ferrous surfaces of b’aterboxes and tube sheets shall
“ot be painted . Internal ferrous surfaces shall not be painted.

lb) External surfaces of the steel shell and steel inner tube sheets Bhall be
thoroughly cleaned and coated with two coats of heat-resisting paint in
accordance with 3T-P-2B. External e“rfaces of steel reinforcing ribs c.”d
flemqes on waterboxes shall be thoroughly cleamsd and coated with two coats
of zinc-.hrorrateprimer in accordcmce with formula 04 of TT-P-645.

I
3“’ w *‘A ‘“

Lists of stock repair parts, onboard repair parts , ,md
tools, shal be deve aped as provisioning lists as specif led in the ccmtract or order (see
6.1.21.

3.9.1 Onboard repair parts an? tools. OnbOard repair parts set is defined a, the
assemblage o-r parts Lmd spec,a~l. carried onboard ship for mai. temnce use.
Special tooln are defined !3sthose teds not listed in the Federal supply catalog. (Copies
of this catalog MAY be consulted in the office of the DC&S.] For all ships the set shall
includm the follawi”g:

(a) Zinc anodes (see note] - - - - - - - - - - - - - - - - 100 percent.
lb) Tube packing, if u8ed - - - - - - - - - - - - - - - - 10 per.e”t.
(C) cage glasses ------- -------------- 25 percent. (Minimum:1)
[d] ;~)addition for nuclear propelled ships:

.O-ring- gaskets - - - - - - - - - - - - - - - - 100 percent
(2) Tube expanders (for double tube

sheet CUnde”sers o“lY) - - - - - - - - - - - - - One of each mize re -
auired (ace 3.2.1s.4.2

(3)

(4)

:“d 3.2:15.5.21.
Right a“qle gear drive a“d ex-
teneio” (m) or flexible shaft
for op.axati”q the tube ex-
pander? and pernvment tube plug
i“sertlon tools [see 3.9.2)
asreq. ired --- --------- ------One

Tube plwqs 1. accordance with
MIL-P-15742 for temporary
pl”qgi”q of tubes (double
tube sheet condensers 0“1”) - - - - - - - - - - 10 c.erce”tof total

●)

.uiber of tubes to
maximum of 100 plugs

.,
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(a)

(b]

(c)

MI L-C-1 S430J (SHIPSI

(51 Permsnmnt tube pluqging tool ●t
(mm 3.9.2) for ●xtacw hip
&wble tube ahmet condmmarm
only ------- ---------- -----o”.

NOTE :
Where Fncil zincs are fitted there shall be suppliad 2S percent of ●upportinq
plugs or 100 percent of plugm Cor one condenser, which9ver i. the qmater. -
Pe”cii plug subasse.&1ie8 shall not be listed.

3.9.2 Permanent tube IU in tool #et.
—Y

For nuclear propelled ship condenser. ,
permanent tube pl”ggfng too set. sha~h=urnished as specified (Bee 3.9.1(d)(5) for
surface nhipm, and 6.1.1 (for Submarine] Tool met shall be bamed on the followi”q:

Tools shall ba provided for zeuo.ing th= tube end from the hole in the
outer tube mheet, across the pace betweeen the double tube aheetn ●nd
for fi”i.hi”g the tube end flush with the outer face of the inner tube
mheet free from burrs. Tool. mhall also be pr”vided for expc.ndi”g the
Prmanent tube plug$ (see (b)) into the tuba hole in the outer tube
sheet and into the tube end in the inner tube .heet. such tac.1.nhall
be arranged for power operation, including the use of the right a“qle
gear drive, extemions or flexible nhe.ft therefor mp.cified in 3.9.1 (d)(1)
if required for permanent pluqging of thos. tube. edjac=nt to the
periphery of the waterbc.xe~ or the waterb.ax partition (see 3.2.15 .4.2 and
3.2.15.5.2).

Permanent tube plugs shall be fabricated from cond.er.nertube stock of ●um
❑aterial as the condenser tube~ and of proper qage so that, when turned
down to fit imide the tube ●nd i. the inner tube Bheet, the wali thickness
will be mt less than that of the c.a”denm. r tubes. An end plug in acccwd-
ance with f41L-C-15726, composition 70-30 or 90-10 as applicable, shall
be welded into the mall diamete: end of the tube plug’. A1ternatively,
the permanent tube plugs may be machimd from bar ■tock in accordcmce with
f41L-C-15726, compasitio” 70-30 or 90-10 as applicable, with the above limi-
tation as to wail thickness. Each permanent plug shall paresthe inspection.
specified i“ 4.5.5.

Tapered phenolic tube plugo in accordance with MI L-P-15742 shall be provided
for D1.amina the oDen end of the Dermanent tube D1U9 after the Derm.anent

3.9.2.1

(a)
(b)
[cl

plug”ha~-be~n instklled a“d the i;mtallatio. pro~ed-natia factori.

Condenser manufacturer shall forward the following to the drawing review aqcncy:

Perm.ment tube plugging procedure.
Drawing in) of the permanent tube pluq and tooln lincl.di.9 kaPeIed tube P1.91 .
Drc.wi”q(e) shc.wim the Perm.sne”t plug rmd each tool in ita propor position

in the tube end & permanent plug.

3.9.2 .1.1 The drawing IS) and procedure 8pccified in 3.9.2.1 shall be i.cl.ded in
the c.mdenner technical manual.

I 3.9.2.2 For types 1, 11 and 111 comfem. rs it shali b. demonc.trated to the sati8f.3ction
of the cc..q”izc.nt WAS, or supervisor of Shipb”ildiw by means of a f.ll-scale mock-up, that
the tools provided can be used satisfactorily within the COnfi”es of both wnterboxes (see
3.2.15.4.2 md 3.2.15.5.2) using the access Openings provided thereon. Uae of the condenser
waterbc.xes and dummy tube sheets is S.cmest.d. such dummy t“bc ahects shall be provided
with at least three”.~est,jigs, and loci~cd in .thc.posltioi. of the tub- CIO.est”to the Pcr-

.. .....: Iphery-of-the waterboxes and the waterbox partition.. The tightness of the p.srmane.t tube
P1”9s , when expanded into the tube e“d and the tube hole in the outer tube .qhectshall be
demmstrated, the expa”di”g being accomplihsed inside the confines of the waterbox. Tight-
“.ss.of the tube plug. ah.]1 be @nmnstrated by a hY@st?tic test Pr?ss. re eq.~1 tO ?Pccjf,i?d
aubmerqence test pressure in the space between the simulated tube sheets of th. test 319s.
If the same plugs and tools have been s.ccessf.2 )Y used in a previous demonstration on water-
boxes of the same design, there may be eubstitutm.1 for the mock-up and tube plugging described,
a dcmmm;stratim of ability to Position tools aml plugs an for usc in cutting out and pl.qqing
tht:most im.ccessible tubes (as described FAN3VC1; this shall b. done to the satisfaction
of the cC.ASor Supervisor of shipbuilding.
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3.9.2.2.1 For type IV condensers , a demonstration shall be made in the same way of the
t satisfactoriness of the tools provided, except that the requirements of working via the
waterb.ax accenm openings and within the confines of the waterbox are not applicable. For
the case where type IV air ejector after condensers are being purchased in cenjuction with 6

tYPe 1 or 11 condensers and pex’mmnent tube plugs and tools demonstrated for the larger
condenser are applicable to the smaller Co”de”ser, it shall mat be m?cessary to redemonstrate
their use on the latter. Upmn successful completion of the demonstration, the condenser
m-a”ufact.rer shall submit a letter certifying the capability nf the tool set to fulfill itn
intended purpose. The letter shall cmtain the signature of the CCAS or Supervisor of Ship-
building Witnessing the demonstration, zmd it shall be submitted to the drawing review agency.

3.9.2.3 Each tool set mhall contain the .foli&i.ng-, ‘ “
.-. . . . .---- .

(a)
{b)
[c)

100 Pe.rma”ent tube plugs (for each type of conde”serl .
Tapered phenolIc pl.ry equal to the mimber of permanent plugs.
Om each of all tools required to install the permanent plug (including bevel
gear, extension, miveraal joint, or flexible mhaft if required, however
a drive motor shall mit be furnished] .

One spare vet of tube cutter bits {if tube cutter is “aed) .
One spare set of rollers for each exr.tnder.
om c.apyof procedure and drawinge r~ferred to i“ 3.9.2.1.

(d]
(e)
{f)

3.9.2.4 Each tool set shall bc contained in a sturdy metal tool box Suitable for the
intended purpose. Th= outside of each tool box shall be marked as foil.awn:

(a) Nm”clature - .Toal Set for Pertr,am”t Plugging of Tubes i“ Double Sheet
condensers. .

(b) ‘Tool Set NSN - {add if available] ‘.
(c) Condenner man.fact”rer.
(d) Nam? of component a“d its CID (APL) number.
[e] contract nuuber.
(f) Applicable ship..
(9) ‘Tube plug f4SN - (add if available) ..

3.10 Tech”i.sal~. The supplier mhall prepare drawinqs, design report, technical
mrmual, ticrofilm, aperture/tabulatiq cards, list of onboard and stock rep?Iirparta and
listing of aperture card# i“ accordance with the date ordering docum.e”ta included in the
contract or order (we 6.1.2).

6 3.10.1 DZ0Win9S. In additi.s” to ~he drawing cmtent r=q.ired by the data ordering
document fhe unique technical features specified i“ 3.10.1.1 through 3.10.2.1 shall be
included. Proposed areas of departure from the epecificatiom ❑ust be explicitly requested
with supporting basin and, if accepted by the draw Lmg review agency , they shall be called
out as exceptions in the certification data sheet statement of c.cmforu,,mce.

I 3.10.1.1 An mttecnal arrangement drawing, called .Outline Drawim3-, shall show all
necesmary external views of the “nit, shall include all ●xterml dimemiom required for
reproduction on Shipsn machi”cry arramgeuent drawimjs, for guidance of the shipyaxd in de-
signing the foundati.m atruct. re for the ““it, for installation th.reef, and for co””ection
of ?/he unit to the external Piping Drawing shall show the apace required for removal and
replacement of t“be8, rermvc.1of w.terboxes , covers of acce’as Openiny , zinc-anodes (if
fitted) , location of lifting lugs or eycbolts provided for handling of the unit or its
mWOnentS and ❑LZF Of O1l@mF9s therei. PrO.ided for Iifti.g, cc.ter-of-9ravity information
for dry and C.pecc.tlnqco”dItlonB , aml allowable forces a“d moments for w.aterbox inlet m?zzles
on avrface ship scoop A“jected condensers (ace 3.2.15.7)

3.10.1.2 A drawing showing Complete lmgitudi”al e,”dtranevcrsc cross-s.?ctio”al views of
the unit shall be called ‘Ans.?ublyUrawinq-. This drawing shall Bhow the relatiomhip of
.11 parts, arre.nqen’antof tubes, method of tube end exprmnion and baf f1.s. Liberal .s. of
enlarged views or sections shal1 be made. If mceaaary , subassembly drawi”qs conforming to
the almve ray be furnished for indivld.al compcme”ts of the wit. The drawing 0. driiwinqs
shall be such that a thorough understanding of the desicm a“d construction of che appe.rat,us
❑ay be obtaim?d without reference to related detai1 drawings.

I

3.10.1.2.1 The assembly drawing ohall co”t.ain. list of materials nhowi”g names of
parts with identifying numbers and materials of all parts.

3.10.1.2.2 The drawing nhall bear a certification that the zinc .“Odes provided comply
with the requirements of MIL-A-19521 [nuclear .9hipco.dcmer. only) .
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3.10.1.3 Detail drawings of all ❑ajor parts such as shell, waterboxes, tube 9heets,
tube support. , and baffles Bhall be furninhed. Drawings shall be mmpletely dimensioned,
with finishen and walding symbols indicated, as required for manufacture. For submarine
condensers, all mubmwrgence pressure boundary weld joints shall be identified by a unique
weld joint identification number.

3.10.1.4 Certification data sheet shall be furnished and shall include a tabula~~o?
of the follwi”g data :

(a)

(b)

(c)

(d)

(e)
(f)

(91

(h]

(i)

(j]

(k)

(1)

(m)

(n)
(0)
(p)

curves showing absolute pressure (inches of Hg) obtainable versus heat loading
(Bt.1 for inlet circulating water temperatures of 20., 45*, 65”, and 05°F
at circulating water flows of 1/4, 1/2 and full design quantities for conden-
sers serving nupmarims, or 45-, 65”, 75., a“d 85-F.for co”demera serving
surface ships. Heat tramfer rates shall be calculated a. .pecifled in

.3.3.2.9 us.ng correction factors of 0.520, 0.745, 0.962, 1.025 and 1.060. . ...- ..
for 45-, 65*, 15”, and B5°F inlet ‘circulating water temperatures , respectively.

Quantity of steam from ~l? turbines at full and various partial loads or
q.antlty of ste~ from shzp’s gmerator turbine at max~mm rated-load.
Quantities of auxllie.q exha.. t pr?vided fOr i. the de.L9n in pOund% Per
hotu (see 3.2.17.3.1).

Total quality of condensate i“cl.ding estimate8 and tabdation of turbine
exhaust, steam dump, auxiliary exhaust steam (design steady etate conditiOnl ,
make-up feed via dea.rating tank, recirculating water from feed tank, dis-
tilling plant coil drains, air ejector intercondenser draim, surg% tank
vapors , and all other drains or Connection involving the condemcr conden-
sate

Number, o.d. , wall thickmss and ordering length of tubes.
Total”cooling surface and the e.ubdivi~ionof this .urfa.e alloted for air
ejector s“ctio” pre-cooling.

Quantity of circulating water for full-power or rated-load conditions and
it. temperature rise.

velocity of circ”latimg water at rated-load in the tube. Of each P~s. with
the total friction drop in feet from inlet to outlet connection at rated-
load .

Calcdated initial temperature dif:.rence, logarithmic ❑ea. temPer~ture
difference, .md fiml te.nperat”redifference at full- ox rated-load.

Calculated value of heat trrmsfer coefficient at full-load under specifi.d
co”ditiona.

Predicted COndenner pressure. [inches of H9 absolute) that will occur at the
denig” dump steam flow with .Irculc.ti”gwater at design inlet temperature
and fUll ~Ump flOW.

Dry weight, operating weight, and flooded weight (flooded steam, and sea
water sides) of condenser.
Hydrostatic test pressures for all pressure parts. [1” case of condemners
for submarine service hydrostatic test pressure of waterboxes and pace
b=twee” tube sheet. shall not appear on the drawin9. Reference sh?ll be
made to the appropriate salt water piping symtem diagrammatic drr.wl”gas
a source of thiu information, with a notation confirming that the test
pressure v~lue for the ❑alt water side also applies to the double tube
sheet void SPC.C?. )

Name .md addiesa of man”fc.cturerof condenser tube packing.
Nturberof condenn.rs Per ship,
Li6t of critical materials [ace 4.1.2.2)

~~~P~~L’i”2’”i*~~” ~.’ypes-.

1 .a”d:ll,.conden?ern, the Condew$r .MaI!Uf CKt.rer .sh!ll. . . .
e. g“ re rt which sha”llbe ?ubm$tted to the ~rawing review agency

for approval prior to fabrication. The dmsign report shall rn”tain technical proof of equiP-
ment .mmplianm with !eniw a.d p’=rform$nc~ req.i?e=nts. Technical proof shall include
c.loulationa, ●k.tch.s, test d+ta, Ber.Lce experience, and similar perti.e”t information.
~.ign rap?rt format shall permit ready ev.sl.c.tion,of the cmtents. An a ❑inimum, the tech-
“Lcal juntlflcation for the ite~ llstcd shall be included where applicable. Drawings sub-
mitted for acceptmc.? shall be .accompa”ied@ that portim of the deslg” report applying to
the drawing mubmitkal. (Item (p) shall be submitted prior to imtallatim of tubes in pro-
duction .nit~. I A fi”nl and’complete version of the design re~rt Sh~ll be a~n,itted ‘or
information to the drawing review a9e.cy ~fLer ?1? Of the hte= have b?en cO@?!ed. ‘inal
and complete version shall be a consolidation of all reports ge”er?ted cnd nhall cont.,.
.11 correct ion..
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la)

“*: (b]
. ,5 (c)

(d)

(e)
[f)
(g)

(h)

(i)
{j)

(k)
(1)

(m)
(n)

(0)
[p)

Auxiliary exhaust distribution E.yntem (see 3.2.17.3.1] .
Steam dump distribution system (Bee 3.2.17.3.1).
Condenser heat transfer surface (eee 3.3.2.9) .
Co”denser shell expamsion joint design for double tube sheet cande”ser (see
3.2.9.3.1).

Subrcari”econdenser tube sheet design [Bee 3.2.13.3).
Submarine wat.rbox design [see 3.2.15.4.1.1 and 4.2.3) .
IXmble tube sheet as,embly design for mclear nhips [Bee 3.2.13.2.2,
3.2.13.2.3, 3.2.13.2.4, 3.2.13.4, and 3.2.13.4.1).

Provisions for tube bundle examination. zinc DMintEnance, and ttie p~uggi”g
2.15.4.2. 3.2.1s.4 .3.1,for double tube sheet condenser [see 3.2.___ . . . . ..

3.2.15.5, 3.2.15.5.1, and 3.3.2.10.3).
Turbine ●xhaust connection design for double tube sheet condenser (see 3.2.11
surface ship waterbox scoop a“d circulating pump inlet nozzle desigm for
double tube sheet condenser (see 3.2.15.71.
Surface ship waterbox design for double tube mheet condenser (see 3.2.0.4) .
Design of baffles or distxib.ti.a” pipes or both (see 3.2.11.2, 3.2.17.3.3,
3.2.17.3.4. and 3.2.17.3.51.

Shock resistance design (see 3.2.7).
Analynis of bolting adequacy for all bol :i”q associated with sea water con-
taining elements or double tube sheet void space. on submarine cmde”aers
(see 3.2.13.5.3 and 3.2.15.14).

Submarine guide pin adequacy [see 3.2.15.4.1 and 3.2.15.4.1.S).
Tub= expa”dinq procedure for double tube sheet c.andenaer (sea 4.2 .4).

.).

# 3.10.2.1 For submarine mea water cooled co”de”sern, the design report shall be in a
format to facilitate an i“deper.dentreview of it. content~. It is therefore imperative that
it be sirple te follm end free from ambiguity and shall co”tai” the followi”q as a minimum:

(a) Description of design req.ireue”ta such steady atata and transient pressuren,
Cemperatur== and axterna 1 Ioadn.

(b) A general description of the methods of amlysim and assuv,PticI”s.
[c) Saference sources hall be inde.tified.
(d) Computer programa mhall be properly identified and dea.sribed.
(e) Seport shall contain a COPY of the computer printoutm (input and output) .
[f) The follming tabulation shall be included in the design report:

Uaterials and mechanical properties

P* Material used & % ~

[i.e., Identify varioua [Fully i“dentify by (Indicate Valtt5
parts of the casponent )

{FIvm SDS-63)
specification end and scmrce )
fi,,ish)

Primary and necondary stresses

Area Maximum calculated Allowable Page o“ which calcu-
analyzed stress intenmity stress intmaity _lat=d atren- appear

(i.e. , nhow rar.parisonof cc.lc”lated#tress
and allowable .tres. )

P~re.a intensity
Am a Pages on which calcu-

a“alyzed unage factor Iat.d .tres.es appear

(Baaed on 48,000 lb/in2 yield for
CuNi materials)

3.10.3 Teeh”ical man”ala. 1. addition to tcch”ical ma”u.1 content ruf”ired by the
data ordering documnt, ~cal manuals shall include sufficient drawi”gm to permit hip
and shore activities to repair and maintain the “nit without mupplier Os assistance. The
manual shall contain in~tructions for proper I“stallatio” of locking devices .md criteria for
*air r.nanal .

4. QUALITY ASSUSANCE PROVIS IONS

4.1 FImspon;lbilit
y ‘“r W==’

Unlass otheruise s~cifled in the contract or
purchase order, the S.PP1= ● renponslble for the performance of all I“spmctio” req”ire-
mmnto .. c~cified herein. Except al othemilse .pecified i. the contract or order, the

;~PliOr -Y u~e hi= -n or a.Y other facilities m.itabl= for the perforr.mce of the

d
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Iimp-scti.an require~nta Specified herein, unless disapproved by the Government. The Govern-
ment reserves the right to perform any of the inspections set forth in the specification
Vhmre such Inspections are deermd neceeaary to aaaure a.ppliem and merviee. mnform to
pnscribad mquiremnts.

in ac.%~c#%#th~ ordering document included in the contractor order (see 6.1.21.
r.aram. The supplier shall provide and maintain a quality program

b.1.2 Ii addition to the quality program requirements required by the data ordering
document the requirements ~pecifxed in 4.1.2.1 through 4.1.2.2 shall be included.

4.1.2.1 Critical dimensions such as waterbox thicknesses, tube sheet thicknesses, tube
hole mizes, and tube sheet ligament. ~hall be measured. Departures from limits established
by accepted drawi”gn shall be classed as major variatiom. APPrOv.1 cOnaideratiOn of =a50r
variations shall be cmly by the drawing review agency (Bee 6.3) k%ere the dime.sim affected
is.bamed on fatigue analysis or directly related to another dimension so based [for example

... .

the size of a tube hole) , a ‘prerequisite for approval consideration will be supporting cal-
culations dem.onstrati”g the effect of the error o“ the fatigue life. For ~ubmarine conde”-
aera, a 100 percent examination of the tube sheet tube holes and ligament widths shall be
made .

4.1.2.1.1 For submarine condenser imer tube sheets, tube holes which are over 0.631
inch innide diameter (id.) up to and including 0.641 inch (id.) shall be classed as mimar
Variation. The DCAS or Supervisor of Shipbuilding han authority tc approve these oversized
holes provided their mmber does not exceed 4 percent of the total number of tube holes in
that sheet and provided the minimum 1i9ament thickness (see 3.2.13.3) i. ❑aintained. These
over~ize holes shall be tubed with selected tubes meetiq sp.acific.ationreq”iremmtr, except
havi”q an o.d. of not less than 0.624 inch. Tube hole machining deviations shall be con-
pleteiy documented on drawings which shall be included i“ the technical manwil

4.1.2.1.2 Accuracy of registrati.m and alimxmmk of holes for tubes i“ double tube
sheets shall be established at final assembly of outer tube sheets by gaging the amount of
offset of the centerlines of matching pairs of holes. Centerlines shall not be offset more
than O.006 incbe8 for more than 1 percent of the sets of corresponding inner and outer tube
sheet holes. Sample inspection is acceptable.

4.1.2 .1.3 For surface ship ccmdemer inner and outer tube sheets , tubes holes which
axe over 0.633 Inch id. “p to and i“cludi”q 0.641 inch shall be classed as mimr variatiom
P,Ovided 1i9.me.t widths at the oversized hole. meet or exceed the minimum 1i9ament require-
ment (see 3.2.13.31. The DCAS or Supervisor of Shipbuilding has the authority to approve
thene oversized holes provided their number does not exceed 4 percent of the total number
of tube holes i“ that tube sheet.

4.1.2.2 For submarine sea water cooled condensers, the foil.awingitems are designated
am critical materials. Each of these iterm shall have material traceabi Ii ty i.c1udin9 heat
lots, chemical and physical test reports. Critical m.sterialsshall bc dcsiqnatctlon drawings
and shall consist of t-hefollowirq :

(al Tube sheets (both im. ?rand outer] .
(b) Sea water vent and drain connections includi.q double tube sheet void space

Ve”tr?and drains.
(c) Heat transfer tubin9 lthi. tubing shall not be marked for traceability ir2e”-

tification but shall be stored in secured containers and tbc container
identified) .

(d) W.aterboxes i“cludi”g all parts, subparts and access covers.
,,j?) Nuts, studs , bolts and washers , joining sea water co”taini”q parts... .. .

{f) Steam dump piping from co”demer inlet UP to but not including replaceable
dis.sipatori.”

(9) Perm”e.t tube pluqs i“.1.di”q blind nipples [S.C 3.2.16.51 .

4.2 T&s~.

4.2.1 Hydrostatic.

4.2.1.1 shells of type IV condensers designed as vent condensers for ship ,s h.mtinc?
drain system-sand provided with an after condenser for the air ejector shail be tested to

a hydrostatic pressure of 30 lb/in2g before tubes are instal lad. k%en waterboxe5 arc fur-
nished with the condenser end are a-vailable at t!,= time of test, they may be used on the
condenser for performance of the test. If not furnished or available, blank fian~es shall
be used over
C.eparately.

the tube sheets. IIj’drostatic t..; ball b. appli.d to tlm two shell sections

jj

●
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4.2.1.2 Stud holes which penetrate through the tube sheet an described in 3.2.13.5.1
shall be hydrostatically tested to the highest test pressure for either side of that tube
8heet before the tube sheet is tubed.

4.2.1.3 For condensers with single tube sheets , after installation of tuba, . hydr.a- d

static pressure of 30 lb/in2g shall be applied to the condenser shell, and all leaking tubes,
or tube ●nd ]Olnts shall be corrected. 1“ the ●vent of leakage i“ the shell welds, repair.
Bhall b-e u.adeto the welds in accordance with accepted drawings and proc.durea , .u:h repair.
to include removal and replacement of tubes to the extent that requireuenta for internal
access nectissitake.

4.2.1.4 For.Co”de”sers with double tube sheets, after install.atio”of tubes , a hydro-

static pressure of 30 lb/in2g shall be applied to the condenser shell and any leaking tubes

shall be replaced. For submarine condensers the 30 lb/in2g hydrostatic test press.re shall
be increased as nece*mary to demomtrate that no damage to the condenser shell will result
from the c.mditions described i“ 3.2.8.2. Drain comectiom for the spaces between the double
tube sheets shall k exa!nim?d for draimage of water leaking between the tubes and the ttie
holes in the imer tube sheets due to inadequate expe,mion of the tubes i. the tube sheets.
Such letiage shall be corrected by minimum possible rerolling ef the tubes , to avoid excessive
cold working of the retal. 1“ the event of leakage i. the shell welds, repaira shall be
made to the welds in acc.arda”cewith accepted drawings and proced.rea, such repairs to include
rewval and replc.cementof tubes to the extent that i“termil access 1s required.

4.2.1.5 Sefore or after the test of 4.2.1.4, for condensers equipped with double tube
sheets, the specified water side hydrostatic teat pressure (see 4.2.1.6) shall be applied to
the spaces &tween the double tube sheets. The expanded tube ends in the .a.ter tube sheets
shall ., examined for leakage. Any leakage shall be corrected by rerolling the individual
tsbe e“d.

4.2.1.6 Unless otherwise specified (see 6.1.1) , a hydr.aatatic presBure of 30 lb/in2q
shall be applied to the sea water side of cmdensers for surface ships. ffydrostatic test
prems.re specified [see 6.1.1 ) shall be applied to the sea water side of condenaera for
Submarines. kny leakage in watcrbox welds or gasketed joints shall be corrected.

I 4.2.1.7 For steam dump or auxiliary exhaust assemblies , the hydrostatic test pressure
ah.allbe applied to that portion of the as.embly between the inlet to the conde”aer and the
last internal connection which permit. installation of a test bl.mk.

I 4.2.1.8 Satisfactory C.Xnpletionof the tests specified in 4.2.1.1 through 4.2.1.7
shall be demonstrated following any tube rerollinq or replacement, weld repair, gasket
replacement, etc. , required by the aforementioned tests. Performance Of .S”ytest specified
i“ 4.2.1.1 through 4.2.1.7 more than 5 times is “ot permitted on submarine Co”de”ser. with-
out approval of the drawing review aqe”cy. However, a screening pressure mat greater than
the design pressure (see 6.1.1) may be applied Without limit prior to final hydrostatic
Pr=s~.r~ b=,n9 aPPli.d.

4.2.2 Perfc.rma”ce .

4.2.2.1 After installation i“ the ship, the mndemers shall be subjected to . p..-
forma”ce test at full-power. For types 1, 11 and 111 condensers , thin test shall I“cl”de
a check and correction of all vacuum leak. and a check of the oxygen content of c.andemate
for at least one full-per rm. For type IV Co”de”sers , satisfactory Cc.ndem!ati.a.of steam
a“d ccoling of the air shall be determined.

4.2.2.1.1 The abml. te pr.ss”m [inches of llq)req”ireme”ts specified (see 6.1.1) a“d
U,. co.demate depression (see 3.3.2.51 nh.?.11be detcrnii”ed. If the temperature of the cir-
c“latinq water OLI:ai.nblcat the time of teat is “ot 75°F as specified, the absolute pressure
(inches of Hq) M9L. L.1..!Jby tllcmain condcnner under the specified Conditiom ehall be
corrected to that corresponding to 75-F in the following manner:

(a)

(b)

Trial data required:
(1) Condoms. r pr.ss.r..
(2) Sea water temperature. - - .- -. - .- - - . . . .. . . . . _:.
AsSump Lions:
(1) ,Trialcc.ndi tie” heat reject ion q“als corrected ccmdi tion heat rejeceio”.
{2) Trial water veloclty through co”denaer tubes equals ,denign water velocity.
(31 Trial cleanliness factor - 1.00 - F1

t

36
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(c) symbols :
(1) All nymlwlm are the name as those indicated on Design DattIsheet

DDS4601-1 , except as follows :

9 . initial temperature difference, ●P
[By definition e - T. - Til

Subac?ipt ‘T” refers to trial condition
Subscript ’75- refers to 75 degre. condition

(d] Eerivatio”s :
(1) Q - 500 G(TO - Ti)

From mssign Data Sheet DDS4601-1,

t-t++.e~
so

,.. . .,
# [2) (t. - ti) - (t~ - (t. - to) - ti)

lto-ti)-t. -’i -’i ,.e(l -e-a)
i

e“ -a

therefore ‘T - ‘to - ‘i]T
- ‘T(l - e ‘T

55 ‘to - ‘i)75
e,~il - e-a)75

But basic assumption is that QT - 975

(.1 Then eT(l - e-a)T - e75(1 - e-a)75

●
[t* - ‘i)T(l - ‘-a)T - ‘ts75 - 75) ‘1 - ‘-”)75

It ( 1 - ●-a)T
S,5 - (t, - ti)= + 75

‘1 - ‘-’175 I
mere : a - ~: Design Data Sheet DDS4601-1

500V

UC-2’1XF2XF3 X267

1“ sO1ving for {1 -

1. solving for (1 -
.., ,.-.. . . . ... .

~; Design Data Sheet DKIS4601-1.

-a
e FIT - ~.oo

‘T.

e-a),5
Fl 75. %

. . . .,

11 - e-al,5 can be dece.mmed from the -.d..s.r desiv.

(1 - .-”)T shall be computed during the trials since the trial sea
water temperature is required for 2’3

T.

4.2.2.1.2 1. the case of type, 1, 11 and :;: condensers for submarines. .Iz.ilar
correction to 65-F inleL water temperature sm.!: be made.
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4.2.2.2 ~en specified for condensers which are to be fitted with steam dumping con-
nections, a shipboard steam dump test shall be conducted during power plant testing. Test
shall ensure that proper steam dumpi”q can be acccmpliahed from zero PQwe. levels to full- 1
power condition. During the performance of the test there shall be no faulty operation of
~-ndsr.ser instrumentation, detrimental vibration which could lead to structural failure, cm
erosion of condenser internals unless such internals have bee” made purposely replaceable ●
or have been given added allowances in Consideration of the er.asio”potential. Such replace-
able parts shall be designed for 2000 hours full-power steam dumping. Design life of 2000
hours actual opsraticm for replaceable parts shall not be c.amtrued or Interpreted as a
warxanty zeq”izeuent or Othemise affect the ma”” factuer”s w.arra”ty if the desi.q”is
adequately justified. In accordance with 3.2.11. the design of the condenser shall be such
that high velocity steam or entrained moisture shall mm cause erc.sio”or impi”gemmt damaqe
on the tubes. The vendor e.hallensure that baffling a“d the location of the steam dump will
erOvide adequate drai.a9e Of cO.de.sate tO the hOtwell. The vendor shall be responsible for -
evalwxtion of the test data obtained during the nteam dump performance test. steam dump
performance test duration, M“ditiom , instrumentaticm and acceptance criteria shall be as
specified (see 6.1.1)

4.2.3 Proof test. For submarine ccmde.sers which will be subjected to full subm.r.qe”ce
pressure, the structural adequacy of the inlet-outlet w?.terbox or a scale model thereof shall
be verified by a proof test if the configwatio” or other factors of the design are such that
proof testing is required by SDB-63. If required, the proof test shall consist of a quali-
tative survey of the waterbox, utilizing brittle coating latresn coat or its equivalent) ,
or pbotostresn (molded birefrimgent c0atin9sl tech”iq.es as deemed suitable, i“ order to
determine the location of maxim,umstrain. Quantitative measurement of the magnitude of
maximum principal Strain in the waterbox shall be obtained from strain gages of 1/8 inch
gage length or smaller. W.aterbcm loadings shall be comprised of a Combination of design
submergence pressure in Conjunction with the piping reaction load (that load which prod”.es
the highest Btress) applied to the “Ozzles. The nozzle loads shall be calculated as specified
1“ 3.2.15.4.1.2. A loading jig i“c.arparati”gmechanical or hydraulic jacke shall be provided
to induce external loads 0“ tbe nozzle f lanqes. The followinq C.and.ir,atior,sof loads shal1 be
applied :

(a) Internal pressure and exterml piping load (that pl.pimgreaction load which
produces the highest stress) applied to O“e flange.

(b) Internal pressure a“d equal external loads (that piping reaction load which
produces fh. highest stresBl applied to both f1..9.. .

4.2.3.1 Since the anq”lar Orientation of the applied bendi”y Irams”ts to give the max-
irdnmstress for each load combination are unkrrswn,and the location of maximum mtrer.s is also
unkmw”, the angular Orie”tati.ansof the applied bemfi”g MOme”ts for load .Ou.binati.ms1 and
2 shall correnpnnd to increments of 45 degrees c,r.a.”dthe nozzles from O to 360 degrees i“
the first run,and a minimum of 9 degrees increments shall be used in the 45 degree ❑.aximwn
stress sector ,. the second run. The locaticm, n!aq.itwfe and direction of the maximum pri”- d
cipal strain (stress} can be determim?d by brittle coating or photos tress, but m.st be checked
with electric resi~ta”ce Strain gages. If the maximum r.mge of strain (stress) intensities
thus determined in any location of the wate.rbox (by either load combi”atior,of 4.2.3(e,) or
(b]1 doe- not exceed the allowable strain (stress) inten.ity ranqe for a 20,000 cycle life
as determined by the Modified ccadu.m Diagram and Fatiqw cmve for the particular material
involved, the waterbox design is acceptable. The contr.actoz shall submit to the drawi”q
review agency a“ O“tli”e of the test procedure to be used, describing test fixtures, proposed
imtrumentat!cn and procedures im-olved. APPIOVal of the test rxo:ed. res, apparatus, and
models are required prior to test performance. The GCAS or S.pervlscm of Shipb.ildimq shall
~nitor the set;up for test, procedure., and taking of data. Certification that a proof test
z“ .Cc.arda”ce with the above has been previowly performed o“ equipment identical to that
f“r”ished hereunder wi11 s“f fice for the above req.iceu.mts .

4.2.3.2 Fatiqw tent. AB e.”alternative to the proof test of 4.2.3, the capability of
the i.letlo.tlet waterbox to withstand cyclic loadi”q may be demonstrated experimentally
govermd by the procedure outlined i“ Article 111-10, paraqrapha 1080 to 1005, of SDB-63.
The wgnit.de and oritmtation of loads to be applied in the fatigue eval.atio” shall be as
dotenr.im.dfrom 4.2.3 and 4,2.3.1.

For ea.h cmdem. r design for a nuclear prupelled ship there
4“2”4 ‘tie ‘+”.nhall be subm=ed to t e draw,”g ~eview .q:nCy for .PPCOV.1 ~ t~~ r.a~?i?qprocedure applic-

able to the IMteriala, tube size a“d wall, IOtnt C.anfig”rataon aml Speclflc equipmmt .aed.
This procedure shall be Supported by data derived from mock-up test work to den’mstrate the
adequacy of the tube rollimq procedure. The procedure with Subst,mtiati”q data Bh.111gmran -
tee tightness against the preflcribedhydrostatic test presnwe a“d minimum pullout .md pusho”t
fore.a equal to the yield Stre”qth of the tube. The Ini”imumacceptable tube wall reduction
nhall b% determined and prescribed. The maxinwm limit of tube wall reduction [limit where
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a tube in setvice should be replaced in lieu of being rerolled further) shall be entablic.hed
for ino.rticm in e..q”ipm”tmanual for guidance i“ corrective maintenance=work. Tbe IMXi -
mum acceptable “shop tube wall reduction- shall be determined for use as a production conttml ,
this value being set to inmure ability to reroll the tuben at least three times for correc-
tive maintenance pwposes. There shall be inmerted in the equipment manual the recomnded
increment of additional tube wall reduction for the respective rerolliny. The mock-up
test shall be comprised of a tube (or tubes] rolled into plates of the same thickness and
material as the inner a“d outer tube sheets respectively. The joint configuration, ttie
size and material shall conform to the specific equipra”t used. A jig, for use in a tensile
test machine shc.li be provided for application of forces to the tube sheets. The supplier,
i“ his report shall furnish plots of pullout a“d p.shout forces Vera.. linear deflection
❑emured from the i“”er BUrface of the outer tube sheet to the i“”er surface of the i“”er
tube shc.et (t-hat is, the change of lemqth i“ the distance between tube sheets) Tube elo”-
qation (growth) shall also be measured upon completion of the pullout test. k fitrai.gage
shall be installed in the lo”git”dinal axis of the tube, located at the midle”gth of the tube
between the double tube sheet-. Force versus strain shall be plotted for every imcrerte”t
of 100 pounds of force. Any portion of the above test which has beerpreviously performed -
for equiprm”t identical to that being f.r”ished hereunder need mt be repeated.

4.3 Impact test.. Steel material for Subrnari”econdenser i“m?r t,tieBhe.tB shall meet
the fracture toughms~ requirements of NB2300 of Sectim 111 of the ASUE 8oi1er a“d Prensure
Vessel Code. 1. no case shall the reference temperature (RT ~DTl be higher than minw 30.F.

4.4 Shock tests.——

and ~~~~~ s%% %%%%% to high-imp?.ct shock testing in accordance with MIL-S-901
Wlen specified (see 6.1. 1) , o“e c.xde”ser of each size, type

i“cl.dinq post shock examination cmd te,t a“d accomplishment of such corrective measures
an may be found “ecen=e.ry.

4.5 Nondestructive inapeeti.an,

4.5.1 Castimga. When cast comtructio. is elected for subrnari”ec.mdemer waterboxes
subject to submergence presnure (see 3.6.1.11 the inspections specified in 4.5.1.1 and
4.5.1.2 shall be carried out.

4.5.1.1 Castings shall be give” 100 percent radiographic inspection i“ C.ccozdame with
MII.-STD-278.

4.5.1.2 After machi”inq, castings shall be give” 100 percent liquid pe”etrant inspec-
tion in accordance with uIL-STD-278 except that .0 indication ~hall exceed O.0S0 inch in
&pth

4.5.2 Expa”ni~ joi;ts. Nondestructive testing shall be employed to assure the
integrity of expam on p “ta (see 3.2.9.3.1) prior to i“stallati.m .md of the welds made
for their i“atallatio”.

4.5.3 Tube sheets a“d w.aterboxes. For Submarim co.den~ers , welded or forged water-
boxea over 3~n~c~and tube sheets -hall be ultrasonically i“spect=d i. accordance
with HIL-STD-271. Acceptcmce criteria shall be as specified in the applicabl= ❑aterial
s= CiflCatiO. for waterboxea and O.ter tube sheets and 141L-S-23194 for inner tube sheets.
Areas , which by design Conflq”ratio” do “Ot permit ultrasonic inspection, may be omitted if
specifically approved by the drawing review aqency. Areas ●xcluded from inspection shall
be noted cm desiqn drawinqs.

4.5.4 For submarine emdensers , waterboxen and outer tube sheets shall b. liquid pe.e-
,~EaQJ ~,?~peS.$ed,-o_n-the.final machined. surfaces . Inner..,t.besheet of .B.bmarine.co”demers . . -
shall be magnetic particle inspected. Drilled or tapped holes do “Ot require liquid pem -
tra”t or magnetic particle i“spectic.”. Inspection and acceptance criteria sha] 1 be as speci-
fied in the applicable material specification for waterboxes and ou,ter tube sheets, c.ndMIL-
S-23194 for inner tti sheets

4 .5.5 Permanent tube plug,. Each Pcmmcnt tube PI uq for ““cl.., PrLIP.lleLIsurface
ship a“d submarine c.a”densersshall be subjected to a minimum internal hydrostatic test
equal to the same test pressure req.ircc.for the heat transfer tubes. Each p]”~ shall b.
tight under this pressure and shall show “o bul(jt.s, cr..}...flaws, porous places, or other
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harmful defects. ln addition, each permanent tube plug for mubmarine condensers #hall also
be 9iven a 100 P.=rcut,t liquid pemtrant inspection in accordance with MIL-5TD-27i o“ its
outer m.rface after the hydzoutatic teat.
b-aa. follows:

The liquid peneks.mt inspection ●tandards 8hall

B
Plum tiich show the followi”.a liquid Demtrant Indications nhall be mubiect(.1

.

(b I

{c)

to-rejection:
(1) my liquid penetrant hdicaticms of cracks, Beams, or laps, that Im any

linear type of indication except those which ca” be definitely ●stablished
to the Satisfaction of the drawing review .agemy as scratches whose
depth is less than 5 percent of the wall thickness.

(2) Round indications 1/16 inch diameter or greater.
(31 Round indicati.am which are linearly disposed whcme Center to Center

distance in less than 3/16 inch.

,. . . .

Superficial Polishing with 120 grit ●uery cloth may be used an an aid in
determination of the extent of the Indications defined in (al(1), (2) and
(31. Not mare than 5 percent of the wall thickness may be removed in the

effort to reumve the indications, always provided that design wal1 fhickneas
is maintained.
If the vendor chooses to remove the defects, reinspection of the area Containing
the indication shall be performed by liquid penet;ant Inspection after polish-”
imq, to ?msure that all indications have been removed.

4.5.6 Heat transfer tubi”q for condensers for surface ships =hall be impected by the
.eddy-current - method of tube insp.?cti.mspecified i“ 141L-T-15005.

4.5.7 Heat tran.9fertubing for Submarim sea water cooled cond.msers shall be tested
as follows :

(.) The tube applier shall hydrostatically test the heat tr.msfer tubing i.
acc.azda”cewith the r.squireu,mtsof MIL-T-15005 to the pressure specified,
or at the pr.me.re prescribed by SDB-63, whichever is higher.

(b) Heat transfer tubing shall be eddy-current or ultrasonically tested i“ acc.ard-
ance with NIL-T-15005 except as specified in 4 .5.7.1 through 4.5.7.7.

Ins ection ~$. A lot shall comist of all tubes of the same Conqmsititm,
diamef~~l’~~11~~, produced from the same heat of material, md heat treated in the
&imE batch or by a c.mtimo.s process under the mane cmditions with regard to te~eratur. ,
a“d tima, and subu.itted for quality assurance teBts at cme time.

4.5.7.2 Edd -current or ultra!+o”ictest.
~o~ (nee~l~be tented

Ccmd.mser and heat exchanger tubes, when
by~her eddy-current or shear w... ultrasonic

.sennitivityof the device used for testing nhall be adjusted to detect the artifi-
cial .5iSco”tin.itieson the calibrated tube i“ accordance with 4.5.7.3. Tubes shall be
tested along the ●ntire length and shall have at least 4 inches cut from each end of the
length ofter testinq.

4.5.7.3 Calibrat;vj tube. Tubing used to adjust and calibrate the testing device
#hall be of the same a oy, temper and nominal dimensions as the lot of tube8 to be tested.
It shall be of S“ffieient length to permit spacing of the required artificial diacontin.ities
and also Oimulate pr.acessi”gof prod”ctio. tubes through the testing device. The artificial
dlmco”ti”uities shall cmsist of two electric discharqe machinirwf notches 0.005 inch in
depth or 5 percent of the .Omlnal tube wall , whichever is greater. Each notch shall be
~PPrOxl~telY 0.002 inch in width and,l/~ inch maximum in le.9th arranged parallel to the
l.a”$!ltudi”alaxis of the tube. The first watch shall be placed on the inside Surface of the
tube, 6 inches f corncm. end. The othez “Otch is to be placed i“ lim with the first but
o“ the outside surface, 18 Inches from the saw end of the tube. Tolerance on the depth
of the matches shall be O plus and 0.001 minus inch.

4.5.1.4 Sensitivity netting.

4.5.7.4.1 EddY-CUZIC. L testiny. Testing device shall be adjusted to the lowest semi -
tivity required to repetitively detect the artificial disc.mtinuitiea when the calibrating
tube paases through the testing device at the regular production sPeed (f/ml used i. testing
tubes . . . ..... .. .. ..

4.5.7.4.2 ultrasonic t?+. Ultrasonic transducer shall be so collimated and the
m91e adjusted tO equal ~ze ~CO the ~xim.m extent pOa.iblel tie pe.k re.pO.= frOm bOth the
id. md o.d. .otche#. The lower response [of the equalized Co”ditionl at that angle shell be
adopted as the calibre.;io” reference. Ultrasonic im.trwne”t settings shall be made n.ch that
the peak indication. from the calibration reference are at least 50 percent but not more than
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$0 percent of 12...* full 5crec. .3nq,]itudc.r.. tub,: Lhc search u.it , or both L!,,.tub= an :

search ..1. si,,all be nmved uniformly d.rinq tc$~i.q :. such a nann?r 11,AL Lhe ..-archunit
motxon, relaL,.e to the tuba, describes a h@lix concentric wiLh the t,,be so that ea.!>pass
of the scannimg crystal overlaps the previous mass not 1.ss than 1./2i“clnwhen t,estinato a
1/2 inch calibraticm notch.

4.5.7.5 Recalibration. l’c~tingdevices shall be c.libratcd at the start of the t.=t— _-.—..
run and at least oncu every ho.. of Co”tin.o.. operation or at .I”Vchanqc in sc.arcl,unit,
counlant, instrunm”t ‘settings, or scanninq SPeo!ifrom that .s.J for calil,rarion or whencvar
improper functicming of the testing unit is indicated. If the testinu ,levicc is found to bc
out of calibration, all tubing processed since the last correct ca]it,ratin. check.shall b.
retested.

4.5.7.6 ~~work. Tube. which are rejected by Lhc .dd?-cu. rmt or u]trasnnic inspectiu.
my be visually .X=iined for Swface defects. superficial polishin~ with 120 qriL emery
cloth may be sod to e] iminnte thcs: s.rfacc defects. Not more than 5 percent of the wall
thickness sha M’-be removed. to. IIefin)tely remove the,’i”dicatio.s..,Tubing ..ml}..t.hickms..Bhal1--- - ‘-
mat be reduced below minimum specified will thickness or bol.aw””i”im.m desiqn wall thickness,
whichever is greater. Tubes so reworked .hal1 be reinspect-d by the same tr.st method that
originally rejected the tube.

4.5.7.7 ,~c~a~~$ ~r.i~e~i~. After final inspection has he.. ?rformed, tube. which
have defects 1. excess of those determined by calibration of the tentin? device in accordance
with 4.5.7.3 ehall be mubject to rejectin”.

4.5.0 Solder coated sections of wat.rboxes shall bc via..-.llyexamined to v.rify :h.at
nurfa.en are completely covered. solder coating shal1 be checked by micrc.meteror by naski..
an area with tape to be removed after .prayin3 and checking the thickness, then res.>raving.
Thicknema ehal1 be checked in one place for each 10 square feet of area coated, but no less
than two places for each item coated.

4.5.9 Welds of surface ship fabricated Waterhoxes, exc.pt .tiffe”inq rib welds, shall
be liquid penetrant inspected to the requirements of NIL-sTD-278, aft.. compl=tirm of .11
welding operations.

4.6 Add.~tional impeec~&q. Unless otherwiw! npeeified in the contract or order, where
other mpec~catzc.nn ~orm a part of thim spe.ificatio”, Bampling, examin.tire”,end tests
snail b= P.arforuadan required by the refere”ccvf specific ati.a”.

4.7 lns ection of preps.rg}j~~ :o.r d?.1iv: rl.
+“”

Pc.ckagi”q, packi”q and merkinq shall be
inspected or .x.mie.i-c”eulth nection 5 of thta dncu~. t.

5. PREPAWTIQN FOR DELIVERY

(ThO preparation for de]iv-ry requirements specified herein apply 0.1Y for direct
GOv-arnment proc.re~rtt. . For the ●xtent of applicability of the c.repar.?ion for delivery
req.irau.mt. of referenced docurmnte Iieted in nection 2, see 6.3. )

5.1 Prenervc.tie? ~nd pa~k.aging. Prem.rvatim and packagi”q shall be level A cm c as
specified ~c.ea6.1.lT.

5.1.1 g.eel ~.

5.1.1.1 Comden#ers. condensers .hal 1 be cleaned and dried to met the clean li.es.s
requirements of MIL-P-116. Itmrmdiatelyafter .Iea”ing, a“d dryin~, all internal st.e] s“r -
faces shall be preserved uinq grade S of M[L-C-16171. Prefivrvative nhal1 be applied and

,.- ... ..the..condenser..handled in such a manner as to prod”.. a uni form protective ,.fllm.’--1:xces6ivo,,,. .. .. . .
u.e of the prec.ervative shall he avoided . Aft.?rcompleticm of presorvati.an, the excess
Preservative ah.11 b. thoroughly drained from all low places and pnckets. E.tern.-l.,-painted
ferrc.u. .sUrfacee ouch .s flc. ”qe faces .md bearing s.rfac.s sh.al1 be coat-d with pre%erv. tivc
Co”formi”q to grade 4 of NIL-c-16171. Closure of openings ah.allbe by attaching steel plat..,
with qaskets or 3/4 inch weather resistant plywood bolted to flanges. Barrier material
conforming to 9radc A of rilf,-B-121 or class 1 of MIL-D-111 shall be placed batwer. the rely.
wood a“d flangc

5.1.1.2 ~c_c?ssories. Gages and t“mpcrature indicators shall be unit pafika..,iby .n.-Lh=?
111 x“ accord?.”..with f41L-P-116 The n.ackaqcdaccessory.. ah,]1 then he packed ,. fiber-
board boxes .0.1.aCminq to PPP-s-6 16, weather resistant class V3C or V3S. fthrr bo.cs shall
be used for domestic shipm..nt and storage or overse. s sh!,.rwnt. Packed ,..-s,.,,.s s!,.,1 L.-
.cc.red .. an u“use,lp<>,Lie” of the co”d..scr sl,.ppinq ..... .
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5.1.2 ~vel~.

5.1.2.1 condensers. Conue.sers shall be CICCI.WLIand dried after which .11 internal
steel surfs.es~~presezved with grade 5 of 141L-C-16171. External unpainted ferrous
surfaces such as flange faces and bearing surfaces shall be protected against corrosion and
physical d.amaqe. Closure of openings shall Lm by attach inq,steel plates with ga~kets or
3/4 inch weather re.$lstantplywood bolted to f Iangcs . Sarrler material conforming to qrade
A of MIL-f3-121or class 1 of MI L-D-131 shall b, placed between the PlyWfXIdand flange.

5.1.2.2 AcceSSO.i.2S. Preservation and packagi.q shall be sufficient co afford ade-——
q.ate Protection .9alnsL corrosion, and physical dandge du.inY shipme~t~rfm the.supply
,so”rce to the.“Si”q activity.an-duntil early in.sLal’l~ti.o”... .. . . ..

5.2 ~“~. Packinq shail be level A, B, or C as specified {see 6.1.11

5.2.1 Levels ~ a~ ~. Units 30,000 pounds a“d .“dcr shall be individually packed in
crates C.anfoxto M1L-C-104 and the r,ppcndix thereto. For ..it. exceeding 30,000 pounds
or the dimensional limitations of M1L-C-104 the pla””cd packing, hamfling and transportaticm
procedure shall be foraarded to Lhe pzoc”ri”q agency for review. units exceeding 30.000
pounds shall be skidded, uncrated. Thee “.iLs she,]1 be pz.avidedwith a flexible wate C-
Pr-f shrO.d Uterial cenforminq co PPP-B-1055 or f41L-B-13239. Shrowls shall be secured to
prevent damage or Iooseninq emd arranged to avoid formation of water pockets . All sharp
points of contact between the item(s) and shroud sh.11 be cushioned to prevent rupture or
Chafi”q .?fthe shroud.

5.2.2 Level C. Packing of condensers and accessories shall be accomplished in a
ma””er which w1ll ~ns.re acceptance by c.amn carrier and wi 13 afford protecti.a” against
physical or mechanical damage durinq direct shipment from the supply source to the using
activity for early imstallatio. . The shippi.rjcontainers or method of p.acki”gshall conform
to the uniform Freight classification Rules or other carrier regulations as applicable to
the mde of transp-artation.

5.3 ,mna. I“ addition to any special marking required (see 6 .1.1), interior packaqes
and exterior shipping containers shall be marke” in accordance with MII.-STLP129 A tag
identifying the c.ande.sersteam side p.eserv.ative snail be attached to the condenser or its
shippinq crate.

5.4 ~~r p~~ ~d ~o~,.

S.4,1 ~t~c~ ~~air .@T.tE$.@ @J!?. stock rcp.airpartn and tools shall be preserved
and packaqed level A,~cked level s and markeu in accordance with MIL-R-196 or PPP-P-40
as applicable.

5.4.2 g~o~ CP.2L ~a~~? ~n$ L~aIs. f.lnt..aardrepair parts and tools shall be pre -
serveu and packaged level .4,packed level C and marked in accordance with f41L-R-196or
PPP-P-40 .5 applicab~e

5.4.3 gy~n~~~. Er p?c~$g. Unless Otherwise specified i. the contract or order,
repair parts and tools hall be individually packaged ..1.2ssused in sets or quantities
greater than cme. Parts within a set shall b,!individually protected.

6. NOTES

6.1 O_rd~Tj~qd~aq.

6.I.1 Procureuen~ ~SSiFz.~-n.n%. Proc.retnerbL documents should specify the f.allowinq:

(a) Title, number and date of this specification.
(b] Type and .1.ss req.lred (see 1.2)
[c) ship motion and attitude requirements, if other than spe:ifi.=d in 3.2.1.
(d] condenser design operating life,if other than specified 1? 3.2.3.
(e) For SUIMn.arineapplLCaLIOn, req.~ceu,c?”t.for W.terbo. 0penlng5 and any

associated piping cc.nponcnts for the salt. water,si.d.els.ee .3.2.5 and
3.2.15.10.2).

(f) Shock requirements :
(11 Whether or not shock desiy. is required (se: 3.2.7)
(21 For static shock design method, specify mln,mum “y-load” values for

vertical, e.thwartships, a“d fore and aft directions (mee 3.2.7,2)
(31 khether or not concurrent dynamic analysis is required when shock design

Is based upon static g-load values [see 1.2.7.31
(4) h%et_hershock testing is required (see 4.4.1)

[g) For submarine .Pplicati.x, the desiqn pressure, temperaL.re a“d hydrostatic
test pressure on sea water side (s.. 3.2.12.3.2.15.4.1.1, 4.2.1.6 and 4.2.1.81
KMmerve security req.iremenLs)
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!-hat-her, for surface ship, of deep draft, a water side hydrostatic test

Pres.ure 9reater than 30 lb/in29 is required: if so state design maximum
worki”q) a“d hydrostatic test pressure requirements (see 3.2.8.4 and 4.2.1.6)
If known, specify condenser shell limiting dimensions (see 3.2.91.
For U-tub. c.matr.cti.m whethmr the tube bundle shall be removable from the
nhell (see 3.2.9.2).

For Bubm.ari”eapplication, the temperature variations and other tre.mie.ti
to be considered i“ wc.terbox and double tube sheet,,de8i.qn (see 3.2.13.4
and ?.2.15.4.1.11. (Observe secwity requirements] .

For scoop injected surface ship condemers , indicate size a“d weight of ccvn-

Wnent. to be attached to and supported by the inlet waterbox nozzles Isee
3.2.15.7).

Tube wall thickness if other thtm that specified (see 3.2.16.1)
C.a”demer cmnectiem requirements (me 3.2.17.3).
For nuclear propelled ships , whether steam dump cmnection is required: if

so,- specify dump steam pressure, temperature e“thalpy and maximum quantity.
“Also specify.operating cycles.,md maximum dump steam prens. r= a“d temper-

ature (ace 3.2.17.3, 3.2.17.3.1.1 and 3.2.17 .3.1.21bll. Also sPecify u,ax-
im.m design temperature for turbine exhaust flexible con”ectio”fi [if used)
(see 3.2.17.3.1.1).

Full-power steady state co.diti.a”auxiliary exhaust steam flow to the .xI”-
demer [see 3.2.17.3.1).

Maximum iramsie”t”cmdition auxiliary etiau!t mtemn flow to the ccmdemer
{see 3.2.17.3.1).

AuOunts of drains , make-up feed, recirculated condensate, inter-contfe”ser
drains, emd other such heat in-puts [see 3.2.17.3.4! .

Whether envirorune”t.alvibraticm aho.ld be c.xsidered: if so, state mexinnim
e“viromrental vibration i“ hertz [Hz) (see 3.2.201.

condenser arrangement (see 3.3.2.1, 3.3.2.4 and 3.4.2.3).
Nunber of water pas.nes,quantity of steam flow md its enth.slpy from each
turbine exhaust connection and aster” Bt.m temper.qt.re (see 3.3.2.2)

kbsolute pressure (i”cheB of H9) requirements [see 3.3.2.8 and 4.2.2.1.1) .
Inlet Circulating water temperature, if other than specified in 3.3.2.S

or 3.6.2.9 .s anolicable.
If flexible cvnn~ction between Inai”turbine a“d type I mnden. er is funished
with co”de.ner (see 3.3.2.lC 5), include specificaticm there for.

If temperature indicators and gages are to be f.r”ished with C.mdemers: if
so, sizes, types a“d graduations required, as applicable (see 3.3.2.11,
3.3.2.12 and 3.4.2.7.1).

If flexible comecticm for stem inlet is furnished with condemer (see
3.4.2.4) . include specificatim therefor.
For glmd leak-off or Vent steam comlem!eis; .CxX”t of steam to be cmdensed.
amount Qf air to be Veined, and maximum Cemperc.t”re of ve”tmd iir if other
than am specified (see 3.6.2.6).

For submarine combination after a“d gland leak-off ccmde”sers , temperature
of air vented if other than that specified lace 3.6.2.0) .

Number of submarine condenser pcrmane”t tube plugging tool sets required
[Bee 3.9.21. (It is intended that Lhe tool set for aubmdrine co”denaer8
be carried by the appropriate sub tenders a“d repair yard [s) ) .

For condenser. of r..e2eiIr propelled ships which are to be fitted with steam
dumpi.q connections, whether a steam dumping test is required, md, if so,
the mmb.z.rof hours d.ratio”, test cmdi tires , special i“strum.”tatio”,
a“d acceptance criteria for th. test (see 4.2.2.2)

Preservation , packing a“d marking requircm.e”ls:
(1I Leve~. @f Pr@s.r.~tio. . P~cka9i.Y a.J Packing required [see 5.1 .“II5.2)
(21 SWCI.1 marki.q requirements (see 5.1)

. . . . . . . . . -._.... . . -- . ,. ... ... ..... .,..”. . ..---’...-= - : . ...-. ...... ...... .. . . . . . ..... .. ..

6.1.2 c.antrnc~d~ FcqFiJcw_._t?. Iv%..t-hisspecificati<,”1S used in a pracur?me”t
i.vokimg the provist. msof Armed Service Proc.rcnent Regulations IASPN) paragraph 1-1114.9[Ii)
and which incorporates Alm Form 1423..[CDM.I, the fol 10win9 data itcm should b. spc.oified
a“d delivered in accord.+....wiL1,such CURL. When the ALIVhpcovisio”s arc not invoked ,
the fO1lOwimJ data should be qmcified for delivery in accordmce with cl,.contract or
order:

5P=.. U.t. APP’1icai,l..
Paragraph req.irenerit >..~@: QIQ X: Lo@

(a) 1.9 Provis,o”in,,part. list 511 u131-v-2n78 O’piion 4
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Spec. Data
Paragraph requirement

(b1

(cl

(d)

[e)

(f)

(9)

3.10 Engineering drawings
and associated lists
(preliminary)

3.10 Technical mmu. al

3.10 Technic&l manual
quality assurance
daC.

3.10 ;4icr0film. aFrf.ure/
tabulating cards
and llsti”g

3.10.2 DeBig. report

4.1.1 Q;ua~ty program

Sll UD1-E-23174 Categories
A, B, D, G.
H, 1. TYP=S
11 and 131,
form 1
Blueli”e
print type
11, clasa 1

S1l UD1+2-23455 Para 10.lb(l)

SH D1-H-2051 Par. 10.Za

Sll UDI-E-23140 Pc,ra 10.2.1Z4
Para 10.2.lb
Para 10.3.2

S1l UD1-E-23213 -----

S1l UDI-R-23743 -----

[Copied of OID, a required by the contractor in connection with specific procurement
functions should he obtained frcm the procuring activity or as dir=cted by the c.antractinq
officer. Unlesn ofherwiae indicated, the issue in ●ffect 0. date of Invitation for bids
or request for proposal shall apply. 1

6.2 Definition - ~w~?g review agency. A. used herein ‘drawiml review agency- is
generally a Goverrtremt COmm.md or agency ~.ch as Naval Sea Syntems Comma”d, Naval Ship
En91neering Center, a supervisor of Shipb.ildinq or an authorized repreae”tative. Co!nm””i-
Cation with the drawir,qreview .aqency should be handled throuqh the procuri”.+ activity

@ 6.3 Sub-contracted material and ~t~. The preparation for delivery requirements of

I

—.
referenced docummts Iiated in sect,io”2 do not apply when material .md parts are procmed
by the supplier for incorporation into the eq.ipmmt and lose their separate idmcity when
the eq.iptmnt is shipped.

Preparing activity:
Navy - SH
lPrOject 442Q-N017)

44

\
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INDEX

,

! ___ . -.—
. .

P

..-----,.

Access openings, handholen, manholes
Condenser Shell.... . . . . . . . . . . . .

Waterboxm . . . . . . . . . . . . . . . . . .

AdditiOmJ1 inspection . . . . . . . . . . . . .
Air baffle . . . . . . . . . . . . . . . . . . . . .

. . .

. . .

. . .

Air cooling surface . . .
-Ie”t, pressure, submarine rn”de~n~r~-~ . .... . .. . . . . .

.= & L_< -2..-

A@icabledOcuma”tn. . . . . . . . . . . . . . . . . . . .
Auxiliary exhaust . . . . . . . . . . . . . . . . . . . . .

Aolt torque . . . . . . . . . . . . . . . . . . . . . . . .

Bolting
Material . . . . . . . . . . . . . . . . . . . . . .

Internal . . . . . . . . . . . . . . . . . . . . . . .
clearmce . . . . . . . . . . . . . . . . . . . . . . .

Brackets, supporting . . . . . . . . . . . . . . . . . . . .

Capscrewm twidcap bolts.. . . . . . . . . . . . . . . . .
Camtingm . . . . . . . . . . . . . . . . . . . . . . . . . .
Clams of fit . . . . . . . . . . . . . . . . . . . . . . . .
classification .... . . . . . . . . . . . . . . . . . . .
Condensate recirculation . . . . . . . . . .,. . . . .
Candenaate well . . . . . . . . . . . . . . . . . . . . .
Condenser design... . . . . . . . . . . . . . . . . . . .
corm.ctionm . . . . . . . . . . . . . . . . . . . . . . . .

Auxiliary exhaust.. . . . . . . . . . . . . . . . . .
condensate recirc.latio” . . . . . . . . . . . .
Exhaust (turbine)... . . . . . . . . . . . . . . . .
FOrintmductiO” Ofwat.3r . . . . . . . . . . . . . . .
Turbina dr.aln. . . . . . . . . . . . . . . . . . . . .
lntercan&nmer drain . . . . . . . . . . . . .
Sfeam dump.....::: : . . . . . . . . . . . . .

Contract data require=ntn . . . . . . . . . . . . . . .

Data:
ordering . . . . . . . . . . . . . . . . . . . . . .
Technical . . . . . . . . . . . . . . . . . . . . . . .

Definition - drawing review agency . . . . . . . . . . .
uelive~, preparationof . . . . . . . . . . . . . . . . . .
Design:

Cnndanmer . . . . . . . . . . . . . . . . . . . . . . .
Genera l........ . . . . . . . . . . . . . . . .

3.2.9.5.2,
3.2.11.1,
3.3.2.10.3
3.2.15.4.2,
3.2.15.5,
3.2.15.5.1,
3.2.15.5.2,
3.2.15.5.3
4.6
3.2.10
3,2.10.1
3.3.2.5.1
‘3.2:e.2 L..
2.
3.2.i7.3.l

..

i2
13
26
18
1%
19

;;
41
12
12
25-.

,10 ...”
!l
21

. .
3.2.2.1.1,
3.2.13 .5.1 1:

3.1, 3.>.2.4.4, e.”d
3.2.14.1.2

...

3.2.2.4.3
3.2.7.1.1
3.2.9.4

3.2.2 .1.1
4 .5.1
3.2.2.3
1.2
3.2.17.3.3
3.2.12
3.2.B
3.2.17.3
3.2.17.3.1 -
3.2.17 .3.3
3.3.2.10
3.2 .17.3.4
3.2.17 .3.5
3.2.17.3.4
3.2.17 .3.1
6.1.2

6.1
3.10
6.2
5.

3.2.B
3.2

,...-.”-p’’r=” ”””-””:””’”””’”””””” ““”” 3“10”2Sh~.-r,i.ista”t-.-.Y ...... .............-..-......=.,.............

Double tube mheet meal :
,.-3:2.7.1---------

Wddmambram .. . . . . . . . . . . . . . . . . . . .
.!z~awi.ngrevi.aw .59e.q:

Cwfinitian . . . . . . . . . . . . . . . . . . . . . .
Drawings. . . . . . . . . . . . . . . . . . . . . . . . . .
Dym.micanalymi.. . . . . . . . . . . . . . . . . . . . .

Eddy-current or ultrasonic tent . . . . . . . . . .
E“viromental vibration . . . . . . . . . . . .
Erosion, ●xternal tube wail” I I I I . . . . . . .
hthaustconnection. . . . . . . . . . . . . . . . . . . . .

Flexible connection.. . . . . . . . . . . . . . . . .

3.2.13.2.4

6.2
3.1o.1
3.2.7.2.3

4.5.7.2
3.2.20
3.2.17.3.6
3.3.2.10
3.3.2.10.4
3.3.2.10.5

4,”’Li
and
17
a.
9

12

6
39
6
1

“23
13
10
21
21
23
26
23
23
23
21
43

42
32
44
41

10

-3;
-.. -.9~-- ------- ...

14

44
32
10

40

24
23
26
26
26

45

,-

Downloaded from http://www.everyspec.com



MIL-C-15430J (SHIPS]

INDEX, cc.nt,d

Thermometer indicators and gages . . . . . . . . . . .
S:curing to turbine, bc.it@, gasket . . . . . . . . .

KxpansLo”, tubes, shells, provasirm for . . . . . . . . . . .
Expannio” points . . . . . . . . . . . . . . . . . . . . . .

Fatigue . . . ,. .:.. . . . . . . . . . . . . . . . . . . .

Fittings . . . . . . . . . . . . . . . . . . . . . . . .
Planqes, rnn:e”ser shell. . . . . . . . . . . . . . . . . .
Pllulqes,waterbox . . . . . . . . . . . . . . . . . . . . . .

Flexible connection between turbim md condensers . . . . .
Pc.rcesm waterbc,x mazzles :

.submarin econde”sers . . . . . . . . . . . . . . . . . .
Surface ship condensers. . . . . . . . . . . . . . .,

Paragraph

3.3.2 .10.6
3.3.2 .10.2
3.2.9.3
3.2.9 .3.1 and
4.5.2

3.2.8.1
3.2.9.3.1,
3.2.13.4,
3.2.15.4.1.1,
3.2.17.3.1.2,
4 .2.3.2
3.2.17
3.2 .9.5
3.2.15.10,
3.2.15.12
3.3.2 .10.4

3.2.15 .4.1.2
3.2.15.7

Gage, liquid level.... . . . . . . . . . . . . . . . . . 3.2.17.2,
3.2.17 .2.1

Gc.gem,pr.avision for.. . . . . . . . . . . . . . . . . . . 3.2.15.9,
3.3.2.10.6

Gaaketn . . . . . . . . . . . . . . . . . . . . . . . . ...3.1.
3.2.13 .2.3
3.2.13.4.1,
3.2.15.3,
3.2.19

Generaldeaign . . . . . . . . . . . . . . . . . . . . . ..3.2
Ge”ere.1rules for applications . . . . . . . . . . . . . . . 3.2.2.4
Guld= pins . . . . . . . . . . . . . . . . . . . . . . . . . 3.2.15.4.1,

3.2.15 .4.1.5

Heat trmsf=r rate... . . . . . . . . . . . . . . . . . . 3.3.2.9
Heat tra”.fer tubing [for submarine, ) . . . . . . . . . . . . 4.5.7
Heat transfer tubing [surface ships) . . . . . . . . . . . 4.5.6
Hydrostatic test.... . . . . . . . . . . . . . . . . . . 4.2.1

ldentificc.tionplc.ces. . . . . . . . . . . . . . . . . ...3.7
Ilr,pacttest..... . . . . . . . . . . . . . . . . . . . . 4.3
Impi”ge!nentbaffle &Big. :

Auxilia~exbaumt . . . . . . . . . . . . . . . . . . . 3.2.17 .3.1.2
Dr.ai”cnnnec ti.am. . . . . . . . . . . . . . . . . . 3.2.17.3.5,

3.2.17 .3.6.1
Stean dump . . . . . . . . . . . . . . . . . . . . . . . 3.2.17 .3.1.2

lmpinge~”t baffle material . . . . . . . . . . . . 3.2.17.3.6.1,
3.3.1, 3.4.1,
and 3.6.1

Impi”qeme”tbara or tubes . . . . . . . . . . . . . . . . . . 3.2.11.1
Inspection, additional . . . . . . . . . . . . . . . 4.6
l“sPection, mndestructiie” . . . . . . . . . . . . . . . 4.5
I“spectio”. preparation for delivery . . . . . . . . 4.7
I“tercondemer drain . . . . . . . . . . . . 3.2.17 .3.4
I“ter”al bolting . . . . . . . . . . . . . . . .“.”,”.”,”,” 3.2.2,4.3

Joi”tc., expansion . . . . . . . . . . . . . . . . . . . . . . 3.2.9.3.1 and
.. . .4 .5.2

Length, orderi”q, of tubes
Lid= . . . . . . . . . . . :::::::::::::: :::

3.3.2.13
3.2.3

Lecking devicea . . . . . . . . . . . . . . . . . . . . . . . 3.2 .2.4.4

Marking. . . . . . . . . . . . . . . . . . . . . . . . ...5.3

?!?9s
26
26
11
12 and
39

10
12
15
10
22
30
21
12
19
20
26

18
19

;:
19
26

1:
15
17
24
4

1:
18

26
40
40
35

30
39

22
23
23
22
23
24, 27

and 20
12
41
39
41
23
8

12 a“d
39

e

*
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INDEX, cent,d

Paragraph ‘ ~~~

3.1, 3.3.1, 4, 24,
3.4.1, 3,5, 27, 20
and 3.6.1

materill.. . . . . . . . . . . . . . . . . . . . . . . . .

Nondestructive inspection . . . . . . . . . . . ... . . .
Notes . . . . . . . . . . . . . . . . . . . . . . ,,, . .
Nozzles ,

Shell . . . . . . . . .. . . . . . . . . . . . . . . . .
Waterbox . . . . . . . . . . . . . . . . . . . . . . .

4,5. 39
6. 42
3.2.9.5 .... ,.:.:

12 .
3.2.15.1.1, ,. ,,.,.. 17,
3.2.15.4.1.2, 18,
3.2.15.6 and ...19
3.2.15.7

-... . . . . . . . . .
Onbaard repair parts and toc.lm .-’.. . . . . . . . .
0Wnin9e fOr introducing yater into shell . . . . . . . .

3.9.1
3.2.17.3.4,
3.2.17 .3.5
6.1
3.3.2.13
3.1.2.5
3.2 .15.3 and
3.2.19
2.2

30.
.23,

: --.23
42
27
.1s
17 and.
24
1

Ordari”qde.ta . . . . . . . . . . . . . . . . . . . . . . .
Ordering length of tubes . . . . . . . . . . . . . . . . . .
0W9en ~.te. t of condensate . . . . . . . . . . .
.O-ri”.q,. . . . . . . . . . . . . . . . . . . . . . . . . .

Other publicc,ticms. . . . . . . . . . . . . . . . . . . . .

PackimJ, tube
Pads , cwndenser “sieil“ : : :

3.2.16.3
3.2.9.5

20
.12
’30
17

3:
31
31 and

P.ai”ting . . . . . . . . . .
Partition, waterbox, gasket
Parts , threaded . . . . . .
Performance . . . . . .

3.8
3.2.15.3
3.2.2
4.2.2
3.9.2
3.9.2 a“d ‘
4.5.5
3.2.1
3.7
3.9.1 and
3.9.2
3.2.2.1
4.7

Permanent tub. plugging tool
‘Perma”e”t tube @u.JS .- . .,

39
4
30
30 and
31

Pitch .mdrollc. fship . . . . . . . . . . . . . . . . . . .
Ple.tes,identifice.tie” . . . . . . . . . . . . . . . . . . .
Pluqs, perlmlent. . . . . . . . . . . . . . . . . . . . . .●

( Preferred f.amtenertypes . . . . . . . . . . . . . . . . . .
Preparation for &livery, inspection . . . . . . . . . . .
Preparation for&livery . . . . . . . . . . . . . . . . . .
Preservation and packaging . . . . . . . . . . . . . . . .
Prenc.ure gages . . . . . . . . . . . . . . . . . . . . . .
Press”ra loading, w.aterboxes for submar~nes . . . .

6
41
41
41
27
18 and
10

42

::

5.
5.1
3.3.2.12
3.2.1S.4.1.1
3.2.e.:
6.1,1
4.2.3
3.2.9.3

and

Proc”rammt req. ire,m.ts . . . . . . . . . . . . . . . . . .
Praof test . . . . . . . . . . . . . . . . . . . . . . . . .
Provi. io” for .xparmim of tube and nhells . . .

Quality msur.nce provisions . . . . . . . . . . .
Quality prc.qram . . . . . . . . . . . . . . . . . . . .

4.
4.1.1

3.2.17.3.7 23
3.9, 3.9.1, Ill,

.... . and 5.4 and 42

Selief valve. . . . . . . . . . . . . . . . . . . .
~PairParts andtools. . . . . . . . . . . . . . . . .

----
naporcs :

L@sign . . . . . . . . .
Shock stress . . . .

P-equireme”t.. . . . . . . . .
Responsibility for i“specLion

. . . . . . . . . .

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

. . . . . . .

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

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

1.10.2
2.2.7.2.4
3.
4.1
3.2.5
3.2.2.4

31
10

3:
:Soot mmectic.. s . . .

R.ltm for application, general

scope . . . . ... . . . . . . . . . . . . . . . . . . . . 1.1
Screw threads . . . . . . . . . . . . . . . . . . . . . . . 3.2.2.2

1
6
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INDEx, cent’d

shell s . . . . . . . . . . . . . . . . . . . . . . . . . . .
F.arstraiqhtt ubeu nita . . . . . . . . . . . . . . . .
U-bend tube unit8 . . . . . . . . . . . . . . . . . . .
Provision foreWa”sion. . . . . . . . . . . . . . . .

Thick”es . . . . . . . . . . . . . . . . . . . . . . .

Ship attitude. .. . , . . . . . ... . . . . . .. . ...-. -. ,
Shock . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shock-resistant design . . . . . . . . . . . . . . . . . . .
Shock test..... . . . . . . . . . . . . . . . . . . . .
Static deaign method. . . . . . . . . . . . . . . . . . . .
stays. . . . . . . . . . . . . . . . . . . . . . . . . . .

Exhaust cwmectio”.. . . . . . . . . . . . . . .
Tube Sheet . . . . . . . . . . . . . . . . . . . . .;
Waterb.ax . . . . . . . . . . . . . . . . . . . . . . .

I Strennreport, shock. .. . . . . . . . . . . . . . . . . .
Stresses, allowable shock . . . . . . . . . . . . . . .

I Supporti”g feet brackets . . . . . . . . . . . . . . . . . .

Technical data..., . . . . . . . . . . . . . . . . . . .
Test. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Eddy-current . . . . . . . . . . . . . . . . . . . . .

Fatigue . . . . . . . . . . . . . . . . . . . . . . . .
Hydrostatic..,.. . . . . . . . . . . . . . . . . .
Iwact . . . . . . . . . . . . . . . . . . . . . . . .
Proof . . . . . . . . . . . . . . . . . . . . . . . . .
Shock . . . . . . . . . . . .
Tube expa”dl”g . . . . . . .;::;;;;;;;;:;
Ultrasonic . . . . . . . . . . . . . . . . . . . . . .

Thread engagement:
Nut . . . . . . . . . . . . . . . . . . . . . . . . . .
Tapped holea . . . . . . . . . . . . . . . . . . . . .

Threade< parka.... . . . . . . . . . . . . . . . . . . .
T0018(0nb0ard l..... . . . . . . . . . . . . . . . . .
Torque . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tube (s) . . . . . . . . . . . . . . . . . . . . . . . . . .

Expanding into tube sheets
inlet-e”d, belling of... :;;;;;;;;;;;;;
P.aekinq . . . . . . . . . . . . . . . . . . . . . . . .
Plugs . . . . . . . . . . . . . . . . . . . . . . . . .

Size ●ml gage, ordering length . . . . . . . . . . .

Support platen
Wate= velocity i;:::: ::::::::::::: ::

Tube mheetm . . . . . . . . . . . . . . . . . . . . . .
.4reaacc:pied by tubes. . . . . . . . . . . . . . . .
DOuble, sec”ring of.... . . . . . . . . . . . . . .

Double .c.paci.g of..., . . . . . . . . . . . . . .
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