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MIL-C-154130J (SHIPS)
1% June 1974
SUPERSEDING
MIL-C-15430H(SHIPS)
10 October 1966
(See 6.4)

MILITARY SPECIFICATION

CONDENSERS, STEAM, NAVAL SHIPBOARD

- Thie specification is approved for use by the Naval Ship Systems Command and"is “dvVail-"
able for use by all Departments and Agencies of the Department of Defense.

1. SCOPE
1.1 Scope. This specification covers steam condensers for Naval Shipboard applications.

fied t.z Classification. Condensers shall be of the following types and classes as speci-
] see §.1.1]

Type I - For main propulsion turbines or engines.

Type Il - Por turbines of steam turbo-generator sets.

Type III - Por auxiliary steam turbines or steam reciprocating engines.

Type IV - For condensing gland leak-off or vent steam, including steam from ship's
heating drain syatem vents; also for service as combined air ejector
after condenser and gland leak~off condenser for a submarine application.

Class A - (Submarines application} - See table I.

Class B - (5w face ship application} - See table II.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation for bids or
request for proposal, form a part of the specification to the extent specified herein.

SPECIFICATIONS
FEDERAL

00-C-465 - Copper-Aluminum Alloys {Aluminum Bronze) (Copper Alloy Numbers
606, 614, 630, and 642), Rod, Plat Products with Finished Edges
{(Flat Wire, Strip, and Bar), Shapes and Forgings.

Q0-N-281 - Nickel-Copper-Alloy Bar, Plate, Rod, Sheet, Strip, Wire, Forgings,
and Structural and Special Shaped Sections.

QQ-H-286 ~ Nickel-Copper-Aluminum Alloy, Wrought.

TT-P-28 - Paint, Aluminum, Heat Resisting (1200°F).

TT-P-645 - Primer, Paint, Zinc-Chromate, Alkyd Type.

PPP-B-636 ~ Boxes, Shipping, Fiberboard.

PPP-B-1055 - Barrier Material, Waterproofed, Flexible.

PPP-B-40 - Packaging and Packing of Hand Tools.

MILITARY
MIL-C~10d4 - Crater, Wood:; Lumber and Plywood Sheathed, Nailed and Bolted.
MIL-P-116 - Preservation, Methods of.
MIL-B-121 - Barrier Material, Greaseproofed, Waterproofed, Flexible.
MIL-B-13]1 - Barrier Material, Water Vaporproof, Flexible, Heat Sealable.
MIL-R-196 - Repair Parts for Internal Combusion Engines, Packaging of.
MIL-B-857 - Bolts, Nuts, and Studs.
MIL-S-%01 - Shock Tests, H.I. (High-Impact):; Shipboard Machinery, Equipment

. and Systems, Requirements for. ) _ o
MIL-5-1222 - Studs, Continuous Thread (Bolt Studs): Nuts, Plain, Hexagon:
and Steel Bars Round, High Temperature Service.

MIL-P-2863 - Packing, Preformed, Condenser-Tube (Symbol 1435).

MIL-G-5514 - Gland Design; Packings, Hydraulic, General Requirements for.

MIL-B~13239 - Barrier Material, Waterproofed, Flexible, All Temperatures.

MIL-T-15005 - Tubes, 70-30 and 50-10 Copper Nickel Alloy, Condenser and
Heat Exchanger. .

MiL-P-15024 - Plates, Tags, and Bands for Identification

MIL-P-15024/5 - Plates, Identification.

MIL-P-15117 - Provisioning Technical Documentation for Repair Parts for
Electrical and Mechanical Equipment (Naval Shipboard Use).
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MILITARY

STANDARDS

MIL-C-15430J (SHIPS)

(Cont'd
MIL-C-13726

}

MIL-P=-15742 -

MIL-E-15809
MIL-C-16173

MIL-T-16420

MIL-A-17472
MIL-1-18997

MIL-T=19646
MIL-I-200137

MIL-C~20159
MIL-F-21467
MIL-E-21562
MIL-G-21610

MIL-E-22200/)

MIL-E-232200
MIL-S-22471
MIL-5-23194
MIL-5-2411)

MIL-W-24270 -

MIL-W-24270
MIL-N-25027

HILITARY

MIL-5TD=-22 - Welded Joint Design.
MIL-5TD-129 - Marking for Shipment and Storage.

MIL-STD-167
MIL-STD-271
MIL-STD-278

/l

/4

/]

-
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MIL-S5TD-1199, Section 101
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ive Testing Requirements for 'etals.

Welding and Inspection; and Casting Inspection and
Machinery, Piping and Pressure Vessels in Ships of
States Navy.

Piping, Vvalves, Fittings, and Associated Piping
for Submarine Service.

Piping, Valves, Fittings and Associated Fiping

for Surface Ships.

- Interface Standard for Shipboard Systema, Ship
Attitudes.

MS516142 - Boss, Gasket Seal Straight Thread Tube Pitting, Standard Dimensions

. for.
M517828 - Nut, Self-Locking., Hexagon, Regular-Height,

(Nonmetallic Insart)

280°r,, Nicksl-Copper Alloy.
e, . .. .= :MS18116+ - Bolt, Bolt-Stud, Stud, Stud-Bolt; Hickel-Copper-Aluminum Alloy: -~ - .-:_. K6 - -
Special Requirements.
DHAWINGS
MILITARY
B-214 -~ Ront Connections

for Attaching Piping.

810-1385850 -~ Piping, Gage, For All Service.
810-1385917 - Temperature Indicator and Thermowell Selection.
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PUBLICATIONS

‘ . MILITARY
NAVAL SHIP SYSTEMS COMMAND

S5DB-63 - Structural Design Basis.
NAVSHIPS 250-423-30 - Shock Design of Shipboard Equipment Dynamic
Analysis Method.
NAVSHIPS 0900-001-7000 - Pabrication and lnapection of Bra:zed Piping
Systems.

DESIGN DATA SHEETS
DDS4601~1 - Steam Condensers.

NAVAL RESEARCH LABORATORY (NRL)
Report 1396 ~ Interim Design Values for Shock Design of Shipboard Equipment.

(Copies of specifications, standards, drawings and publications required by suppliers
in connection with specific procurement functions should be obtained from the procuring
activity or as directed by the contracting officer except that Design Data Sheet 4601-1
should be obtained from the cognizant Defense Contract Administration Service (DCAS) or
Supervisor of Shipbuilding and the NRL Report 1396 should be obtained from Commander, Naval
Ship Engineering Center, SEC 6105, Center Building, Prince George's Center, Hyattsaville,
MD 2078B2.)

(] 2.2 Other publications. The following documents form a part of this specification to
the extent specified hereln. Unleas otherwise indicated, the issue in effect on date of
invitation for bids or request for proposal shall apply.

AMERICAN SOCIETY FOR 'J'ESTING AND MATERIALS (ASTM)

RES _ t3al dod amd Comm Voo Crnnl D2
A53 = Welded and Sgamless Steel Fipe.

Al05 - Forged or Rolled Steel Pipe Flanges, Forged Fittings, and Valves and
Parts for High-Temperature Service.

Al0& - Seamless Carbon Steel Pipe for High-Temperature Service.

All3l - Structural Steel for Ships.

Al93 - Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature
Service.

Al94 - Carbon and Alloy-Steel Nuts for Bolta for High-Pressure and High-
Temperatura Service.

A203} - Nickel Alloy Steel Plates for Preasure Vessels.

. A249 - Welded Austenitic Steel Boiler, Superheater, Heat Exchanger, and

Condenser Tubes.

A350 - Forged or Rolled Carbon and Alloy Steel Flanges, Forged Fittings.
and Valves and Parta for lLow-Temperature Service.

AS08 - Quenched and Tempered Vacuum Treated Carbon and Alloy-Steel Forgings
for Pressure Veasels. .

ASLl6 - Carbon Steel Plates for Fressure Vessels for Moderate and Lower Tem-
perature Service.

A537 - Manganese-Silicon Steel Plate.

AS588 - High-Strength Low-Alloy Structural Steel With 50,000 PSI Minimum Yield
Point to 4 Inches Thick.

B98 - Copper-Silicon Alloy Rod, Bar, and Shapes,

Blll - Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock.

Bl39 - Phosaphor Bronze Rod, Bar, and Shapes.

Bl4) - Tin Bronie and Leaded Tin Bronze S5and Casting.

Bl64 - Wickel-Copper Alloy Rod and Bar.

Bl71l - Copper Alloy Condenser Tubc Plates.

{Application for copies should be addressed
Haterviais, 19i6 Race Street, Philliadeiphia, Pa. i

AMERICAN SOCIETY OF MECHANICAL ENGCINLERS {(ASML)
Boiler and Pressure Vessel Code
Section 111 - Rules for Construction of Nuclear Power Plant Components.

Section VI1I = pivision Pressurce Vessels.

o the American Society for Teating and
i63.1

. . - N PR

(Application for copiss should be addresscd to the American Soclety of Mcchanica)
Engineers, United Engineering Center, 345 East 47th Street, Mew York, N.Y. 10017.)
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AMERICAN MNTIONAL STANDARDS INSTITUTE, INC. {ANSI}
Bl.12 - ~lass 5 Interference-Fit Thread. ’
(Application for copies should be addressed to the American National Standards Insti-

tute, Inc., 1430 Broadway, New York, N.Y. 100Q18.)

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

{Application for copies should be addres&ed to the Superintendent of Documents,
Government Printing Office, Washinten, D.C. 20402.}
E TIONAL LABORATORY
CERL-II - A Computer Program for Analyzing Hemisphere-Nozzle Shells of Revo-
lution with Axisymmetric and Unsymmetric Loadings" by S.E. Monre
and F. J tht.
(Application for copies ehould he addressed to U.S, Department of Commerce. Technieal
Information Service, 5825 Port Royal Rd., Bpringfield, Virginia 22151.}

FRANKLIN INSTITUTE RESEARCH LABORATORY
Technical Report F-C2438-4 - Development of an Integrated Computer Program
for Stress Analysis of Axisymmetric Double
Tubesheet Heat Exchangers Subjected to Axi-
symmetric or Non-symmetric Thermal and Mechan-
ical Loadings. (Defense Documentation Center
Nr. ADg90717L.)}
SOUTHWEST RESEARCH INSTITUTE
Final Report - SWR1 Project No. 03-3276 - Experimental Stress Analysis of
Heat Exchanger Heads (Defensa
Documentation Center Nr. AD9145B1L).

lAnnlicntinn for cop

shguld .be addressed to Dafense Documentation Center, Cameron

- 22314.) -

UNIFORM CLASSIFICATION COMMITTEE
Uni form Freight Classification Rules.

{(Application for copies should be addressed to the Uniform Classification Committee,
Room 1106, 222 South Rivergide Plaza, Chicago, Illinois 60606.)

-w

(Technical society and technical association specification and standards are generally
available for references from libraries. TheyY are also distributed among technical groups
and using Federal agencies.)

3. REQUIREMENTS

3.1 Materisl. Materials shown in tables I and 1I shall be used in construction of
the condensers as gpecified for the individual class. Other materials shall be as gpecificd
hcieinafter.

3.1 General design.

] 3.2.1 Ship attitude. Unless otherwise specified (sec 6.1.1), condensers shall operate
satisfactorily under the ship motion conditions given in section 301 of MIL-STD-139%9. 1In

w.™ = .addivtion; submarine..condensers shall- be capable of operation, without.flooding the turbine-..-»~-.- ..
exhausts or air ejector suction, at trim angles up to plus or minus 45 degrees for short
perioda of time (less than 5 minutes).

[ 3.2.2 <threaded parts. Threaded-parta shall conform to Mandbook H28. Design shall be
such that standard wrenches can be used throughout. Tapered pipe threads shall not be used

except for pumping groove connections. Unless otherwise specified herein form of bolts,

puts and studs shall conform to MIL-B-857. A class § interference fit conforming to ANST
Bl1.12 may be substituted for assembly of tap-end of studs, The practice of "bottoming™ or
“shouldering” studs shall not be used. For the set end of studs, a class 3A fit used with
sealing compound, grade AV of MIL-5-22473 may be substituted for a class 5 interference fit.
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Table I ~ Class A material (submarine application).

Part

Material

Applicable
document

{a}

Tube sheets, out.ery

Copper-nickel alloy, compo-
aition 70-10 soft temper

yﬁI L-C-15726

(b) Tube aheats, 1nnet3] Steel, grade LF2 or LF3} ASTM AJS0
. me em - e 4 sar s e s4 1w | Bteel, grade A, B, D, E , ASTM A201 P
Steel, class 1 or 2 ASTM A517
{c) Longitudinal Pipe, carbon steel, schedule !7;STH A51
pipe stays 80 '
ASTM 106
MIL-5-20157
(d) Tubes Copper-nickel alloy, compo- AEY;EIHIL-T-ISOOS
sition 70-30
(e} Bolts or atuda in Nickel-copper-aluminum alloy, QQ-N-286 "
joints invelving claag A, hot finished, an-
sea watar tight- nealed, and age hardened,
neas, or subject or cold drawn, annealed, and
to submergence age hardened
pressureg/
(f) Bolts or studs in Nickel-copper alloy, clasa A CQ-N-281
contact with sea
water
(g) Nuts for bolts and Nickel-copper-aluminum alloy, QQ-N-286
studs apecified class A ’
in {e)
Nickel-copper alloy, class A Q0-N-281
{h) HNuts for bolts and Nickel-copper alloy, class A QQ-N-281
studa specified or B
in (¥)
(1) Bolts, studs, and Corrosion-resisting steel or !/NIL-B-057
nuts exposed to non-ferroua alloys
steamn or conden-
sate
., () BDolts, studs, and Carbon or alloy steel or non- MIL-B-857
nuts for services 8/
other than as ape- ferrous alloys
cified in (e}, (£},
and (i)
(k) Stays in contact Nickel-copper alloy, class A QQ-N-281
with sea water or B
(1) Gaskats for waterbox- "0*"-ring. type I MIL-G-21410
tube sheet joints, -
watarbox cover jointae,
and watarbox inspec~
tion or manhels cover R
joints -
“0"-ring, type I MIL-G-21610

(m)

Gaskets between
double tubesheats

L — ———————————]

(n})

Gaskets for shell
flange~-tubs sheet
joints (V-bend tube-
removable bundle con-
struction), and shell
covers

Packing, sheet asbestos, .
compressed

MIL=A-17472

Sea footnotes at top of next pags.
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é’ uter tube sheets shill meet the inspection apecified in 4.5.) and 4.5.4. I
Inner tube sheets shall meet the impact test requirements in 4.3 and the inspection spec-
3 ified in 4.5.) and 4.5.4.
!;Cnrbon content 0.35 percent maximum,
Heat transfar tubing shall conform to the tensile requirements of table 7 of the supple-
mantary requirements of ASTM B-111 for copper alley 715 in the annealed condition. Heat
transfer tubing shall be eddy current or ultrasonically tested in accordance with MIL-
5 T-15003 as modified in 4.5.7.
-’Coppe:'nickcl materials used in the units construction shall conform to the requirements
of the specifications listed in table I and, in additien, shall have a yield strength

6, Of less than 48,000 pound per square inch (1b/in?).
_/aoltu and studs shall alsc conform to MS18116.
Material for bolting which will be subjected to temperatures of 6§50°F or above ahall be
in accordance with MIL-5-1222, or ASTM Al93, grade 7, for bolts and studs, or ASTM Al%4,
o/ grade 7, for nuts. . N . .
Gee 3.2.9.5.1 and 3.2.9.5.2. ) - ’ - ’

3.2.2.1 Preferrad fastener typea. Preferred fastener types are, in order of preference:

(a) Through bolt or through (2-nut) stud.
(b} Tap-end stud (l-nut).
(c} Cap screw or cap bolt.

3.2.2.1.1 Cap screws and csp bolts. Cap screws and cap bolts shall not be used for
waterbox to shall or waterbox to tube sheet bolting, or waterbox inspection cover bolting.

3.2.2.1.2 Torque. FPFor water side applications and for the bolting between inner and
outer tube sheats, %ﬁrcnded fasteners shall be tightened to design torgue reguirementa. The
vendor ahall eatablish these requirements, shall include them on outline drawings and in
aanual, and shall make them check-off items on the assembly inspection sheet. Threaded
fastenars with torque requiraments shell be lubricated by one of the following lubricants:

{a) The following lubricant-shall be used on-fasteners not exposed to steam or-
. condensate where fastener preload is required:
{1) Rad lead - graphite-mineral oil. (Lubricant shall be made as follows:
4-1/2 pounds of high grade, dry red lead ghall be weighed in a clean
container. l=-1/4 pounds of finely divided, high grade, air-floated
graphite shall be weighed in a clean container. One quart of straight
mineral oil (viscosity shall be 275-325 saybolt universal seconds {5US) '
at 100°F (17.8°C)), shall be measured in a clean, gallon container.
Graphite shall be added slowly to the red lead, stirring contantly
until the mixture is uniform in consistency and color. Mixture of red
lead and graphite shall be added slowly to the oll, stirring constantly,
until a smooth, uniform blend, free of luaps, is obtalned. This lubri-
cant shall not be used on alloys containing more than 15 percent nickel
if the temperature of operation excesds 400°F. Partial batches in the
same proportions sre accaptable.
For fasteners axpossd tO steanm or condensate where fastener preload is re-

quirsd, colloldal graphite in isopropanol shall be used as & thread lubri-
cant.

3.2.2.2 BScrevw threads.

3.2.2.2:1 Unified thread series. G5crew threads, except an specified {np 3.2.2.1.)
shall be of the unlfled thread zerles in accordance with Handbook H28.

- et boee -

3.2.2.2.2 Coarse varsus fina thread series. Coarse thread series shall be used unless
the component dealgn Indicates a necesslty for the use of the fine thread series.

3.2.2.2.) El?gtkthr.ad series. For fasteners 1 inch diameter and larger, the eight-
thread sexies mha used wharsver practicable.

3.2.2.3 Class of fit.

3.2.2.).1 Class 2A-2B. Clamss 2A-2B fit ahall be used for the major portion of inter-
changeable screw thread Taateners.

3.2.2.3.2 Clams JA-1B8. Class lA-1B shall be limited to applications where the neces-
sity for accuracy 67 lead and angle of thread can be justified.
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Table II ~ Class B material (surface ship application).

i)

Stays in contact
with sea water

Nickel-copper alloy, class A
or B .

Part Matezrial Applicable
document
(a) Tube sheets, outer Copper-nickel alloy, compo- ASTM Bl171
sition 90-10
{b} Tube sheets, inner Btesl - MIL-5-24113
.. , Steel MIL-5-23194
Steel, class 1 or 2 ASTM A537
(c¢) Longitudinal pipe Pipe, carbon steel, achedule l/A.STH AS3
- an -
aEcays o -
ASTM AlOG
. MIL-5-20157
(d) Tubes Copper-nickel alloy. compo- MIL-T-1500%
sition 90-10
(e) Bolts, atuds and Hickel-copper alloy, claaa A ASTM Bl64
nuts in contact
with sea watar
{f} Bolts, studs, and Nickel-copper alloy, class 52/4' ASTM Bl64
nuts in joints
involving sea Brongze, aluminum, wrought, QQ-C-465
water tightness composition 614, atress re-
lieved
Phosphor-bronze, alloy A or D ASTM Bl129
Copper silicon alloy ASTH B98
B k¥4
(g} Bolta, atuds, and Corrosion-resisting or non- =~ MIL-B-857
nuts exposed to ferrous alloys
steam or conden-
sate
(h) Bolts, studs, and Steel MIL-B-857
nutas for services
other than as spa-
cified in (e}, (£).
and (g)
ASTM Bl6d

&)

Gaskets for water-
box-tube sheet
joints, waterbox
cover joints, and
waterbox inspection
or manhole cover
jointse

cloth

Synthetic rubber,
serted

s
an=

gy B | I
Commercial, {U.S.

Rubber style 110,
or Garlock style
19 or egqual)

(k)

Gaskets for shell
flange-tube sheet
joints (U-bend tube-
removable -bundle con-
struction)

Packing, sheet asbestosa, com-
presaed

MIL-A-17472

LR T P N e

—
-
-

Condenasay tuba

Packing, flexible, metallic,
grade A

NIL-P~2862

See footnotes on tep of next page.
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‘/Cnbon content 0.35 percent maximum. .

_/Nutl may be class B of ASiM Bl6d.

In typs I condensers, material for bolting which will be subjected to astern ateam temper-
atures of 650°F or above (see €.1.1) shall be in accordance with MIL-§-1222, or ASTM Al93,
grada 7 for bults and studs, or ASTM Al94, grade 7 for nuts.

3.2.2.3.) Class 5. Clase 5 interference fits shall be used only for tap-end of studs
(sae 13.2.2).

[ 3.2.1.4 Genaral rules for applications.
[ 3.2.2.4.1 Thread engagemant-nuts. Threads of nuts shall be fully engaged. Maximum

protrusion of the fastener from the top of the nut shall not exceed 1/2 of the nominal height
of the nut.

3.2.2.4.2 Thread sngagement - tapped holes. Tapped holes for stud bolts and cap screws _ _ _ _ _ _
shall have full rea or a depth of not less than the nominal diameter of the fastener.

In addition, for bolting used in areas subjected to submergence pressure, length of engage-~
sent shall oeet requiremants of SDB-€).

3.2.2.4.) 1nternal bolting. The use of internal bolts and studs shall be avoided to the
saximum extent practicable without unduly complicating the design. Where internal bolting
must be removed bafore a part is disassembled, & warning plate so stating shall be perma-
nently sttached to the part and shall protrude beyond any lagging.

[ 3.2.2.4.4 Locking devices. Threaded fagteners exposed to steam or condensate shall be
securely locked. bGelf-locking nuts conforming to M517828 may be used for low temperature
applications (250°F and below). BSealf-locking nuts shall not have been threaded on to an en-
gaging part more than 3 times or if ) such sngagements have been exceeded, shall not have lost
more than 175 of its miniaum breakawvay torgue as specifisd in MS17828 (see 3.10.3). Bent
tadb lock washars may aleo be used provided they are of annealed nickel-copper alloy and the

gage as heavy as practicable (not less than 0.015 inch). Tab washers having only 2 tabs are
not acceptable.

3.2.3 Life. Unless otherwiss spacified (see 6.1.1), the design shall be based on a
life expactancy of 130,000 hours of cperation. This includes 15,000 hours at design full

pover and 60,000 hours between 350 parcent and 100 percent of design full power. (This
represants 3} years lifs at approximately 58 percent utllization per year.)

] }3.2.4 Welding and alllied processes.

J.2.4.1 For surface ship condensers, wslding and allied processes shall be in accord-
ance with class A-4 of MIL-5TD~270 except as modified herein. Brazed connections may be used
only for attachments to gun mstal cr valve bronze waterboxes; these shall be designed to
parmit ultrasonic testing for bond, and fabricated and inspected in accordance with HAVSHIPS

0300-001-7000, except that requirements for use of preinserted rings are applicable only to
pipe fittinga.

3.2.4.3 Tor submarine condensers, all welding on parts subjected to sea water pressure,
including entire doublea tube sheat assembly, shall bec in accordance with clasas A-F of MIL-
ETD-278 except as aodified herein. MWelded joints on the salt water side shall be radio-
graphable except for vent and drain nipples. Waterbox vent and drain nipple welded zon-
nactions shall mssst the 100 percent weld »fficiency requiremant for pressure vessels.

¢ ' 3.2.4.3 Mhen submarine and surface ship condensers ars designed to support and maintain
the alinemant of turbinea or turbo-generators, condcnser shells and the turbine aupport
«r ~Structure, or only the latter, shall be stress-relisved .after welding-as-required-to-insure ---- -. ...
adsquate dimsnsional stability for maintenance of the turbine or turbo-generator alinement,
whan condensers Are not designed to support and maintain the slinement of turbines or turbo-
generator, thersal stress relief is not required.

3.2.4.4 For surface ship and submarine condensers, structural velding of steam duap
mad anwlliam: avhauedt Avcsscra fuealoacnlen ccdncminn sonflanveasdne Ffooe T 2 1% 3 34 L_%1 &L_  a_
wiik FUALLALIELY TALEUSL PLITERULE/ YRLUTLLY ITOUWCIUY LWUNKAQUIELION BOE J.4.47.3.17 BNOil DE 1IN
accordance with class N of MIL-5TD-278 (100 percent afficient weld joints) except that mag-
netic particle or liquid penetrant inspection of root welds and finished weld surfaces may be
substituted for radiography.

] 3.2.5 Piping, valves, fittings, and assocliated piping components shall be in accordance
with MIL-STD~777 for surface ships, and with MIL-STD-438 for submarines except as modi-
fied herein. In addition to brazing flanges allowed by MIL-STD-177, walded copper-nickel}
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flangea of either the slip-on or weld-neck design are acceptable provided that interface
geometry is not affected. For submarine systems subject to submergence pressure (category
and group C-1), requiremsnts will be as specified (see 6.1.1). Root connections shall be
designed 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 general arrangement of piping shall provide ready access for
take down and maintanance.

3.2.6§ Mercury {Hg) shall not be used for any service (excgpt fluorescent or Hg vapor
lighting) in the production and testing of condensers.

3.2.7 Shock. When shock-resistance is required (see 6.1.1), condensers shall be
grade A, class I equipment as defined in MIL-5-901 and shall pass the high-impact shock
test specified in 4.4.1.

3.2.7.1 Shock-resistant design.

3.2.7.1.1 Clearance for bolts shall be no greater than the following unlesa peruutted
by the applicable pipe flange standard:.

Nominal bolt diameter Nominal diameter of hole
{Inches) {Inches)
3/4 and gmaller Nominal bolt diameter + 1/32
Larger than 3/4 Nominal bolt diameter + 1/16

3.2.7.1.2 where braces must be employed to afford stability under shock or vibration,
the braces shall be designed to fail under a load caused by a force equal to five times the
weight of the upit. This load shall be assumed to be acting at the center-of-gravity of the
unit.

3.2.7.2 Static design method. Shock design of apparatus not ordered tested in accord-
ance with 4.4.1 ahall be based on the minimum “"g-load" values for the vertical, athwartships,
and fore and aft directions as specified {see 6.1.1).

J.2.7.2.1 Use of "g-load” values. The appuxatus shall be capable of withstanding
shock loads due to stenag acceleration at the static "g-load” values applied separately in
each direction. Each mass element of the unit shall have an inertia load applied equal to
(dn X G X g), where:

dm = diastributed mass
G = mtatic g-load value tabulated above
g = acceleration-of-gravity

The resulting stresses and deflections, when added to the maximum normal operating values,
shall not exceed allowable stresses or deflections as limited by egquipment operation.

3.2.7.2.2 Allowable stresgses. The combination of shock and operating stresses shall
not exceed the 0.2 percent offset yield strength at operating temperature where deflection or
alinement is critical or where a slight plastic set is not permissible. The criteria
for failure when plastic set is permissible is the effective yield strength of the material
(except for condenser tubes where consideration will be given to the acceptance of calculated
stresses up to 2.0 times the yield strength of the material provided the configuration does
not become unstable or result jn fracture). This effective yield strength in tension and
ahear is represented by (5§ and respectively, which are defined as:

g: ong Fiou-8yp

where: 6y is the 0.2 percent offset yield, elastic limit or other normal definition of
material yield strength (shall be taken from applicable material specification).
u is the normal definition of material failure atrength (shall be taken from
applicable material specification).
P is a factor which takes into account the efficiency with which the material in
the member is utilized and is dependent on the kind of leading and croas section
of the member. The value of F is equal to (that load required to completely
yield the member divided by that load required to just initiate yielding -1;.
f equals zerc for members in tension and where material has less than 10 percent
elongation before fracture in a tension test; F equals 0.5 for a rectangular
section in pure bending.
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3.2.7.2.3 uynamic .nalysis. When speeified (see €.1.1), tne manulacturer shall conduct .
A concurrent dynanin an..ysls. The acceptanle design analysis method 1s outlined in NAVSHIPS
250-423-30 using the input quantities for the appropriate Lype of installation {submarine

or surface ship) from WHL Report 1396. The mathematical model that the contracror proposes
to usc shall we appruved by the drawing review agency (see 6.2), prior to release for
fabrication. For a multi-deqrec of {reedom system, the shock/stress deflection is the

sum of the greatest stress/deflection for any mode and the square root of the sum of the
squares of astresses/deflections calculated for the other modes. The number of modes shall

e not less than half the number of degrees of freedon. A sufficient number of modes shall
be taken so that the tots) of modal weights considered wil) be not less than A0 percent

cf the total weight of the conuenser. Allowable stresses/deflections are given in 3.2.7.2.2.
Iters found deficient Ly the analysis shall be identified and corrective actions proposed.

3.2.7.2.4 Stress report. When calculations by the static design method or the dynamic
design methou are reyuired, a stress Sumnery report shall be submitted along with the calcu-
lations to the drawing review agency for anproval. Report shall cover all areas for which

shock stresses were calculated and shall indicate the applicable yield strength for each .
stresa reparted. )

3.2.7.5 Lxrceptions,

The above hasis for shock design applies except in the following
cases -

{a) Wwhen the apnaratus nroposed is of identical desion to one that has been
previously shock tested and finally accepted by the Navy, such design
shall be acceptable if it meets all other reguirements for the proposed
application.

(b} When the apparatus proposed i5 of identical dedign to one that has been
previousjy dvnanically analyzed and such analysis has beuen finally accepted
by ilavy, such design shall be applicable if:

{1} The mathematical model applies without change; i.e., the equipment
involved is a repcat procurement for which the foundation and other
equipment afiecting the model are the sanmwe.

{2} 'Yhe apparatus meets all other requirenents for the oroposed application.

{c] When the apparatus proposcd 13 similar, but not identical, to a design
previousiy tested or dynomically analyred and accepted by the Navy, the
manufacturer may drfine areas of dissimilarity, including calculated "g-load"
capability in these areas, and proposc tc the Navy the acceptance of such
design in lieu of the requirement in 3.2.7.2. 1f the draving review agency
concurs that the similar design wiil provide equal or better shock capa-
bilities in the intendeu application, extension approval will Le given.
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3.2.% Condenser design.

3.2.8.1 Condensers for submarinv suvrvice shall have the sea water side, including
the doul:le tube sheet comblex, designed

to withstand the design pressure (see 6.1.1),
temperature (see 6.1.1) and cyclic conditions (see 3.2.13.2.2, 3.2.13.4, 3.2.131.5.3,
3.2.1%.4.1.1 and 3.2.15.4.1.2}. The ability of the cnnuenscr to withstang the loads re-
sulting from the design pressure, termperature, and Ccyclic conditlions shall be demonstrated
by the us> of tethods and criterie containeu in Sbb-63. Guidance with regards to structural
deaign A <aterlouxes may be qutaired [ron Southwest Hesearch Institute Hepourt "kxperimental
Stress analysis of deat bxchanger Heaus'. An accePtable method of caleculating local siresses
in noizics at the nozzle-homisphere intersection (no local reinforcement) resulting from
external loading 15 Uak Hidge Jational Lauoruloury's conputer prugram "CLHL-11" (see note 1).
«An acceptable nethod of analys:s for duunle tuue sheer complexes is the computer program
"liYBUS ™ (sve note 2), prescenten 1n, Franklin Institute Research. Lab. Report F-C24138-4. The

manufacturer may use other comparalble fu:thous of analysis for calculating, local stresses in
nozzlys st the nozzle-hemisphere intersectiun apd for apnalyzing double tube sheet complaexes.
Material properties, shall be as specifrew 1n Sub-63 or hurein. )

4UTL 1. Computer proyram source deck is available from NAVSEC (Code. 6147} .

SUTL 2. Computer, progran will be made availaule upon application; Lo, NAVSEC (6147). to naval

activities and conrractors enydges in current submarine condenser design, effort.
3.2-8.2 Condensers fur submarines, shall be designed; to, operate at an ambient pressure

of 10 inches of Hg, ausplute with, a, variation of plus. of minus; 6, inches. Ha. and| shall not

Le. damaged, wien. subjected, tn an, ambient pressure off between, 10, and, 30 pounds, uer. squary ingy

- £, . -
abnolute Clb/infaf wiyth) the mrynymyn intefnodi presSune wilch, willy prevadgll unde: any conidnlicor
Ui oneLalrun,. .
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. .restricted to- those simple -shapes for which thickness formulas are given in Section VIII,
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3.2.8.) Condensers shall be capable of operating at any back pressure from minimum
obtainable to staudarJd atmespheric pressure during the condenser life.

3.2.8.4 For surface ship condensers, the sea water side, including the double tube
sheet complex for nuclear ships, shall be designed to withstand the design pressure and
temperature, and all parts subjected to such pressure and temperature shall be designed in
accordance with the ASME Boiler and Pressure Vessel Code, Section 'VIII (Division I). Unless
otherwise specified (see 6.1.1), design (maximum working) pressure for the sea water side

shall be 20 lb/inzg. Waterbox shell thickness shall be established under the rules of
Section VIII, Division 1. Use of the calculation method to establish design thickness is
pivision I. Where noncalculable configurations are used (as defined in Section VIII, Division
I the provisions of paragraph UG-101 in Section VIII, Division I shall be met and test re-
sults be submitted to drawing review agency for review and approval. Other methods may be
employed if approved by the drawing review agency. Welded jointa on the waterbox shall be of
the full penetration type except for attachment of waterbox stiffeners, for attachment of

the principal flange to the waterbox, and for nozzle to nozzle flange attachment; weld jeint
design for the latter two attachments may be of the slip-on type with welded joint design
conforming to P-16 of MIL-STD-22 (see 3.2.15.12.1). Intermittent welding in attachment of
waterbox stiffening members shall not be allowed. Weld joint efficiencies shall be in
accordance with Section VIII, Division 1.

3.2.9 5hells. If known, the shell limiting dimensions shall be specified by the command
or agency concerned (see 6.1.1). The shell shall be stiffened by shapes welderd to the shell
plates, as required. Entire shell shall be constructed using welded joints. Shells for
condensers, except as specified in 3.3.2.4, shall have a minimum plate thickness of 3/16 inch
for cylindrical shells or 1/4 inch for other shapes. Where the thickness of steel rondenser
shells is determined by calculations, a corrosion allowance of 1/32 inch shall be provided
for types I, Il and II1 condensers, and & corrosion allowance of 1/16 inch shall be provided

3.2.9.1 Shells for straight tube units. Tube sheets shall form the shell ends and be
directly welded thereto, or shall be welded to an extended neck or collar section of the
shell. For surface ship condensers, the shell to tube sheet weld shall be of the full pene-
tration type and be liquid penetrant or magnetic particle inspected to the requirements of
MIL-STL-278. For submarine condensers, the shell to tube sheet weld shall be of the full
penetration type and shall be in accordance with class A-F of MIL-STD-278 except that, if a
radiographable weld cannot be provided, the weld shall be magnetic particle or liquid pene-
trant inspected on the root passes, the back chipped side of the initial root weld, and the
surface passes, to the requirements of MIL-STD-278 in lieu of being radiocraphed.

3.2.9.2 Shells for U-bend tube units. The requirements of 1.2.9.1 shall anply except.
that when removable tube bundle 15 specified (see 6.1.1), a flange shall be welded to the open
end of the shell for securing the tube sheet assembly and waterbox. The shell to flange weld
{full penetration type) shall be magnetic particle or lifquid penetrant inspected to the re-
quirements of MIL-STU-278. Wwhen removable tube bundle is specified the interior of the shell
shall be provided with guides or rails for easy removal of the bundle with no cutting or
burning operations required. If the bundle is not removable, romplete retubing shall be
possible with no cutting of the shell required, such as by providing a bolted closure at the
end of the shell away from the tube sheet. U-benu tuhe condensers shall be provided with
an inspection opening at the U-bend end to permit inspection of outer tube U-bends.

straight tubes are expanded at both ends shall have positive means provided to rompensate
for the relative expansion between shell and tubes. Bowing of tubes is not an acceptable
means of providing for relative expansion between shell and tubes. Additional means, such
as one flexible support foot {(small condensers), or lubricated slidinc support foot or feet
{large condensers), shall be provided on the condensers exceplL those suspended from the
turbine exhaust flange, to compensate for expansion a

3.2.9.3 Provisions for eannsion of tubes and shells. Shells for condensers in which

or expansion and contraction of the shell, When

a flexible support foot is used, the fixed foot and its foundation bolting shall he desiared
to withatand the full-load due to high-impact shock in the direction longitudinal of the
condenser. Sliding feet shall be provided with oversirzed foundation bolt holes and shoul-
dered bushings for the foundation bolts, so machined as to allow not More 'than 07005 inch
clearance between the buttom surface of the bushing shoulder and a finished or spot-faced
surface of the foot. 1In addition, keys shall be provided in the supporting feet as necessaly
to withstand high-impact shock and to preserve the alinement of the turbine when supported

by the condenser. Arrangement of foundation bolting and keys shall be warkeid out between the
shipbuilder and the condenser manufacturer and shall be subject to approval of the drawing
review agency for double tube sheet condenscrs. Condensers with U-bend tubes shall have
provision for shell expansion as described herein. Condensers with U-bend tubes do not
require shell expansion joints.

—
—

.
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3.2.9.1.) Expansion jr_ats. Expansion joints shall be designed to permit accomplishment .
of field repairs and field replacement. Expansion joint design shall consider the effects '
or corrosion, fatigue stresses (for all condensers except type 1 condensers of non-nuclear

powered ships - 10,000 cycles of normsl condenser operation from start up at 70°F to full-

power at 28°F inlet water temperature; for type I condensers on non-nuclear powered ships -

10,000 cycles from full-powaer sahaad to full-power astern with 75°F inlet water temperature)

and shock stresses. For Jouble tube sheet condensers, justification of expansion jeint

design and outline of field repair an<d replacement methods shall be submitted to the drawing

review agency for approval. Methods of field repair and field replacement of expansion

40ints shall be included in the condenser technical msnual in detail. Where the confiquration

of the joint will result in condensate being trapped, fittings on the joint and on the hotweil

shall be provided for running a drain lipe to insure joint drainage. OQutline drawing and the

manual shail indicate the proper method of running this line.

3,2.9.4 Sunmorting feet or brackets shall be designed to secure the condenser, its
components and acceasOries adeguately when the ship is listed, rolling, or pitchimg (mee
3.2.1)-and-for tha.ahock-conditions .spacified in 3.2.7..-Nozzle.flanges .ar piping shall not.-

conatitute the primary means of support of components or acceasories, Where design of

supports is bared nn us= of holddown bolts of higher strength than grade 2 of MIL-B-857,
specific jnformation for shipbuilder's guidance shall be given on the ovtline drawing. For
submarine condenmers adequate jacking screws shall be fitted in each supporting foot for
use during installation and alinement of the condenser.

P L L

3.2.9.% DRoxrles or pads shall be welded to the shel]l. Nozzles may be fabricated of
short lengths of pipe provided with a flange, and pads may be bar stock or plate of requisite
thickness for astuds. Nozzles shall he of the minimym length possible for through bolts.
Flanges and pads shall be in accordance vith applicable piping schedules, except where appli-
cable category and qroup for the connection requires non-ferrous material, the mating condenser

flange and nipple or pad connection may be of steel in conformity with the appropriate flange
specification.

.2.9.5.1 Whan pades are furnished, the pade shall be tapped for studs and the atuds
and nuts shall be furnished and installed by the condenser manufacturer, 5Studs and nuts
furnished on condenser shells for submarines shall be of the non-ferrous materials specified
for icteams f1 and thi in tabie 1.

3.2.9.5.2 Accesn openings in the shell of condensers for submarines, flanges of which

are in the foro of pads tapped for studs, shall be provided with studs and nuts of the
materials specified in 1.2.9.5.1. The vendor shal) provide internal access to examine and
Tepair condenser stesh impingement baffles with condensaer tubes in place. The location

of access covers shall be mutually agreed between the condenser vendor, shipbuilder, and
draving reviev agency,

3.2.10 Baffles for separating the condensing surface from the air cooling surface shall
be fitted as necessary and their arrangement shall be such as to produce mininum interference
with the effectiveness of any cooling surface.

1.2.10.]1 baffles over the air rooling xection shall be located high enough so that
the air suction will not Le blockeu of{ Ly & normal rimc of condensate level, or by opera-
tion undnr any of the conditions of ship attitude, Air ejector suction connections shall
ke lncated high enouah on the shell to provide for drainage into the condenser.

1.2.11 It is the responsibility of the vendor to insure that turbine exhaust,
auxijiary exhoust (sce 3.2.17.3.1) and dump steam (see ).2.17.3.1)., are introduced into the
condenser in such a manner that condenser tubes, shell and internals will not be damaged by
high velocity steam ar sny moisture oicked up &nd carried by the steam flow.

'3.2011.1 “For exnhausts ol ' turblnes’ Wnith arc sUpplicd With satlrated stéam, for Qump ~~ " 7" <
steam (secrr 3.2.17.3.1.2) and for auxiliary exhaust (when required - see 1,2.17.31.1.2), three
rows of inpingement tubes shal) be installed to protect the tulke bundle unless otherwise
approved by the drowing reviow agency. Inpingement tubea shal) be 31/4 inch outside diameter
{r.d.) of 1¢ Birmingham Wire Gaoc (IWG) minimum nominal wall thickness and the material
si-all be stainless steel. 1f welded {mpingemcnt tubes are furnished. tuhing shall be in
accurdancc with ASTA A249% in an anncaled condition. The first two rows of impingement tubes
shall bLe arranged on & )J-inch nominal triangular pitch. Arrangemens of ' the third rov of
impinoemcnt tubes shall be such that stcam entering the arc of impingement tube protection
will not be able to enter the rube bundle withoul striking at least one impingement tube,
Space between the inner row ~f japingement tules and the tubm bundle peripliery shall be mini-
mized ir order to reduce reacceleratinn of water droplets. lmpingement tubes shall not pene-
tratc sny tube sheet. Length nf the impingement tubes and the arc of coverage shall be such

12
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that any straight line to the tube bundle from the turbine exhaust trunk exit, steam dump
baffle exit (see 3.2.17.13.1), and auxiliary exhaust baffle exit (when required gee 21.2.17.
J.1) will pass through this arc of coverage or through the metal of a tube support plate.
For submarine condensers, the impingement tube support plates shall be attached to the con-
denser shell and shall not contact tubes or tube support plates. Arrangement of the impinge-
ment tubes and their method of asupport shall be submitted to the drawing review agency
to demonastrate that the requirements of this paragraph have been met.

3.2.11.2 For condensers serving turbines supplied with saturated steam, stay rods, or
other structural members in the turbine exhauat area and subject to direct impingement of
turbine exhaust steam shall be protected against erosion by either covering them with sleeves
of erosion resistart materxal or oLhe1 similar means.

-

T L4 a voe o mr w .

3.2.12 Type I, 11, or 111 condensers shall be provided with a condensate sump or well
having a volumetric capacity at maximum design working condensate level equal to or exceeding
the volume of condensate handled by the condensate pumps durina 1 minute of normal operation
when the connected equipment is operating at rated full-locad. Condengate sump or well shall
be attached to the bottom of the condenser shell; shall be provided with the necessary swash
plates, liquid level gage connections, clean-out holes, flanged connactinns for the
condensate pump suctions; and, if required for maintainino proper submergence of the conden-
sate pump suctions under the conditions specified in 3.2.1, a drain pocket extending the
length of the hotwell and having the low point and suction connections at the end nearest
the punpas. Type IV condensers shall be provided with condensate outlet(s). To minimize the
.amount of foreign material that may enter the condensate pump suction, the condensate pump
suctions of condensers shall incorporate a l-inch high standpipe arrangement whenever the
pump suction is taken from the bottom of the hotwell.

3.2.13 Tube sheets and supporting plates.

J.2.13.1 Tube sheets shall be rolled in one-piece. The minimum tube sheet thickneas
for expanded tubes shall be 7/8 inch, and for packed tubes it shall be 1 inch.

3.2.13.2 Sea water cooled condensers for nuclear propelled surface ships and submarines
shall be provided with double tube sheet construction. Tubes shall be cxpanded into both
the outer and inner tube sheets at each end.

3.2.13.2.1 Double tube sheets shall be separated by a space at least 1/2 inch wide.
Space shall be vented and drained to atmosphere. Space may be formed by machining the face
of one or both tube sheets, or a spacer may be used bewtean the tube sheets.

3.2.13.2.2 1t shall be the responsibility of the vendor to determine the width of the
space between the tube sheets so that the span of the tubes included will be sufficient to
prevent the tubes from being overstressed due to radial expansion differentials of the tube
sheets under cyclic operating conditions, including start-up-normal operation, shutdown,
astern operation and steam dumping. Conditions of operation ghall assume 28° and 85°F inlet
circulating water temperature, water velocity as produced by full-speed circulating pump
operation and the highest steam temperature condition in the shell resulting from the above
mentioned cyclic conditions. Calculations to support the structural adegquacy of the double
tube sheet assembly (i.e. tubes, tube sheets, spacers) shall be submitted to the drawing

review agency in support of the outline drawings.

3.2.13.2.3 Double tube sheet design for nuclear propelled surface ships shall be in
accordance with one of the following:

(a) Polted and gasketed. Outer tuhe sheet shall be sccured to the inner tube
sheet or spacer piece (if furnished) by means of threaded fasteners which
ghall be of sufficient size and numher to maintain tightness of the gasketed
joint when the specified water side hydrostatic test pressure (see 4.2.].6)
is appliecd to the =pace between double tube sheets withouvt depenadence on the
waterbox flange bolting. Gasket shall be replaceable without necessity for
retubing the condenser. The spacer piece (if furnished)] shal) be welded to
the inner tube sheet, and this weld (full penetrarion weldl shall be liquid
penetrant or magnetic particle inspected to the requirements of MIL-STD-278.
The structural adegquacy of this welded joint shall be justified .by analysis.

TRt T (b} ngplete1§ welded. Outer tube sheet shall be secured to the inner tube aheet

"by a welded jolnt which shall maintain the tightness of the assembly when

the specified water side hydrostatic test pressure (see 4.2.1.6) is applied

to the space between the sheets without dependence on the waterbox flange
bolting. The welded joint {(ful) penetration weld) shall be liquid penetrant
or magnetic particle inspected to the requirements of MIL-STD-270. Structurel

13



Downloaded from http://www.everyspec.com . »

MIL-C-15430J (SHIPS)

adequacy of this welded joint shall be justified by analysis. Distortion
of tube shee*s due to welding adversely affecting tube hole alinement shall
not be permitted.
(¢} Seal welded. Outer tube sheet shall be secured to the inner tube sheet or
“spacer piece {if furnished) by means of threaded fasteners which shall be
of sufficient size and number to maintain tightness of the welded seal joint
when the specified wvater side hvdrostatic test pressure (see 4.2.1.6) is
applied to the space between double rube sheets without dependence on the
waterbox flange bolting. A membrane seal weld shall be used to seal the
joint between the outer tube sheet and inner tube sheet or spacer piece
(if furnished}. The spacer piece (if furnished) shall be liquid penetrant
or magnetic particlie inspected to the requirements of MIL-S5TD-278. The
structural adeguacy of this welded jeint shall be justified by analysis
{see 31.2.13.2.4).
{¢) uvther designs. Other desions may be employeu if specifically approved by
the drawlng review adcncy. Designs shall permit cxamination of all tube-to-
tube sheet joints for leakage at the outer tube sheet during hydroqtagip.
testing 'of the void spade'between thi tibe Sheets.’ ’

3.2.13.2.4 Double tube sheet scal weld membranes.

3.2.13.2.4.1 Seal weld memhranes shall be nonstructural except for the fluid pressure
load on its own area and loadine imposed by 3.2.13.2.4.2.

J.2.13.2.4.2 Scal weld membranes shall accommodate the relative motion between adja-
cent oarts under all onerating and ponoperating conditions including preload, shock, vibra=-
tion, al)l transiert and steady State temperatures and pressures, shipping, handling, and
assembly.

3.2.13.2.4.3 Ecal weld membrane materials shall be in accordance with MIL-C-1572¢,
MIL-T-16420, or 20=-K-2Fl.

J.2.13.2.4.4 Scal welds shall be capable of being repaired with cnboard hand toals and
by monual arc weldinn. Repair nrocedure shall be included in the component technical manual,

1.2.13.2,4.5 Condenser manufacturer shall perform pressure and deflection cyecling
test toc prove the adequacy of all secal weld memb.rane designs vsed., Condenser manufacturer
may submit to the command or agency concerncd experimental anu analytical data for similar
aes]l weld mamurane desiyns and omerating conuitinns as justification far requesting waiver
ol pressure and ceflection cycliny tests.

1.2.12.2.4.6 Ltxtirnal gurfacc ol the seal members shall be accessible for examiration
Oor practical repair without cutting any welds.

31.2.11.2.4.7 Uesign uf the condenser shall permat the detection and location of leaks

in all sesl wo'd memurares durinn hydrostetic *csting o the void space between the tube
shrets,

1.2.13.2.4.8 For surface ship applicetinug, the scal weld shall be liguid penetrant
inspected to the requiremrnts of MIL-STL-27H. For submarine application, each weld pass
shall be inspecrerd in accurdance with MII -STL-27H.

3.2.1%.) Tube gheets shall be machined t¢ accormmodate tubes expanded at both ends f{or
subrarine ard nutlear-propeilerd surface s1nip condensers, and expander! at the water inlet end
and expanded or packed at the water outlet end for non-nuclear surface ships. Lack of normal-
1ty between drill spindle patn and surface of tube sheet shall not exceced 0 degrees, 20 minutes.
For sulimarine condensers, holes 1nto which tube ends will be expanded shall be machined to a
diameter of .0.626 inch with a tolerance of-plus 0.00% inech,~minus 0,000 inch {sec 4.1.2.1.1}. T
For nuclear-pronelled surface shio cundensnrs, holes into which tubes Will Le expanded shall
be machined to a diameter of 0.€26 inrh witr a tolerance of plus 0,007 inch, minus §.n0N
inch fsee¢ 4.1.2.1.3). For non-nuclear surtface ship coadersers, holes 1nto vhich tubes will
be expanded shall be machined to & diamcter of N.626 inch with a tolerance of nlus 0.007
inch, mipus 0.400 inch. For the case of tubes ta he expanded at hoth ends, the minimur tube
shevt ligament shall be 0.182 rnch unless fatigue calmolations for a submarine condenser
estaulish the need for a thicker liganent. 1n which case such desiqn value shall becoume
the mimamum ligame~t thickness. Qut-of-roumdness nf these holes shall not exceed §.001

inch, when bLotn ends of the tubes are to Lu mxpanded the tube sheet holes shall be aruoved
a8 [nllnws;:

fa) Condenscrs fo; non-niclear surtace ships. One groove, 0.025% 1nen wise, ©.u07
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inch deeo, with the oputer edge of the groove /R inch from the outer ‘watar)
side of the tube sheet.

(b) Condensers for nuclear propelled surface ships. Onter tube sheets, as speci-
fied in {a¥. TYnnor tubé shects, nn g-oove.

(c) <Condensers for gubnarineg.  Outer tube sheets, three gqrooves, 1716 iach wide,
6. 007 inch dees,"1/32 inch apart, located with the outer odge nf the first
qroove 5/16 inch from the outcr (water) side of the tube sheet. Inncer tube
sheets shall be provided with three grnoves 1/16 inch wide, 0.007 inch deep,
located midway of the rolled jeint. - -

For the case of tubes to be packed at the outletr ends, the tvbe sheet hole shall be drillead
to a dianeter of 0.635 inch, then counterbored truly concentric to a dnpth of 3/4 inch, and
tapped 7/8 inch diameter, 18 threads~per-inch. For thesc heles the mxnxnun tube sheet lina-

face of tube sheet shall be deburred and rounded off to a radius of approximately 1/1%

inch, or chamfercd using chamfer nf 1/16 inch by 45 degrens to renove the corncr, except that
the water inlet end of tuhes on the outer (water) side of tube shect, the tube holes shall

be belled with 1/2 inch radius to a diameter of 3/4 inch.

3.2.13.3.1 Dhesion tube pitch shall be established by taking the sum of the following
values:

- .

{a) Minimum ligament,

{b) Haximum allowable liole diamcter (seec 4.1.2.1.]1 and 4.1.2.1.3).
fc} MNaximum drill runout rultiplicd by two.

{¢) Maxirmm hple location error multiplied )}y two.

{e) An crror factor.

A breakdown of these numbers unon which desiqn tube pitch is based shall be shown on the
tube sheet drawing. For submarine condensers this calculation of drsign tube pitch shall

be submitted to the drawing review agency for approval with the fatigue calculations for the
tube shent.

3.2.13.3.2 lloles for tubes in double tube sheets shall be so machined that each hole
in the outer tube sheet registers accurately with the corresponding hole in the inner tube shect
This alinement shall be examined by the method described in 4.1.2.1 . .

3.2.13.4 For submarine condensers, the structure composcd of owvter and inner tube sheet
together with the short sections of tubies between paired inner and outer shects shall be
designed to withstand the specified design pressure in comhination with the specificd piping
loads with full consideration heing given to the cyclic nature of the pressure loading and
sea water and steam side temperatures. Design shall be based on 20,000 cycles to full desian
submerqence and associated tcmperature variations and other transients as specified {sec 6.1).
An analysxs of fatique loading on a cumulative damaqe basis shall be submitted to the drawing
review agency. Tube sheet structure shall be capable of wvithstanding 200 cvcies each of the
specified hydrostatic test pressure when applicd ip the waterbox or between the double tube
sheets (see 4,2.1.5 and 4.2.1.6). -

3,2.13.4.1 The double tube sheet design for submarine application shall be in accord-
ance with one of the following: .

{a) Bolted and qaskcted. Outer tube shect shall he secured to the inner tube

shect or spacer piece (if furnished) by means of threcaded fasteners which

shall be of sufficient size and number to maintain tightness of the “"O=ring"
gasketed joint when the specified design pressure (sec 3.2.13.4) is applied

to the space between double tube sheots without dependence en the waterbox
flange bolting. "O-ring" gasket shall be replaceable without necessity for
retubing the condenser. The spacer piece (if furnished) shall he wclded

{full penctration weld) to the inner tuboe skeet, and this weld may he inapected
on the root passes, the back-chipped side of the initial rent weld, and the
surface passes, to the requirements of N L-5vD-278 in licu of radioqraphic
inspection, if so clocted. If materials involved are not naanctie, liquid
penetrant inspection of tho ront passes, the hack-chipped side of the )
initial root weld, and the surface passes, to the requirencnt of HIL=STLD=278
may be substituted for raliographic inspaction. The structural adequacy of . . - -

- - e e e

this welded joint shall be justificd by analysis,
{LY Comnlately welded., Outer tube sheot shall e secvored to the inner tube sheat
Y 5"?3T¥ penctration butt welded jeint uhich shall maintain the tiuhtners
af the assesbly whaen the spegi Sied desioan preasure (see 3,2,13,4) i3 applied
to the space botveen the sheets vithout depadeace on *be yaterbox flange
holting, P'er providin a sound weld root eonditien, “he use »f consunable
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review agency; is required. It shall be demonstrated by means of a full
srale mock-yp that nn derrimental distortion of tube sheets occurs during the
welding proceas. Weld shall he in accordance with class A-F of MIL-STD-278
except that magnetic particle inspertion shall be subatituted for radio-
graschic inspection; in addition te the magneti~ parti~le inspection coverage
reguirad for class A-F vesael weldn, a magnetic particle inspecticn to the
ssma standards shall be carried out on each pass nf the weld. If materials
invnlved are not magnntic, liquid penetrant inspection of each weld pass in
accordance with MUL-ST1"=27R ghall be substituted for maqnetic particle in-
spec*tinn.
ic) Semal welded. Outer tule sheet shall be Becursd to the inner tube gheet or
“mpacrr piece {if furnished! by mrans of threaded fastensrs which shall be of
sufficient size and number o maintain tichtness ©f the welded sea) jeoint
wher the rpecified desigr pressure (see 1.2.11.4) is applied to the space
betwaen Acuhle tube sheetr without deprrdence on the waterbox flancge holt-
ing. A menbrane seal welu shall be used tr seal the joint between the outer
tube sheet and inner tuhe sheret Or Bpacer piece [if furnished). The Beal
weld membrane shall meet the reguirements of. 1.2.13.2.4. The spacer piece
fif furnished) shall be weldrrt (full prperratinn wpld) to the inner tube
ahent, ard this weld mdy be inspected on the root passes, the back-chipped
sicde nf the initial ront weld, and the surface passes, to the requirements
of MIL-5TL=-278 in lieu of radiograohic inspection, if =so elected. If
materials involved arr not magnetic, liquid penetrant insperction of the
ront passes, to the requirements of MIL-STDL-278 may be substituted for
radiographic inspection. The structura’ adequacy of this welded joint shall
Le justified by analvais.
(gt Other desiong, Other desions mav be emplnyed if snecifically aprroved by the
drawing veview agsancy.

insert or alternate means {(which must be proven satisfactory to the drawing .

llesiqre ahall permit examination of all tube-to-tubn sheet jeints {or leakage at the outer
tube¢ speet Anring hyarostatic testing nt the void space brtween the tube sheets,

1.2.11.% Tube sheets of condensers for surface ships (pPxcept for U-Lend tube condersers
with removahle bundles lsre 3.2.9.2}) shall be welded to the condenser shell or to an extended
heck or collar section of the shell.  Tube sheets shall Le sufficiently larger than the shell
attachment to act as flanoes to which the waterboxes Fhall be bolted. Studs shall be used
to attach the waterboxes only where it 1s ispracticable to use throujl belts. When U-vend
tube removable bunule construction is utilizeu, the tube shoet shall be secured to the flange
of tne shell Ly throuyn bolts or stuus wnich anall extenc thfouyh the waterboux flange., Like- .
wvise, in U-bend tube removable bundle copstruction, studs shall be used only wnere it 1s
impracticable to use throuvan bolts. Desians shall be such that a posicivelv tiunt 1610t
between the tube snect and ghell flanee as peyptaired at al! tires and that *h1s joint will
nat be brokern when the watrrbos 8 reaovec. Aotordinygly, 1n U-bend ' uise removeble bundle
constructinn when throuoh bolts are usec, at l=ag* rvery second wolt spouie be s cnllar veolt.
l'olts, inzludinng ~ollar Lelus, gnal! Le reacwalle vithout refoving the waterts ». cCollar
belts shall have a squrre exiension beyurd the threads or one end far use with a wrench to
orevent turning of the bolt wher Lo nuts are tigntened or removed. As an alternative to
rollar belts, the aae nf continuocus threaucc stud bojts with the tube sheet threaded s
prrmitted - chese shall have Lthe wmuare cxtension on oae end.

—
[

3.2.13.5.1 wher necessary to fasten attachhurts to the tube shects, Btuds accessible
from the wuterbex o3 steam gpace shal!l Le used- strd Yoles shall not extend or pepetrate
through the tube shent unless the hnle 1s blanked by a brazed or we'lded elosure. Stuz holes

which penetrate tnrough the tube sheetl shall owe hydrostatically sested befare thee tute sheet
ia tubnd as srecified in 4.2.1.2,

1.2.'3.%.2 Inner tube shee

Marian reine
2= =g nar

ine conuensnr 3@l b weld
te. budles. !nner tuls-sSheats shall be sirfligrently - -
u act as fleneres to whick Lhe waterbuxes shall b

re n
except for L-Yenu tube whits wit- remo
larrer than the shell end attachmont t
bolted.,

PR PP Y
L
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L oLiirer BaAF, O,

3.2.13.%.3 For all waterbr: and tur e shiens boltrag o Sunb vtine apd $urfaese sl con-
densers, the following reguirensnts ahal! apnly:

fa)  Loltinc shall Le wLightened to o Stinuldte: prestres:
tnrcue wrehet, |
i1} Grawtn s shall contuln (NS rug:1014 COVe P L e

_ PIestresSnyre: 0 L L4
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{c} For submarines, bolting design including stipulated prestress valucs shall
be established as provided by 5DB-63 hereinafter, and supperting calculations
shall be furnished.

(d} Belting design shall allow margin between the ninimum and maximur. acceptable
prestress values. The margin shal) be sufffcinnt to grarantee that an
actual bolt stress which is 1/3 above the stipulaterd value is not greater
than the upper prestress limit, and that ap actual bolt prestress which is
1/1 below the stipulated value im not lnss thab the lower prestress limit.
Calculations supporting the upper and lower prestress limits shall be
furnished for submarine condensers.

(e) For submarines, studs used in sea water boundary application shall not be
physically reversible unless furcrionally reversihle.

3.2.13.6 Tube pupporting plates shall be so spaced that the unsupported tuba length

between tube sheets and support plates or between supvort plates will not exceed 3-feet.
Supporting plates [non-removable bundles) shall be welded %0 the shell or supported by angle
clipas welded to the ghell and welded nr bolted f£n the platrms. Holas in the tube supnorting
plates shall be arranged so that tubes do not chafe and so that a minimum of tuhe vibration
occurs. Tube sBupporting plates shall be at least 9716 inch thick and the tube holes in the
supporting plates shall be 41/64 inch in diameter with both edges of hrles rounde? off to a
radius of approximately 1/16 inch or chamfered using 1/16 inch - 45 degree chamfer.

3.2.14 Stays.

3,.2.14.1 When tubes are packed at one end (non-nuclear surface ship application) the
tube sheets shall be stayed with longitudinal through stays as necessary. The stays shall
be schedule 80 steel pipe with provisions for threading a tap bolt nr stud into eazh end.

3.2,14.1.1 Tap bolts shall be threaded into each end of the stay and backed out until
the heads bear on the inner surfaces of the tube sheets and shall be welded thereto.

3.2.14.1.2 As an alternative, tube sheets shall be drilied through to provide
passage for studs to be threaded ipto the ends of the longitudinal through stay. Acorn nuta
shall be threaded on the ends of the studs protruding from the exterior of the tube sheets,
shall be drawn up snug, bearing on the exterior faces of the tube sheets, and seal welded
thereto. Tap bolts and studs shall be of materiails specified for item (e) of table II.
Acorn nuts shall be of copper-nickel material of the same composition as the tube sheet, or
of nickel-copper alloy.

3.2.14.2 Stays shall not be fitted in the waterboxes except as necessary to support
the flat surfaces of circulating water inlet and ocutlet nozzles:; they shall be welded to
the walls of the nozzles.

3.2.14.3 In condensers having the shell extended for forming the main exhaust connec-
tion, sufficient stays shall be provided for the flat asurfaces involved. These steam-side
stayn shall be attached hy welding at the end and at points where they pagss through any plate

atiffeners to promote rxgidity of the structure.
1.2.15 Waterboxes.

3.2.15.1 Waterboxes shall be so propertioned as to provide saufficient area at all
points for easy flow of the circulating water, and for uniforn distrihution of water to all
tubes in each pass.

3.2.15.1.1 MWaterboxes of condensers for submarines shall be of hemispherical or
semi-~ellipaoidal form, except tha semi-ellipsoidal form snall not be used for these water-
boxes if the circulating water nozzle openinos or manhole or handhole onenings and their
reinforcements fall wholly or in part outside the central area of the waterbox hased on 40
percent of the waterbox diameter. Openings in the shell of the waterboxes for submarine
condansers shall be radial and the circulating water inlet and discharge nozzles ahal) be
straight and as short as is possible for the use of through holts in the flanges. Parmanent
marking on condenser waterboxes, except for flanges, is prohibited.

3.2.15.2 Except in the case of condensers for submarines, waterboxes may be lttffenod

== = - with ribs as necessary. Strengthening ribs‘'shall be places on the outside: * ==

n two or multlpnss condenaers. the j01nt brtween the partition edqe and the
h SRS Ra o oasw ifel  m i . & mbo Sa o o iy oo oo e

'_EEE aPpai1tL DE pruvxueu Wl.l'l'l a ljﬂlKetl Q' CIIE yame IMTEI'I.CIJ. &8 ‘!‘I.E gl:ur:
e sheet flange joint or, in Accordance with type I of MII~G-21£}0.

gﬂl
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sheats by through bolts esrending th¥ougn the tihe shes* or by studsy (ses 3.2.13.5). In
tU-pand tube removahle bundle constr-action the waterbox shall be secured to the tube sheet by
through bolts sxtending throush the tube sheaet and flang= nf the shell or by studs (see
1.2.13.5%).

MIL-C=)5%410J (EH1PS) .
31.2.15.4 Waterbnxes nf{ condensers for surface ships mhall ba secured to the tube I

3.2.1%.4.1 Waterbnxes of condeansers fnr submarines may have either internal or
axtarnal flanaea for attacheert to the tube shes*s. Studs ohall he used in internal flanges.
Stvds shall preject through holea in the outer and innar tube sheets with nuts on the
inner tuhe sheet aide axtarnal to the shell. This constructinn shall be vsed only if guide
Pins longer than the studs are provided tc facilitace installation of the waterbox and to
Prevent demage to the threads on the onds of -the studs. Such guide pins shall project into
holes in the tubhe shests which have Jens diametral clearance than the holes provided for the
studs., Calculations demonstrating the adeguscy af the guide pins shall be subritted tn the
arawing review agenry for apnroval. Allowal'e stress shall nnt excred 90 percent of the
yisld strength of the yuide pin material.

N . - _-— -a - - - oo - Rl

3.2.]5.4.1_] In the gesian of waterboxes for subtarines, full consideration ghall be
o1ven to the cyclic hature of the pressurc  sna water tuenperature, and externy) force
loading. besign shell be based on 200 cycles to the hydrostatic pressure specifiegd i(s=e 6.1.1),
20,000 cyclen to full design subtwrgence, anJ assoriated temperaturc variations and other
transients o8 specified {see £.1.)). An analysis of fatique loading on a cumulative damage
hasis srall be zubmittead to thr crawinyg review agepay {or approval.

3.2.3%.4.1.2 1n tne design of susmarine condenser waterboxes, the loaus exerved by
circulating water inlet and uischarge piping snall pbe calculated {from !-480 of SUbL-63.

3.2.15.4.1.3 Cohuensers with straighl tubes aesiyned forl submaring service shall have
an even pumbar of passvs, 30 that the circulating water inlet and outlet connections will be

At the sane end and the stresses in the ploing will, therefore, not affect the expansiorn or
contraction nf rhe wylws or shell.

3.2.15.4.1.4 vegidn of bLolted closures ahall be auch that piecrs thre&ded into
waterbox flanqes Jdo not require removal each time the rclosure is apaned,

3.2.15.4.1.% ¥here atudded pads arce ennlnyed for ac-ess openinas on submarine con-
dnnser watefrboxes, quide pins snall! bec nrovived to prevent damage o the threads on the
studs. Calculations demonstratirg the adequacy of the auide pins shall be pubmitted to the

drawing review eqency feor approval. Allowable stress shall not exceed %0 percernt of the
yield strength of the quide pin material.
»

3.2.15.4.2 Design of types 1. 11, and 111 condenser waterhoxns weighing more than
100 pourds shall provide for ready intcrior accessihility to permit nlugging tubes, caulking
©r replacing tube nackirg, nr re-exnanding the tube ends without removal of the waterboxes.
The relation of the contour of the waterbax at the perinherv to the position of the outer-
most Lubye ir the tebe burdle and the relatiaor of the peogsitiors of the tubes immediately
adracent. to the waterbox partition, above and below, shall be 3uch that these tubes may be
pluagad, using tube plugs in accor-dance withk MIL-P-15742 (gingle tube sheets), or the hmethod
specified in 1.9.7 (double tube shrets), or can be repackeu or re-expanded with the tools
furnisherd without removal of the waterboxes.

1.2.15.4.2.1 In order that rubes in types I, 11 and I1] condensers can he
“"probnolonged” with waterboxes in plare, the design spall provide a minimur clearance of
7-1/2 inches between the irside surface of the wateriox head and the outer tube sheet face
measured pervendicular to the tube ehect on the axis nf the cutarmose tuhe{s) in the tube
bundle. This clearance shall be pravided in both waterboxes. This does not aprly for

....... LR A N R T Y LY

1.2.15.5 waterbnxes of large condensers shall have manholes providing acress to all
tuhe enda and zincs f!when fitted)., Manhnles may be circular. oval, or rectangular.
ferrea minirum dimensions are 16 incnes diamcter or }2 by 16 inches. 1f for any reason
connected with manufacturer's design or shipbuilder's adjacent atructure, the preferred mini-
mum dimensidns prove to he impracticahle, smaller dimersions will bn Aaccentable, provided
the manufacturer demonstrates to the satisfaction of the cognizant OCAS or supervisor of
shinbuilding by nse of a full scvale mock-un. that an averane sized man can surncessfully plug
and tube end or repew any zinc by access through such smaller manholes.

Pre-
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3.2.15.5.1 Waterboxes of small condensers (type I. II and II1) shall generally have
sufficient handholes for access to all tube ends and zincs (when fitted). 1In some cases,
it may proved necessary also to utilize thea inlet and outlet circulating water oprninga for
access ton tubes or zinca. This shall be acceptable, provided tha' the necessity therefor
is noted on the outline drawing so that it will alert the shipbuilder to the necessity of
providing a short remnvable section in the adjacent connecting piping.

3.2.15.5.2 Except for type IV condensers, it shall not be necessagry to remve a
waterbox weighing more than 300 pounds in order to gain access to any tube end in order to
plug, re-axpand, or repack a tube., Except for type IV condensers, it shall not be neceasary
to remove a waterbox to examine or renew the sacrificial anodes (when fitted).

3.2.15.5.1 Singlepass condensers for surface ships shall be provided with an cbserva-
tion handhole on each waterbox, located above the topmost tubes, where it can be used for
observation in locating a tube leak. Such locatidn will be accomplished by applying air
pressure to the steam apace of the condenser and gradually filling the waterboxes and tukes
with sea water., so that as a leaking tube is filled and covered, air bubbles will appear at
the tube ends. Air venting manifold required in 3.2.15.8 may be made 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 shall be integral with the watar-
boxes, and the inlet noxzles shall be as nearly norma) to the tube sheet as practicable
for each inatallation lexcept in the case of & submarine condenser fsse 1.2,15.1,1}). GSharp
corners or edges in the flow of circulating water through the boxes shall be eliminated to
provide a amooth streamlined flow and zinc plates {when fitted), stays, and internal ‘it~
tings shall be arranged so that & minimum of interference with water flow and minimur turbu-
lence results. Entrance nozile may be of a diverging types (7-1/2 degree maximum taper).
In order to absorb high entrance velocities which may produce ernsion of tube ends by impinge-
ment effect, the inlet waterbox depth, measured normal to the tube sheet., shall'be not less
than one-half the mean tube sheet diameter, except that this depth need not excee« 435 inches.
For multipass condensers the mean tub~ sheet diameter shall be computad from the area of the
tube aheet exposed to water flow from the inlet sectinn of the head. For th+ return water-
boxes of twopass condensers, the interpsss watcrbox compartments of multipass condensers
and for outlet waterboxes, the head depth shall be not less than two-thirda of the d2pth

required for the inlet waterbox.

3.2.15.7 For surface ship condensers with scoop injection of circulating water, both
inlet noxzles {the scoop and the circulating water pump connez=tions) shall be desigred to
support the weight of the unsupported circulating water system components (piping and valves},
the water contained therein, and loads due tn hydraulic effects. The szize and weight nf the
unsupported sea water svatem cnmponents shall be as specified (see 6.).1). For dowble tube
sheet condensers, verification of the adequacy of the waterbox in thia regard rhall be sub-
mitted to the drawing review agency for approval. Maximum allmwable forces and morents
for both inlet nozzles shall be thown an the rondenser outline drawing.

3.2.15.8 Provisinn shrll be made for the venting and removal of entraiped air from the
inlet waterbox compartment and from the reversing watcerbox. An ai~- ventian wanifald extend-
ing acrnas tha entire top of the inlet waterhox nf sinc’apass condénterr for gurface shioa
shal) be provided. A vent nonrection on tan of the diacharge watnrbnx shall he nroviced.

3.2.15.9 Waterboxes nf surfare ship condanaers shall be ~rovided with bosees for con-
necting gajes and thermome+ers. Four Losses shall be provided on the meir- rondenser ovnr-
board waterhox notzlea rr adjacent piping of surface shipa for installerion of thermomnters
during tests. Bosses shall be located arcund the perimeter po that ar averaoe temperatere
of the circulating water discharge car be obtained. -

-

3.2.15.10 wWaterbox ronnections.

3.7.15.10.1 Flangca for openinga on watrrboxes (or surface ships shall Le in accord-’
ance with the applicable schedule of MIL-§1TL-777 in reqard to diameter, muminun thickness.
finish, and drilling. Flanges of gizns greater than thoss covered by MIL=STUL-777 khall be

subject to approval by the drawing review aoency.
»

3.2.15.10.2 Requiremcnts for opcnings on waterboxes for submarines shall v as speci-
fied (meg 6%1.]1). When flanyed oneninus are apecificrd, "O-ring” gashets shall Iw usrd be-
tween flanqges, the aoroove {or the “0O-ring” beiny furnisnea 1n the comranion. flanae an the
shiphulilder's piping. .. : - N ) v
p 3.2.15.10.) Studs and nuts shall be furnished anu inatalled by the condenser monufac-
turer in all pad tyoe flanges. . .



Downloaded from http://www.everyspec.com

MIL-C-15430J f{SHIPS}

3.2.15.11 For submarine watarboxes, vent, and drain conrections shall be made via
waterhox flange or tube sheet., in order tn avoid penetrating the waterbox shell.

3.2 15.12 For surface ship ronderrers, when the use of steel flanges is elected, a
ronstruction shall be used vhich will insure that the steerl cannot come in contact with
sea water., This shall be accomplished by lining the steel flange to a depth nf not less
than 1/1§ inch thicr with nickel-copprr alloy or 7N-310 copper-nickel alloy in accordance
with MIL-E-22200/4 or type MIL-EN-67 of MIl.-L-21562, or nickel-cnpper alloy in accordance
with MIL=-SH10 ol MIL-E-222107/) or types MIL~-RN6O or MIL-ENG6D of MIL-E-21562. On the face of
tne flanae this protection shall extend fron. the bore to at least the inner edge of the
bolt holes. The 3/16 inch thickness of the protecting alloy is a recuired minimum after
final machining of the flange. Tnlay thickness shall be verified after depositing {allowance
for machining must be provided) and after final machining of the flange verification of
thickness shall b= an inspection check-off item,
. 3.2.15.12.1 When the use of stec] slip-cn flanges is elected (see 3.2.8.4) for surface
ship condenser waterboxes the attachment of these flanges shall be in accordance with Mlil-
STLU=-22 weld joint design P-16. "D" values for pipe sizes over 16 inch diameter shall be
subject to apnroval by the drawing review agency,

PR,

3.2.15.13 wateruoxes fabricated of nickel-copner alloy shall have the inside surfaces
carefully costed with sclder (twn parts lecad, and part tin) to & thickness of not less than

1764 inch and not more than 1/16¢ inch. Examination of solder application shall be in accord-
ance with 4.5.8.

3.2.15.14 For submarine waterboxes an analysis o! bolting adequacy fnr sea water side
closures and connections shall be suhbmitted to the drawing review agenry for approval.

3.2.15.15 Condenarr waterbores and waterhox access covers shall be provided with lifting
ra’s or eyem nr other lifting devices to permit safe and efficient removal and manipulation,

3.2.16 Tubea and packinf.

3.2.)6.1 Unless otherwise sprcified in the case of condensers for some gsubmarines
lree 6.1.)), enndenmner tuhes shall be scamless drawn, 5/f inch (o.d.) with & wall thickness
of 0.049% inch (pumber )8 DBWG]. Unless atherwise gpecified (see 3.6.2.2}) tubes shall be
straighet,

3.2.16.> wWater irlets enos of tuhes shall pe exnanded and belled to Buit holes in tube -ga
sheets ar specificu 1n 3.2.13.3, then faced off flush with the surface of the tube sheet. o
Water gurlet =nde @f tubes shall ke expanied or packeu according to design. Outlet ends of

tubes may nrnject not mors than 3/1f i1nch bryond face of tubwe sheets, but in no case shall

the erd of the tubes be withir the surfane ©f the tube shert. In order that the tuhe metal

shall no* bLe overworked, tubrs shall b+ expanded by mcans of ap automatic tubc expander

~ontral. Frar cach cnndenser cesign {ar nurlear oropeollesl ships, the tube expander and

rnptral method shall ke subjent to precedors approval feee 4.2.4).  For non-nurlear prop=lled

Shipre, tube rxaansine may either he accamelished by a procedure which has been approved for

the givwen marerral anl jeant confinuratior in accordance with 4.2.4, ot by a procrdure based
on use of sxpander in a~Taruarce with M1LL-1580%,

3.2.)1.2.1 For single tuhe shienst cnnstrucrion, the oxpander shall be arljustesd sn thal
the depth of expansior dreg not extena fegther thap withier 178 inch o the inrer face of the
tuhe sheet.  'r sypanr'ipg the toghes g on doablle tule shests, care shill be taken *hat there j=
ne abrapt chanre A cnatenr of the aonsiee tube wall causerd be the tulie Apd expansinn. Ex-
pans1nn of the tube- 1n 'ne anner tule: shect bhnles shall start /8 inch inside the outer
fare-and &1all not srtene beyowd & rlene 17F aneh arcide She Cineer facdTef “the tube Bheet """ " 77"
Minirum lenrth of tube erpansion (Prewersed wall redectiont an the inper tube sheet shall
e W/8 it ary resainder fwithin above [irits) shall he eapoandd motal-to-metal as a
minimur.,

3.2.1L.3  wWnen tubes are povies tre paceina ghell e flestlhle metallie packina con-
‘urnang e MI]<F-2HL . Ferraler snaii vt bre vsen. The thresdige al the couaterhore shadl

Le used e neld the packico o blare,  Tune ends spaltl onot bee ynopures Ly #¥COSF1Ve nressure
wWhah thHe pack i 1S Instal b,

AL Lnus o Grennepgetr Luales stolloner g
oo nier S, Lgues Shallt bee ot vines Lian e fupge
ANNEeATe SO T anst i Tatie s 1ot
Tuessngpeer.,

Sbeectally anbcales 10t to installation
Revstaciurst in a satisfactoryly
furtuer annealine ©f e tute ciads wid] not e
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3.2.16.5 where Llind nipples are uBew in liic Jesiygn ab sLays Lelween inner and outer
tube sheets, they shall be made from a single piece of bar stock of the pame composition as
the outer tube sheet. Before the unit is placed in service, the open ends of these nipples
shall be plugged with tapered phenolic plugs in accordance with MIL-P-15742. Each nipple
chall pass the test specified in 4.5.5.

3.2.17 Pirtings.

3.2.17.1 Drain connections for steam and salt water sides shall be provided. Main
condenger inlet waterboxes on single shaft aurface ships shall be provided with a minimum

"2=1/2 inch iron"pipe size drain connection to which may be fitted a tee capable of accepting

a standard fire main jumper hose coupling. PFittings to be attached to this drain connection
(which will permit emerqency utilization of fire main water supply) shall ke provided by the
shipbuilder. .

3.2.]17.2 One or more protected liquid level gages conforming to type I of MIL-I-20017,
with ghock-resistant features, shall be provided for the condensate will and lower part of .
the shell of types I, Il and III condensers, to-indicate accurately the existing condensate
level in the condenser. Liquid level gages shall be located for optimum visibility by oper-
atora.

3.2.17.2.1 Liquid level gage and hotwell level control tap positions shall be located
and designed with consideration given to the velocity and pressure effects present in the
condenser, to permit accurate read-out and control of hotwell level during all phases of
condenser operation, including steam dumping.

3.2.17.2.2 When a make-up feed connection is required or condensers for submarines,
it shall be so designed and located as to prrmit maximum deamration of the make-un [eed
before it enters the condensate well. This does not nullify the intent of 3.2.17.3.§6.

3.2.17.3 In addition to the connections specified in 3.2.17.1 and 3.2.17.2, the following
connections shall be fitted as required (mee 6.1.1):

(a) Auxiliary exhaust steam (see 3.2.17.3.1).

{b) Air ejector guction.

le) Pirst effect evaporator coil drains for each auxiliary and one main condenaser
in each engine room. .

(d) Fresh water drain collecting tank discharge.

(e} Drain from iatercondenser of ajir ejector.

{f) Condensate recircuwlating.

(g) Condensate pump vent.

{h) Steam dump conpnwction (aere 3.2.17.1.1 and 6.1.1).

(i) Drains and vents for spaces hetween double tube sheets.

(3} Make-up feed.

(k) Hntwell level control connections as raquired.

(1) Turbire drains as required,

{m} Other connections as required by the shipbuilder.

3.2.17.3.1 It shall be the yesponsibility of the vendor te insure that auxiliary

exhaust}/ ard dump steamz/ are introduced into the condenser in surch a manner that ~cndenser
tubes, ghell and internals will not be damaged by high velecity steam or any mnisture picked
up and carried by the steam flow. Accomplishment of this shall be by means of the preasure/
velocity reducing confiqurations described in 3.2.17.3.1.2. In order to minimize moisture
pickup by auxiliary exhaust or dumwp steam, the pressure/velocity reducing configuration
shall be located above the centerline of the condenser tube bundle unleas ntherwise approved
by the drawing review agenry. Construction of the pressure/velocitv reducing configurarion
shall meet the requirements of MIL-STD-27B and the applicable requirements of MIL-STD-418

or MIL-STD-777 for the service. Structural welding shall be as apecified in 3.2.4.4.

"Auxiliary exhaust steam" means Steam which has been exvanded through an auxiliary prime

- .~mover - tn about 15 lbs/inzg. It is introduced into the condenser in order to conserve .
feed water. Two flow values ghall be used in. designing the condenser, a “full-power
ateady state condition flow" (see 6.1.1) which ghall be included in the determination
of condenser size (Ree 1.1.2.9), and a "maximum transient condition flow" (see 6.1.1}.
This latter value shall be increased by 10 percent to allow for eventual increased con-
sumptions by auxiliary machinery due to aging, and then -used as the basis for design of
the pressure velocity reducing configuration; it should not be used as & basis for deter-
mining condenser size (surface). :

Dump steam™ means boiler steam which is introduced into the condenser without having
done useful work in a prime mover.

L

2/,
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3.2.17.3.1.1 The vendor shall be responsible for ensuring that the steam dump and
auxiliary exhaust configurations are designed so that the auxiliary exhaust and dump spream
will not heat the turbine exhaust flexible connection (if employed) above itas maximum design
terperature {(see 6.1.1) or result in the pickup and carryover of water droplets into the
turbine. The vendor shall alsc be regponsible for ensuring that the fiexible connection
will not be damaged by high velocity steam or by any water droplets picked up and ‘carried
by the auxiliary exhaust and dump steam flow. The foregoing requirements also apply to the
high pressure turbine draxn connection and all other Openlngs which introduyce steam into the
condehser.” ** ' T T

3.2.17.3.1.2 Unless otherwise approved by the drawing review agency the pressure/
velocity reducing configuration shail be in the form of the perforated pipe and baffle which
shall have the following general configuration:

N
Y

Note: Other pipe and baffle configurations may be used provided they meet the guidelines
below.

SH 10476

Perforations in the pipe shall be such that the steam will exit evenly along 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 perforations to the edge of the baffle as measured from the center of
the pipe. Maximur. orifice or perforation size shall be 3/B inch diameter. The location

of tubes with respect to the baffle opening is optionai.

{a) For auxiliary exhaust ateam, the area L x W shall be such that the average
velocity of the auxiliary exhaust steam when expanded to a 29 inch vaguum
{referred to a 30 inch barometer) and passed through this area shall not
exceed 250 feet per second (ft/s) or 750 ft/s if the impingement tubes of
3.2.11.1 are installed between the auxiliary exhaust baffle and the tube

hundle and the regquirements of 1.2.11.1 are satisfied with respect to the

auxiliary exhaust baffle exit.

(b} For the steam dump, "L* shall be as nearly equal to the effective tube length
ap possible, allowing for shell neck where fitted and differential expansion
between the shell and steam dump pipe and "W" shall be at least three times
the steam pipe diameter "D". The impingement tubes of 1.2.11.1 shall he
installed between the steam dump baffle and the tube bundle and the require-
ments of 3.2.11.)1 shall be satisfied with respect to the steam dump bhaffle

. .- exit. For the steam dump .assenbly the vendor shall justify the structural
adéquacy of ‘the defign by submitting the followzng to the drawing review
agency for approval:

{1) Vibration analysis.

(2) Fatigue analysis (in accordance uxth SDBE-63) due to thermal and, pressure
loads for' the' number of Gperating cycles ‘specified (gee 6.1. 1. Operat-
ing cycles shall be based on the maximum dump steam temperature and
pressure (see 6.1.1}.

Multiple parallel pressure/velocity reducing confiqurations may be used provided the sum of
the individual areas and the sum of the individual lengths satisfy the relationships of (a)
or {b] as applicable.

3.2.17.3.2 1In type 1V condensers furnished as after and gland steam leak-off condensers,
the openings for introduction of the second stage air ejector steam and the gland leak-off
ejector steam shall be baffled to protect the tubes from impingement.
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3.2.17.3.3 when condensate recirculation is required to maintain adequate circula-
tion through the air ejector inter and after condenser, two connections shall be provided.
One, to be used only when starting up, shall be provided with a perforated or alotted pipe
inaide 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 impinge in
jet streams on any of them or on the turbine or condenser exhaust reinforcing stay rods.
The other condensate recirculating connection, for normal operation use, shall be s0 located
or ac piped inside the condenser shell that it discharges near the bottom of the shell,
but above the maximum condensate level, in such location that there will be no chance of
water droplets impinging directly on the tubes or being entrained by the steam flow and
thereby impinged on the tubes. -

3.2.17.3.4 Other openings (except turbine drain connections) which introduce water
,.or steam into the condenser shell, such as drain connections, make-up feed- connections,

condensate recirculation connection required for condensate pump regulation, and the inter-
condenser drain connection shall be treated in the same manner as the condensate 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). Provisions shall be made for venting the
upper end of any leg of the inter-condenser drain connection piping located inside the shell,
in order that the loop seal between condenser and inter-condenser will not be affected by

any siphon action in this piping.. N i -

! 3.2.17.3.5 Connections for introduction of turbine drains into the condenser shall
be so piped or baffled inside the condenser shell that the shell structure or tubes will not
be damaged by impingement of high velocity steam, or condensate entrained by such steam flow,
should a valve in a "normally closed after warm-up” drain line be inadvertently left open
or a steam trap stick open and allow a continuous flow of steam through the connection. Tur-
bine drain connections shall be treated in the same manner as auxiliary exhaust, and the re-
quirements of 3.2.17.3.1 through 3.2.17.3.1.3 shall apply 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 has been, in the past, a continual source of trouble in ship-
board condensers. Strict cumpliance with 3.2.17.3.1 through 3.2.17.3.5 is therefore of the
utmost importance. :

’ 3.2.17.3.6.1 Pipe and fittings in lines discharging steam or condensate or both into

the condenser shall (except for auxiliary exhaust and steam dump) be of schedule B0 thick-
ness, and shall be of type 116 or 116L stainless steel. Where fitted, baffles, screens, or

other protective devices shielding the discharge of drain connections shall be of type 116
or 316L stainless steel.

4 3.2.17.3.7 Relief valves. Relief valves for salt water side protection shall be ship-
bhuilder furnished. For submarine condensers, relief valves shall be mounted on the circulat-
ing water piping adjacent to the inlet waterbox of the condenser rather than on the water-
box. The following is intended as a guide to relief valve sizes:

Type of ship Type of condenser Valve gsize (inches)
Surface I 2
Surface . II, III 172
Surface v . 1/4
Submarines 1, 11 172

[T Ty
LDUuarL AnNTs

v 174

-

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

3.2.18 Zinc protectors.

! 3.2.18.1 2inc anode protection shall be provided for nuclear ship condensers in accord-
ance with MIL-A-19521 with the following exceptions:

{a) For pencil zincs tapered thread plugs, class A plugs shall be used.

(b} An acceptable alternate method of supporting pencil zincs is the use of
straight thread "O-ring" plugs conforming to MIL-F-21467 except plug body .
is to be solid and tapped in accordance with MIL-A-19521 for desired pencil
zinc, together with a straight thread tapped boss on the waterbox machined
in accordance with MS516142.

(¢) Pencil ancdes for submarine condensers shall be type ZDM of MIL-A-19521 and
shall be comprised of not more than 7 discs per assermbly.

23
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Compliance with MIL-A-19521, with above exceptions being noted if applicable, shall be certi-
fied by a drawing notation.

3.2.18.2 For non-nuclear ship condensers, zinc anodes and provisions for their attach-
ment are not required.

3.2.19 "0O-ring" gasket retention. All "O-ring" gasket retaining surfacea shall be of
such construction and material that the finish will be maintsined to that necessary for proper
sealing over the design life of the condenser {(see 31.2.3) considering the effeacts of the
working environment and periodic hydrostatic testing of the gasketed enclosure. Wwhere ferrous
materials form all or part of the “O-ring” peating surface, a non-ferrous weld clad over the
ferrous seating surfaces, or other technique as approved by the drawing review agency, shall

be used to maintain seating surface finish for the design 1life of the condenser. Design
of retaining grooves for "O-ring" gaskets shall conform to MIL-G-5514.

3.2.20 Epvironmental vibration. When specified (see 6.1.1), the condenser ghall be
designed and conatructed to withstand type I environmental vibration, of MIL-STD-167.
Maximum environmental vibration shall be as specified (see 6.1.1). Vibration analysis or
testing is not required.

3.3 Type 1, 'for main propulsion turbines or engines. ' TS T TR Rt e Rmmw i s

3.3.1 Material. Materials used in the construction of type I condensers shall be as
shown in table 1V,

Table IV - Material for type I and type II condensers.

Part Material Applicable document
Shells, tube support Steel, grade N MIL-5-24111
plates and gwash plates or QT
Steel, grade A or B ASTM AS17
Steel 1/psTM Ases
Ehell pressure/velocity Stainless steel, Commercial
reducing configura- type 316 or .
tions, tube protec- 3J16L .
tion baffles, bars, ) '
tubee or screens, and
piping and fittings
subject to internal
or external impinge-
ment
Waterboxes (for Nickel~-copper alloy, oQ-N-281
clags A) class A
Waterboxea (for Copper-nickel alloy, MIL-C=-15726 or
class B) compogition %0-10 MIL-T-16420
with reinforcing ribs
of composition 90-
10 copper-nickel MIL-C-1572%
alloy or of steel ASTM AS516
1

£71-‘0:- double tube sheet condensers procuring activity approval to use this material shall
be obtained.

3.3.2 Design.

3.5.2.1 Condenser arrangement with respect to the turbine or turbines, or engine it
gerves shall be as specified (see 6.]1.1}).

3.3.2.2 Condensers shall be of the double or singlepass straight tube surface type, as
gpecified {see 6.1.1), except for submarine service {see 3.2.15.4.1.3). Cooling water shall
be inside the tubes.
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3.3.2.3 Condensers with which ocoop injection is specified shall have waterboxes
arranged for singlepans. Waterboxes chall have a plate thickness of 3/16 inch minimum.
Waterboxes for gsurface shipsy may be sectionalized as necessary for handling with minimum
interference to adjacent machinery, piping, and ship's structure. Degree of sectionali-
zation shall be dependent on the machinery arrangement of individual ships and shall be
an approved by the drawing review agency in all cases.

31.3.2.4 Condensers shall be provided with adequate supports. Condensers npormally

shall be suspended from the exhaust flange of the low pressure turbine, shall be used as a
support or foundation for the main propulsion turbines, or shall be supported independently
of the turbine and connected thereto by means of an exhaust trunk expansion joint as apeci-
fled (see €.1.1)}). Shells for type I condensers shall have a plate thickness of $/16 inch
minimum. Condenser shells shall be reinforced to withstand the stresses involved in either
arrangement, and brackets for attachment of sway braces shall be provided, as required, for
suapended condensers.

3.3.2.5 Design shall be given careful consideration in order that a low pressure drop
across the condenser and a low temperature differential between the vacuum and discharge
circulating water temperatures are obtained. ©Design shail be such that the diiference be-
tween the temperature correaponding to the absolute pressure at the steam inlet flange and
the condeansate temperature at the condensate pump suction shall not exceed 1°F at full-
load condenser rating with 65°F or higher inlet circulating water temperature or 2°F under
all other conditions of operation, and that the oxygen content of the condensate measured
at the condensate pump diacharge shall not exceed 0.05 milliliter per liter ml/1 (0.07 parts
per million {(p/m)) under these operating conditions in condensers for non-nuclear powered
ships. Condengers for nuclear-powered surface ships or submarines shall be designed so
that the oxygen content of the condensate measured at the condensate pump discharge =hall not
exceed 0.01 ml/1 (0.014 p/m} when the condenser is operating at design conditions, nor more
that 0.02 ml/1 (0.028 p/m) of oxygen at 50 percent full-power load.

3.3.2.5.1 To accomplimh these requirements, the tube sheet layout ahall provide for
the most efficient steam diatribution that can be obtained by spacing the tubes in a con-

verging pattern, or by steam distribution or reheating lanes, or other design ahall bhe uned

to accomplish this purpose. The total area of the tube holes in the tube sheet shall not
exceed 22 percent (for condensers designed for 1-1/4 lb/lnza pressure or less at the steam

inlet} or 24 percent (for condensers designed for higher pressure than 1-1/4 lbflnzn at the
steam inlet) of the total tube sheet area exposed to circulating water flow, the tube shect
ares being determined prior to drilling. In condensexs in which the design includes space
for steam flow between the ahell and tube bundle, the tube sheet being smaller than the shell,
this space shall be included as part of the tube sheet area axposed to circulating water flow.
Plow of steam shall be such that the best practicable advantage is taken of the difference

of pressure between the steam inlet and air ejector suction and such that the cooling sur-
face of each group of tubes is moat effectively utilized. Main steam inlet opening or open-
inga ahall be as large as possible and shall be arranged so that the steam is uniformly dis-~
tributed over the entire tube surface. Tube sheet layout shall also provide for a suffi-
clent number of tubes for precooling the air ejector suction. Such tube aurface shall be not
less than 6 percent of the total cooling surface.

3.3.2.6 In the flow of circulating water, the arrangement of waterboxes and water
passas shall be such that as npearly as possible egual distribution of water to all tubes is
obtained, that turbulence of friction is minimized, and that erosion and corrosion caused by
excessive velocity or entrained air are eliminated to the greatest posasible extent in the

design.

3.3.2.7 The water velocity entering the inlet nozzle, or the waterbox if diverging
nozzle (7-1/2 degree maximum taper) if used, shall not exceed 11.0 ft/s on scoop injected
singlepass condensers, or 9.0 ft/s on doublepass condensers used on surface ships, or 11.0
ft/s on doublepass condensers used cn submarines. The average water velocity in the tubes
shall not exceed 9.0 ft/s in scoope injected singlepass condensers, or 7.5 ft/s in double-
pass condensers used on surface ships, or 9.0 ft/s in doublepass condensers used on submar-
Anes. - -

3.3.2.8 The vacuum requirements shall be as specified (see 6.1.1). Unless otherwise
specified (see 6.1.1), performance calculations for condensers for surface ships shall be

- b e e e = -
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3.3.2.9 Condenser surface shall be based on a heat transfer rate (British thermal
units (Btu) per square foot per hour per *F logarithmic mean temperature difference) of
267 times the square root of the average water velocity through the tubes ft/s, corrected
by the following factoras:

0.85 for tube cleanliness.

.90 for 19 BWG, 90-10 copper-nickel tubes.

.83 for 16 BWG, 90-10 copper-nichel tubes.

.82 for 18 BWG, 70-30 copper-nickel tubes.

+17 for 16 BWG, 70-30 copper-nickel tubes.
1.025 for 75°F or 0.962 for 65°F inlet water temperature and an assumed heat
rejection to the circulation water equal to at least 950 Btu per pound of steam
condenaad.

1f deternined by heat balance calculation that the total heat rejection to the circulating

water will ba lesas than 950 Btu per pound, the actual figure may be used, if more than 950
Btu, the higher value ghall be used.

3.3.2.10 Exhaust connections. . . . . T
J.3.2.10.1 Main condenser exhaust connection to a propulsion turbine located above

the condanser shall be a continuation of the condenser shell and shall be provided with a

tlange for connecting to the exhaust casing flange of the turbine. When the condenser forms

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 pressure pumping with a sealing

compound, should lewskage develop in service. Flat surfaces shall be stiffened in such a

manher as not to interfere with the flow of exhaust steam,

3.1.2.10.2 Securing turbine to condenser. Where the turbine and the condenser are
bolted directly together, their flangea, steam exhaust and steam inlet, respectively, shall
be drilled by their respective manufacturers, except that holes for bodybound bolts will
be finlah reamed by the shipbuildey at installation. Condenser flange shall be drilled to
& texplate fumnished by the turbine manufacturer. Gasket (if required), through bolts, and
stud bolts between the turbine and the main condenser shall be furnished with the condenser,
and studs {one-nut studs) and tap bolts shall be furnished with the component tapped for same.

3.3-2.10.3 Access. Adequate access for examination of condenser internals ghall be
provided, sapecially in those orecas where steam or water are released into the condenser, and
for cleaning out the hotwell. For type I condensers & manhole {or manholes) shall be pro-
vided in the top of the condenser shell for access for examination of the entire upper section
of the tube bundle and the ahell areas adjacent to the steam inlet{s}, including baffling
when fitted. Tor condensers !itted with & steam dump or an auxiliary exhaust steam connec-
tion or both, manholes (or examination openings in type II or 111 condensers) shall be pro-
vided to permit examination of the condenser interior in the vicinity of the connection. or
of sach connsction 1f both are provided.

3.3.2.10.4 Flexible connection between turbine and condenser. Where the turbine and
the main condenser are connected Ly a common Ylexlble connection, it will be necessary for
the turbine and condenser manufacturers to maintain close lialson with the shipbuilder to
develop a coordinated installaticn procedure. Since the flexible connection will have a
fized Isve-to-face dimmnsion and predrilled flanges {tc permit interchangeability between
propulsion units in the ship class), it may be necessary (at the discretion of the ship-
builder} to lsave the turbine or condenser flange undrilled until installation to insure
proper alinenant and installation of bolting. Regardless of wha furnishes the flexible
conhecticon, and regardleas of whether the turbine and the condenser are furnished under the
sane cr different contrsctis), the turbine and condenser manufacturers shall each be re-
sponaible for providing bolting and & gasket (if required) where their respective components

arrarh +n tha ommnn connactian
o Lhe

- =il dr CRROeTLiln.

% = 3.3.2.10.5 _Unless-otherwite specificd (see 6.1.1), the flexible connection between-the - —~=""=- *
turbine and condenser shall not be furnished with the condenser.

3.3.2.10.6 Pads ghall be placed on the exhaust connection in an accessible location
for the installation of two temperature indicators, and for cornnection of a dial type vacuum
Qage. Temperature indicatora and gages shall be so located and connected as to chtain a
messure of the average conditiaon.
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3.3.2.11 Unless otherwise specified (see 6.1.l1) temperature indicators will be fur-
nished by the shipbuilder. Condenser manufacturers shall provide and install the wells for
A the temperature indicators as required in 3.3.2.11.3,

3.3.2.11.1 Temperature indicators shall be installed in the following locations:

{a) Exhaust connection as close to turbine as practicable, One indicator shall
be installed for indicating the normal temperature sncountered. An addi-
tional indicator shall be inatalled to indicate the timperature of the
exhaust steam when the ship is running at full-power astern (see 3.3.2.10.6).

(b} l1-Circulating water inlet (see 1.2.15.9). .

(¢) 1-Circulating water outlet (see 3.2.15.9).

{d} 1-~Cocndensate well. ({Suitable pad for installation shall be provided on the
condensate well.)

L] 1.3,2.11.2 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
ig difficult for access for reading. Exhaust steam temperature indicator for ahead operation,
in either case, shall be of such design that it will not be damaged when“subjected 'tc ‘astern
ateam temperature.

3.3.2.11.3 Wells for steam and condensate temperature indicators shall be of corrosion-
resistant steel in a~cordance with MIL-W-24270 and MIL-W-24270/3, Wells for sea water tem-
perature indicators shall be of the same material as the waterbox or of nickel-copper in
accordance with MIL-W-24027, and the form shall be in accordance with MIL-W-24270/3. Drawing
B10-1385517 may be used as a guide for installation of wells.

] 3.3.2.12 Unless otherwise specified {(see 6.1.1) an 8-1/2 inch vacuum gage shall be
provided for each condenser by the shipbuilder. Vacuum gage for surface ships shall conform
to MIL-I-18997/1. Vacuum gage for submarines shall conform to MIL-I-18997/1 except that the
range of the scale shall be 0 to 36 inches of Hg and shall be so constructed that when sub-

jected to a case pressure of 30 pounds lblinza no damage will occur to the pointer or pointer
stops. Gages will be mounted by the shipbuilder. In addition for submarines there shall be
provided by the shipbuilder a nonmercurial absolute pressure gage. Gage piping shall in
accordance with Drawing 8l0-13B5850, -

3.3.2.13 Design of the condenser shall 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 Type II for turbines of steam turbo-generator sets.

( . ¢ 3.4.1 Material. The materials used in the construction to type 11 condensers shall be
—— as shown in table IV.

3.4.1.1 Materials for type 1l condensers for submarine service shall be as specified
in table IV, except waterboxes shall be nickel-copper alloy in accordance with class A cf
QQ-N-281.

3.4.2 Design.

3.4.2.1 The requirements of 3.3.,2.2, 3.3.2.5, 3.3.2.5.1, 3.3.2.6, 3.3.2.9, 3.3.2.9,
3.3.2.10.2, 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 and turbulence to a minimum. Fabricated waterboxes shall have
a minimum thickness of 3/16 inch.

3.4.2.3 Condensers ,shall be prov;ded with adequate Supports if furnxshed as secparate .

~w2s® 2w emem o wynits, 'of- shall be furnished as’ part "of "a" packaged ‘stdam turbb-generator Bet, designed to be
supported from the turbo-generator bedplate or to support the turbine, generator and re-
duction gear (if provided), as specified (see 6.1.1).

3.4.2.4 Unleaa otherwise specified (see 6.1.1) condensers furnighed as separate units
shall not be provided with a flexible steam inlet connection.

3.4.2.5 When a condenser is furnished as part of a packaged turbo-generator set and is
designed to be supported from the turbo-generator bedplate, the necessity for a flexible
connection between the turbine exhaust and the condenser steam inlet shall be determined by
the turbine and condenser manufacturers. If required, the flexible connection, bolts, and .
gaskete (if requxred) shall be furnished by either the turbine or condenser manuf2cturer as
mutually agresd. Condenser drawings shall indicele what is furnisied witihv the cendenscr.
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! 3.4.2.6 Pads shall be placed on the steam inlet of the condenser as close as possible
to the turbine srhaust flange for installation of a temperature indicator and connection of
a vacuum gage. FPacds shall also be provided for inatallation of the temperature indicators
specified in 3.2.4.7(b), (¢}, and {(d). Condenser manufacturer shall provide and install the

wellas for the temperature indicators. Requirements for temperature indicator wells are spe- '
“eified in 3.3.2.11.2

] 3.4.2.7 Temperature indicators shall conform to MIL-I-17244, Distant reaging dial
type indicatora may be subatjituted when location is difficult of access for reading: such

indicators shall be in accordance with class C of MIL-T-19646. Indicators shall be installed
to indicate temperatures of the following:

{a) Exhaust connhection, as close to turbine as practicable {one).
{b) Circulating water inlet {one).

{c)} Circulating water outlet (one}, "
(d) Condensate well (one}.

3.4.2.7.1 Unleas otherwise specified (see 6.1.l1} temperature indicators will be supplied
by the shipbuilder.

3.4.2.8 Sea water velocity entering the inlet waterbox nozzle, or the waterbox if a
diverging nozzle {7-1/2 degree maximum taper) is used, shall not exceed 9.0 ft/s and the

average Aea water velocity in the tubes shall not exceed 7.5 ft/s under any condition of
operation.

1.5 Type III, for auxiliary steam turbines or steam reciprocating engines.

3.5.1 The requirements of 3.4.1, 3.4.1.1, 3.4.2.1, 3.4.2.2, 3.4.2.4 and 1,.4.2.6 through
3.4.2.8 nhall apply.

3.5.2 Condensers shall be provided with adequate supports.

3.6 1V, for condensing gland leak-off vent or steam, including ateam from ship's
heatin% drain system vents; also for service as comblned alr ejector alfter condenser and
gland leak-oft condenser for submarine sea water cooled applicatlion.

‘ 3.6.1 Material. Materials used for the conatruction of type IV condensers shall be

as shown in table V. Materials for parts not listed shall be of the quality best suited for
the purpoae intended.

Table Vv - Material for type IV condensers.

Part Material Applicable document
Shells, tube support plates Steel MIL-24113
and swaah plates
Steel, grade A or © ASTH A537
Steel 1/astt Asss
ASTM Al06
ASTM AS16
Shell pressure/velocity Stainless steel type 116 Commercial
reducing confiqurations or 316L
and tube protection
baffles, bars, tubes
and screens and piping
and fittings subject to
internal or external
impingemant
Waterboxes (for class A) Copper-nickel alloy, MIL-C-15726
composition 70-30
) ’ CToT " Copper<nickel alloy, |  MIL-C-2015% i
composition 70-30, cast
" Bae lootnute at end ui table. -
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Table V - Material for type IV condensers (cont'd).

Part

Material

Applicable document

Waterboxes

(for class B)

Copper-nickel, alloy,

MIL-C-15726 or

composition 9%0-10 MIL-T-186420

with flanges and reinforcing

ribas of composition 90-10

copper-nickel, or of MIL-C-15728

ateel ASTM AS16
Copper-nickel alloy, MIL-C-20159 |
compoaition-50-10, cast : -
Bronze; nickel-aluminum, MIL-B-24480

cast

Bronze, tin, sand ASTM Bl43 ]

castings, alloy 903
.or 922

T e A

l-/E‘or double tube sheet condensers; procuring activity approval to use this material shall

be obtained.

3.6:2

.. Xs.2.
tubes,

Basign.
3.6.2.1 The requirements of 3.3.2.6,

3,3.2.13 and 3.4.2,8 shall apply.

2 Condensers may be of the straight tube type or may be provided with U-bend

a single plane.} and shall have the cooling water inside the tubes.
the minimum radius of the U-bends shall be 15/16 inch:

1.6.2.

3.6.2.

except for submarine service (see 3.2.15:4:1.3).
division plates shall be smooth to redice wdter friction and turbulence to a minimum,
boxes for surface ships shall have a minimum thickness of 3/16 inch.

3 condensers shall be provided with supports.

{U-bend tubes arée tubeés formed into a continuous bend of not more than 180 degrees ih

If U-bend tubes are used;

4  Condensers may have waterboxes arranged for single or multipass circulation

Internal surfaces of the waterboxes and
Water-

3.6.2.5 cCondensers shall be provided with an adequately sized atmospheric vent and shall
be B0 designed that the total amount of steam and air entering the condenser will vent to
atmosphere without exceeding the design working pressure in case of failure of circulating
water gupply.

3.6:2.

& Gland leak-off or vént Bteam condenders shall have sufficicnt surface to con-

.denae the amount of ateam and cool the amount of air aa specified {see 6.1: 1} and unless

otherwise specified (see 6.1. 1) shall vent the air to atmosphere at a température not exceed-
ing 35'F above design inlet watef témperature for surface ships and 15°F abové design inlet

water temperature for submarines.

3 6 2.7 Cohdensers used to condénge Steam vented from a shxp 8 heating drain system
equipped with an air &jector shall be prov;ded with an after condenser section for the air

ejector.

The two condensing sections shall bé conitained in a common shell, and the desighn

shall ihcorporate positive provieion against leakage from the after condenser section into

the vent condensing section.

3.6.2.8 Unless otheifiiise specified (see 6.1.1), the témperature of the air vented from
combination after and gland leak-off condensers for submarines shall not exceed 15°F above
design inlet water teéemperature with one air ejector operating or 65°F abDVE desgign lnlet

water temperatire uith both air ejectors operating.

3:6.2.9 Type 1V condenser performance shall be based on 85%F 1n1et circulating water

temperature

(see 6.1.1} ahd 85 percent clean tubes:

. 3.6.2.10 Bafflxng shall be provided inder the ateéam inlet to protect the adjacent
tibes from impingement of high velocity steam and moisture entraified in the steam flow.

L
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3.7 1Identification plates. Each condenser shall bear an identification plate in accord-
ance with types A, B, C, or D of MIL-P-15024 and MIL-P-15024/5 with material choice being
limited to the wrought brass, cast brass, cast bronze Or corrosion-resisting steel prescribed
therein. Provision shall be made for the following information:

(a) Name of unit.
(b) Type and class of unit (gsee 1.2).
{c) Serial number.

(d) HNational stock number if required (allow 20 spaces).
(e} Name of manufacturer.
(£} Contract or order number. (The procuring activity's contract or purchase
order number.) (Utilize width of plate to allow maximum number of spaces.)
(g) Blank space for Government inspector's Etamp,
(h) Blank space tor "Unit number” {allow 2 spaces). (This space shall be used
for numbering for 'shipboard reference ‘purpdses” - stamping to be done by . o
the shipbuilder).
{i) Hydrostatic test pressure, shell side.
(j) Hydrostatic test pressure, tube side (For submarine application, no entry
shall be made in space). [
(k) Hydrostatic test pressure, inter-tube sheet void space (if applicable).
{For submarine application, no entry shall be made in this space).
(1) Date of manufacture.
{m} Designation "U.S.".

1.8 Painting. Condensers shall be painted as gpecified hereinafter:

{#) External and internal non-ferrous surfaces of waterboxes and tube sheets shall
not be painted. Internal ferrous surfaces shall not be painted.

(b) External surfaces of the steel shell and steel inner tube sheets shall be
thoroughly cleaned and coated with two coats of heat-resisting paint in
accordance with TT-P-2B. External asurfaces of steel reinforcing ribs and
flanges on waterboxes shall be thoroughly cleaned and coated with two coats
of zinc-chromate primer in accordance with formula B4 of TT-P-645.

3.9 Repair parts and tools. Lists of stock repair parts, onboard repair parts, and
toola, shall be developad as provisioning lists as specified in the contract or order {see
6.1.2).

3.9.1 oOnboard repair partes and tcools. Onboard repair parts set is defined as the
assemblage of repalr parts and special tools carried onboard ship for maintenance use.
Special tools are defined a5 those tcols not listed in the Federal Supply Catalog. (Copies

of this catalog may be consulted in the office of the DCAS.) For all ships the set shall
include the following: .
(a) Zinc anodes {see note) - - - - - - - - - - 100 percent,
(b) Tube packing, if used - - = - ~ - - - e 16 percent.
(c}) Gage glasses - ~ = = = = - = = = = = = - ==~ - 25 percent. {Minimum:1)
{d) 1In addition for nuclear propelled ships:
(1) "O-ring” gaskets - - = = = = = = = = = =« « = = - 100 percent
(2) Tube expanders (for double tube
sheet condensers only}) - - = = = - = = = = = = = One of each size re-

quired (see 3.2.15.4.2
and 3.2.15.5.2),
{3) Right angle gear drive and ex-
tenaion({s) or flexible shaft
for operating the tube ex-
panders and permanent tube plug
ingertion tools (see 3.9.2)
as required - = = - = = = - - v .. === - - - One
{4) Tube plugs in accordance with
MIL-P-15742 for temporary
plugging of tubes (double
tube sheet condensers only} - - - = = = = = - = 10 percent of total
number of tubes to
maximum of 100 plugs.

o
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(5] FPermanant tube plugging tool set
{ssa 3.9.2) for surfacs ship

double tube sheet condensers
Only - = = = = =~ e @ e e s e mecanaa---0ne

ROTE:
Where pencil zincs are fitted there shall be supplied 25 percent of supporting
plugs or 100 percent of plugs for one condenser, whichever is the greater. -
Pencil plug subassemblies shall not be listed.

tool set. For nuclear propelled ship condensers,

1 3.9.2 Permanent tube pluggin
permanent tube pluggling tooE sets shall be furnished as apecified (see 3,9.1(d) (5} for
surface ships, and €.1.1 (for submarines). Tool set shall be based on the following:

(a} Tools shall be provided for removing the tube end from the hole in the
outer tube sheet, across the space betweeen the double tube sheets and
for finishing the tube end flush with the cuter face of the inner tube
sheet free from burrs. Tools shall also be provided for expanding the
permanent tube plugs {see (b)) into the tuba hole in the outer tuba
sheet and into the tube end in the inner tube sheet. Such tools shall
be arranged for power operation, including the use of the right angle
gear drive, extensions or flexible shaft therefor specified in 3.9.1(d)(})
if required for permanent plugging of those tubes adjacent to the
periphery of the waterboxes or the waterbox partition (see 3.2.15.4.2 and
3.2.15.5.2).

(b} Permanent tube plugs shall be fabricated from condenser tube stock of sane
material as the condenser tubes and of proper gage so that, when turned
down to fit inside the tube end in the inner tube sheet, the wall thickness
will be not less than that of the condenser tubes. An end plug in accord-
ance with MIL-C-15726, composition 70-30 or 90-10 aa applicable, shall
be welded into the smal] diamete~r end of the tube plug. Aliternatively.
the permanent tube plugs may be machined from bar stock in accordance with

~ MIL-C-15726, composition 70-310 or 90-10 as applicable, with the above limi-~-
tation as to wall thickness. Each permanent plug shall pass the inspections
gpecified in 4.5.5.
(¢} Tapered phenolic tube plugs in accordance with MIL-P-15742 shall be provided
q for plugging the open end of the permanent tube plug after the permanent

piug has been installed and the installation proved satisfactory.

3.9.2.1 Condenser manufacturer shall forward the following to the drawing review agency:

{a} Permanent tube plugging procedure. .
{(b) bDrawing(s) of the permanent tube plug and tools (including tapered tube plugl.

{(c) bDrawing(s) showing the permanent plug and each tool in its proper position
in the tube end or permanent plug.

3.9.2.1.1 The drawing(s) and procedure specified in 3.9.2.1 shall be included in
the condenser technical manual.

' 3.9.2.2 For types 1, II and II1I condensers it shall be demonstrated to the satisfaction
of the cognizant DCAS, or Supervisor of Shipbuilding by mecans of a full-scale mock-up, that
the tools provided can be used satisfactorily within the confines of both waterboxes (sce
3.2.15.4.2 and 3.2.15.5,2) using the access openings provided thergon. Use of the condenser
waterboxes and dummy tube sheets is suggested. Such dummy tube sheets shall be provided

. .with at least three test jigs, and located in the positions of the tubes closest to the per-
““““““ iphery-of-the waterboxes and the waterbox partition. The tightness of the permanent tube - -
plugs, when expanded into the tube end and the tube hole in the outer tube shect shall bhe
demonstrated, the expanding being accomplihsed inside the confines of the waterbox. Tight-
ness.of the tube plugs shall be demonstrated by a hydrostatic test pressure equal to specified
submergence test pressure in the Space betwecen the simulated tube sheets of the test jigs.
If the same plugs and tools have been successfully used in a previous demonstration on water-
boxes of the same design, there may be substituted for the mock-up and tube plugging described,
a demonstration of ability to position tools and plugs as for use in cutting out and plugging
the: most inaccessible tubes (as described above); this shall be done to the satisfaction

of the DCAS or Supervisor of Shipbuilding.

31



Downloaded from http://www.everyspec.com

MIL-C~-15430J (SHIPS}

1.9.2.2.1 For type IV condensers, a demonstration shall be made in the same way of the
satisfactoriness of the tools provided, except that the requirements of working via the
waterbox access 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 conjuction with
type I or II condensers and permanent tube plugs and tools demonstrated for the larger
condenser are applicable to the smaller condenser, it shall not be necessary to redemonstrate
their use on the latteyr. Upon successful completion of the demonstration, the condenser
manufacturer shall submit a letter certifying the capability of the tool set to fulfill ita
intended purpose. The letter shall contain the signature of the DCAS or Superviscr of Ship-
building witnessing the demonstration, and it shall be submitted to the drawing review agency.

o B .an - ‘ - -

- 3.9.2.3 Each tool set shall conta$n the 'following:

(a) 100 permanent tube plugs (for each type of condenser).
{b} Tapered phenolic pluys equal to the number of permanent plugs. 1
(c} One each of all tools required to install the permanent plug (including bevel
gear, extension, universal joint, or flexible shaft if required, however
a drive motor shall not be furnished).
{(d) One spare set of tube cutter bits {if tube cutter is used),
(e} One spare set of rollers for each expender.
(f}) One copy of procedure and drawings referred to in 3.9.2.1.

3.9.2.4 Each tool set shall be contained in a sturdy metal tool box suitable for the
‘intended purpose. The outside of each tool box shall be marked as follows:

(a) Nomenclature - "Tool Set for Permanent Plugging of Tubes in Double Sheet
Condensers”.

{b} "Tool Set HSN - {add if available)”.

{c) Condenser manufacturer.

{d) Name of component and its CID (APL) number.

(e) Contract number.

(f) Applicable ships.

{g) "Tube plug HSN - (add if available)™.

3.10 Technical data. The supplier shall prepare drawings, design report, technical
manual, microfllm, aperture/tabulating cards, list of onboard and Stock repair parts and
listing of aperture cards in accordance with the data ordering documents included in the
contract or order {(see 6.1.2). ‘

3.10.1 prawings. 1In addition to the drawing content required by the data ordering
document the unigque technical features specified in 3.10.1.1 through 3.10.2.1 shall be
included. Proposed areas of departure from the specifications must be explicitly requested
with supporting basis and, if accepted by the drawing review agency, they shall be callegd
out as exceptiona in the certification data sheet statement of conformance.

3.10.1.1 An external arrangement érawing, called “Qutline Drawing™, shall ghow all
necessary external views of the unit, shall include all external dimensions required for
reproduction on ship's machinery arrangement drawings, for guidance of the shipyard in de-
eigning the foundation structure for the unit, for installation thereof, and for connection
of the unit to the external piping. DUrawing shall show the space required for removal and
repiacement of tubes, removal of waterboxes, covers of access openings, zinc-anodes (if
fitted), locatlion of lifting luys or eycbolts provided for handling of the unit or its
components and size of openings therein provided for lifting, center-of-gravity information
for dry and operating conditiona, and allowable forces and moments for waterbox inlet nozzles
on surface ship scoop injected condensers {(sce 3.2.15.7).

3.10.1.2 A drawing showing complete longitudinal and transverse cross-sectional views of

o 2k el L a3V ool A moa ek Yo This drawing shaoll shos :

U U i T ST

the unit shall be called MROBCEWLY Urawinq‘. iNi8 arawing sndili BnowW the riationgnip of

all parts, arrangement of tubes, method of tube end expansion and baffles., Liberal use of

enlarged views or sections shall be made. If neccessary, subassembly drawings conforming to

the above may be furnished for individual components of the unit. The drawing or drawings

shall be such that a thorough understanding of the design and construction of the apparatus .
may be obtained without reference to related detail drawings. -

1.1n.1.2.1 The aﬂﬁnmhly draving shall co ain a lia ials
all parts

SeaUsdadeas asgembly cravin g 1al2 <On

parts with identifying numbers and materials of

* t of mater
* L of mater

J.10.1.2.2 The drawing shall bcar a certification that the zinc anodes provided comply
with the requirements of MIL-A-19521 (nuclear ship condensers only].

o
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] 3.10.1.3 Detail drawings of all major parts such as shell, waterboxes, tube sheets,
tube supports, and baffles shall be furnished. Drawings shall be completely dimensionead,
with finishes and welding symbols indicated, as required for manufacture. For submarine
condensers, all submergence pressure boundary weld jointe shall be identified by a unique
weld joint identification number.

[] 3.10.1.4 Certification data sheet shall be furnished and shall include a tabulation
of the following data: T

{a) Curves showing absolute pressure (inches of Hg) obtainable versus heat loading
(Btu) for inlet circulating water temperatures of 2B*, 45*, 65°, and B5"F
at ecirculating water flows of 1/4, 1/2 and full design quantities for conden-
sers serving submarines, or 45*, 65*, 75", and 85°F.for condensers serving
gurface ships. Heat transfer rates shall be calculated as specified in

ee v+ +4 . 2+ --3.3.2.9 using correction factors of 0.520, 0.745, 0.962, 1.025 and 1.060. . . —c. - wun
: for 45*, 65%, 75%, and B5°F inlet circulating water temperatures, respectively.

(b} Quantity of steam from main turbines at full and various partial loads or
quantity of steam from ship's generator turbine at maximum rated-load.

{c) Quantities of auxiliary exhaust provided for in the design in pounds per
hour (see 3.2.17.3.1}.

(d) Total quality of condensate including estimates and tabulation of turbine
exhaust, steam dump, auxiliary exhaust steam (design steady state condition},
make-up feed via deaerating tank, recirculating water from feed tank, dis-
tilling plant ceil drains, air ejector intercondenser drains, surge tank
vapors, and all other drains or connections involving the condenser conden-

-
Sats.

Number, o.d., wall thickness and ordering length of tubes.
Total cooling surface and the subdivision of this surface alloted for air
ejector suction pre-cooling.
(g) Quantity of circulating water for full-power or rated-load conditions and
its temperature rise.
{h) Velocity of circulating water at rated-load in the tubes of each pass with
the total friction drop in feet from inlet to outlet connection at rated-

-~
(%1 ]
—r

load. -

{i) calculated initial temperature difference, logarithmic mean temperature
difference, and final temperature difference at full- or rated-load,

(j) cCalculated value of heat transfer coefficient at full-load under specified

conditiona.

tk)] Predicted condenser pressures {inches of Ng absolute) that will occur at the
design dump steam flow with circulating water at design inlet temperature
and full pump flow.

{1) Dry weight, operating weight, and flooded weight (flooded steam, and sea
water sides) of condenser.

{m} Hydrostatic test pressures for all pressure parts. (In case of condensers
for submarine service hydrostatic test pressure of waterboxes and space
between tube sheotas shall not appear on the drawing. Reference shall be
made to the appropriate salt water piping system diagrammatic drawing as
a source of this information, with a notation confirming that the test
pressure value for the salt water side also applies to the double tube
sheet void space.)

{n) Name and address of manufacturer of condeanser tube packing.

{o) Number of condensers per ship,

(p) List of critical materials (see 4.1.2.2}.

v ._ & °._ _.3.10.2 vesign, report. Ffor-types.I and Il condengers, the condenaer manufacturer ghall = | |
prepare a condenser deslgn report which ghall be submitted to the drawing review agency
for approval prior to fabrication. The design report shall contain technical proof of equip-
ment compliance with design and performance requirements. Technical proof shall include
calculations, sketches, test data, service exparience, and similar pertinent information.
Design report format shall permit ready evaluation of the contents. As a minimum, the tech-
nical justification for the items listed shall be included where applicable. Drawings sub-
mitted for acceptance shall be accompanied by that portion of the design report applying to
the drawing submitted. {(Item (p) shall be submitted prior to installation of tubes in pro-
duction units.) A final and complete version of the design report shall be subnitted for
information to the drawing review agency after al} of the items have been completed. Final
and complete version shall be a consolidation of all reports generated and shall contain
all corrections.
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. (a) Auxiliary exhaust distribution system (see 3.2.17.3.1). ’
lt‘ (b) Steam dump distribution syatem {(see 3.2,17.3.1}.
~ (c) Condenser heat transfer surface (mee 3.3.2.9}.
(d}) Condenser shell expansion joint design for double tube sheet condenser (see

3.2.9.3.1}.

(e) Submarine condenser tube sheet design (see 3.2.13.3).

(f) Submarine waterbox design (see 3.2.15.4.1.1 and 4.2.3).

{g) Double tube sheet assembly design for nuclear ships (see 3.2.13.2.2,
3.2.1).2.3, 13.2.13.2.4, J.2.13.4, and 3.2.13.4.1).

(h) Provisions for tube bundle examination, zinc maintenance, and tube plugging
for double tube sheet condenser (see 3.2.15.4.2, 3.2.15.4.2.1,
3.2.15.5, 3.2.15.5.1, and 13.3.2.10.3). o T N

{i} Turbine exhaust connection design for double tube sheet condenser (see 3.2.11).

{j) Surface ship waterbox scoop and circulating pump inlet nozzle design for
double tube sheet condenser (aee 1.2.15.7).

(k) Surface ship waterhox design for double tube sheet condenser (see 1.2.8.4).

(1) Design of baffles or distribution pipes or both (see 3.2.11.2, 3.2.17.3.1,
3.2.17.3.4, and 3.2.17.3.5).

{m) Shock resistance design (see 3.2.7).

(n) Analysis of bolting adequacy for all bol:ing associated with sea water con-
taining elements or double tube sheet void spaces on submarine condensers
(see 3.2.13.5.3 and 3.2.15.14}.

(o) Submarine guide pin adequacy (see 3.2.15.4.} and 3.2.15.4.1.5}.

(p) Tube expanding procedure for double tube sheet condenser {see £.2.4).

2 3.10.2.1 For submarine sea water coocled condensers, the design report shall be in a
formst to facilitate an independent review of its contents. It is therefore imperative that
it be simple to follow and free from ambiguity and shall contain the following as a minimum:

(a) Description of design requirements such steady state and transient pressures,
temperatures and external loads.

(b) A general description of the methods of analysis and assumptions.

(c) Reference sources shall be indentified.

{d) Computer programs shall be properly identified and described.

(e) Report shall contain a copy of the computer printouts (input and output).

(£} The following tabulation shall be included in the design report:

Materials and mechanical properties

Part Materjial used Su 5y Em
(i.e., Identify various (Fully indentify by {Indicate value {(From SDB-61)
parts of the component) specification and and source)
finish)

Primary and secondary stresses

Area Maximum calculated Allowable Page on which calcu-
analyzed stress intensity stregs intensity lated atress appear

(i.e., show compariscn of calculated stress
and allowable stress)

Peak atress intensity

Area Pages on which calcu-

analyzed Usage factor latad stresses appear

{Based on 48,000 1b/in? yield for
CuNi materials)

3.10.3 Technical manuals. In addition to technical manual content required by the
data ordering document, technical manuals shall include sufficient drawings to permit ship
and shore activities to repair and maintain the unit without supplier's assistance., The
manual shall contain instructions for proper installation of locking devices and criterias for
their renewal. : ) N

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specifled in the contract or
. purchase order, the supplier Is responsible for the performance of all inspection require-
cants as specified herein. Except as otherwise specified in the contract or order, the
supplier may use his own or any other facilities suitable for the performance of the
34
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. inspection requirements specified herein, unless disapproved by the Government. The Govern-
ment resarves the right to perform any of the inapections set forth in the specification
where such inspections are deemed necesaary to asaure supplies and services conform to

- prescribed requirements.

N

4.1.1 ualit rogram. The supplier shall provide and maintain a quality program
with

in accordance

the data ordering document included in the contract or order (see 6.1.2).

4.1.2 1In addition to the quality program requirements required by the data ordering
document the requirements specified inp 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 sizes, and tube sheet ligaments shall be measured. Departures from limits established
by accepted drawings shall be classed as major variations. Approval consideration of major

variations shall be only by the drawing review agency (see 6.3}. Where the dimension affected
_ is_based on fatigue analysis or directly related to another dimension sc based (for éxample

" " 77 the size of a tube hole), a'prerequisite for approval consideration will be supporting cal-
culations demonstrating the effect of the error on the fatigue life, For submarine conden-
gers, a 100 percent examination of the tube sheet tube holes and ligament widchs shall be

made.

1 4.1.2.1.1

For submarine condenser inner tube sheets, tube holes which are over 0.631

inch inside diameter (i.d.) up to and including 0.641 inch (i.d.) shall be classed as minor

variations.

The DCAS or Supervisor of Shipbuilding has authority tc approve these oversized

holea provided their number does not exceed 4 percent of the total number of tube holes in
that sheet and provided the minimum ligament thickness {see 3.2,13.3) is maintained. These
oversize holes shall be tubed with selected tubes meeting specification requirements except
having an o.d. of not less than 0.624 inch. Tube hole machining deviations shall be com-
pletely documented on drawings which shall be included in the technical manual.

4.1.2.1.2

Accuracy of registration and alinement of holes for tubes in double tube

sheets shall be established at final assembly of outer tube sheets by gaging the amount of
offset 0of the centerlines of matching pairs of holea. Centerlinez shall not be offsat more
than 0.006 inches for more than 1 percent of the sets of corresponding inner and outer tube

sheet holes.

sample inspection is acceptable.

For surface ship condenser inner and outer tube sheets, tubes holes which

4.1.2.1.3
. are over 0.633 inch i.4. up to and including 0.641 inch shall be classed as minor variations
provided ligament widths at the oversized holes meet or exceed the minimum ligament require-
ment (see 3.2.13.3). The DCAS or Supervisor of Shipbuilding has the authority to approve
these oversized holes provided their number does not exceed 4 percent of the total number
of tube holes in that tube sheet.

4.1.2.2

For submarine sea water cooled condensers, the following items are designated

as critical materials. ELCach of these items shall have material traceability including heat
lots, chemical and physical test reports. Critical materials shall be designated on drawings
and shall congist of the following:

{a) Tube sheets {both inner and outer).

{b) Sea water vent and drain connections including double tube shect void space
vents and drains.

{c} Heat transfer tubing (this tubing shall not be marked for traceability iden-
tification but shall be stored in secured containers and the container
identified).

(d} Waterboxes including all parts, subparts and access cCoOvers.

(e) Nuts, studs, bolts and washers, joining sea water containing parts.

o omewss owmmesmres 0 VUF)  Steam dump piping from condenser inlet up to but not including replaceable
disgipators.

{g) Permanent tube plugs including bilind nipples (sec 3.2.16.5).

4.2 Tests.

4.2.1 Hydrostatic.

4.2.1.1

Shells of type IV condensers designed as vent condenscrs for ship's hceating

drain systems and provided with an after condenser for the air ejector shall be tested to

a hydrostatic pressure of 30 lb/inzq before tubes are installed. When waterboxes arc fur-
' nished with the condenser and are available at the time of test, they may be used on the

condengser for performance of the test. If not furnished or available, blank flanyges shall

be used over the tube sheets. MHydrostatic test shall be applicd to the two shell sections

separately.

-
25
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4.2.1.2 5Stud holes which penetrate through the tube sheet as described in 3.2.13.5.1
shall be hydrostatically tested to the highest test pressure for either side of that tube
sheet before the tube sheet is tubed.

4.2.1.3 For condensers with single tube sheets, after installation of tubes, a hydro-

static pressure of 30 lb/inzg shall be applied to the condenser shell, and all leaking tubes,
or tube end joints shall be corrected. 1In the event of leakage in the shell welds, repairs
shall be made to the welds in accordance with accepted drawings and procedures, such repairs
to include removal and replacement of tubes to the extent that requirements for internal
access necussitate.

4.2.1.4 For condensers with double tube sheets, after installation of tubes, a hydro-
static pressure of 10 1h/inzg shall be applied to the condenser shell and any leaking tubes
ahall be replaced. For submarine condensers the 30 lb/inzg hydrostatic test pressure shall

be increased as necessary to demonstrate that no damage to the condenser shell will result
from the conditions described in 3.2.0.2. Drain connections for the spaces between the double
tube sheets shall be examined for drainage of water leaking between the tubes and the tube
holes in the inner tube sheets due to inadequate expansion of the tubes in the tube sheets.
Such leakage shall be corrected by minimum possible rerolling of the tubes, to avold excessive
cold working of the metal. In the event of leakage in the shell welds, repairs shall be

made to the welds in accordance with accepted drawings and procedures, such repairs to include
removal and replacement of tubes to the extent that internal access is required.

4.2.1.5 Before or after the test of 4.2.1.4, for condensers equipped with double tube
sheets, the specified water side hydrostatic test pressure (see 4.2.1.6) shall be applied to
the spaces between the double tube sheets. The expanded tube ends in the outer tube sheets

shall .+ examined for leakage. Any leakage shall be corrected by rerolling the individual
tube end.

4.2.1.6 Unless otherwise specified (see 6.1.1), a hydrostatic pressure of 30 1b/1nzg
shall be applied to the sea water side of condensers for surface ships. Hydroatatic test
pressure specified (see 6.1.1) shall be applied to the sea water side of condensers for
submarines. Any leakage in waterbox welds or gasketed joints shall be corrected.

4.2.1.7 For steam dump or auxiliary exhaust assemblies, the hydrostatic test pressure
shall be applied to that portion of the assembly between the inlet to the condenser and the
laat internal connection which permits installation of a test blank.

4.2.1.8 satisfactory completion of the tests specified in 4.2.1.1 through 4.2.1.7
shall be demonstrated following any tube rerolling or replacement, weld repair, gasket
replacement, etc.. required by the aforementioned tests. Performance of any test specified
in 4.2.1.1 through 4.2,1.7 more than S times is not permitted on submarined condensers with-
out approval of the drawing review agency. However, a acreening pressure not greater than
the design pressure (see 6.1.1) may be applied without limit prior to final hydroatatic
pressure being applied.

4.2.2 Performance.

4.2.2,1 After installation in the ship, the condensers shall be subjected to a per-
formance test at full-power. For types I, II and III condensers, this test ghall include
a check and correction of all vacuum leaks and a check of the oxygen content of condensate

for at least one full-power run. For type IV condensers, satisfactory condensation of steam
and cocling of the air shall be determined.

4.2.2.1.1 The absolute pressure (inches of 1lg) requirements specified (see 6.1.1) and
thie condensate depression (see 3.3.2.9%) shall be determined. If the temperature of the cir-
culating water obtainable at the time of test is not 75°F as specified, the absolute pressure
{inches of Hg) maintained by the main condenser under the specified conditions ahall be

corrected to that correaponding to 75°F in the following manner:

{a} Trial data required:
{l) Condenser pressure.
N {2} Sea water temperature. - = - s e - e e _ o
{b) Assumptions:
{1} Trial condition heat rejection cquals corrected condition heat rejection.
{2} Trial water velocity througis condenser tubes equale design water velocity.
{3) Trial cleanliness factor = 1.00 = F ’

e

it
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{c) Symbols:
{1) All sympbols are the same as those indicated on Design Data Sheet
DDS4601-1, except as follows:

© = initial temperature difference, *F
(By definition 6 = Tl -T.)

Subacript "T" refers to trial condition
Subscript "75" refers to 75 degree condition
(d) Derivations:
(1) Q = 500 G(To - Ti)
From Design Data Sheet DDS4601-1,
t, -t
i a
t -¢t ¢
12} {to - ti) = (ts - (ts - to) - ti)
- - -t -t -
(t ti) ty 8 i _ L, = B(1 - e
e
S G
therefore 1 = £y = tilg  — -a
Q. Tt - t.0a: B..(L =& "),
-] (%] 3 13 3 £

But basic assumption is that OT = 0,5

~a -a
(e} Then eTtl e )y * 0,1 - 175

T -
-a - _ -=a
(ts - ti)T(I - e )T - (t’75 75) (1 e )75
-a
ta = 1—1-:—:——12 ft. - t. ). *+ 75 I
75 . .- 8 i'T
(1 e )75 '
U Lk .
Where: a = ¢ ; Design Data Sheet DDS4601-1
500V

U, = F, % F) x Fy x 267 \V vV : Design Data Sheet DDS4601-1.

F
In soiving for (1 - e %), 1= 1.00

-a F
In solving for (1 - e )

- e - ¢ « - -

(1 -e™®

1
15, 75 = 0.BS

25 c€an be determined from the condenser dedsign.

a

t1 - e ®)_ snall be computed during the trials since ths trial sea

T water temperatyre is required for F3

T.

4.2.2.1.2 1n the case of types 1, Il and !;I c¢ondensers for submarines, sinllar
correction to 65"F inlet water temperature shall be made.
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4.2.2.2 Wwhen 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 dumping can be accomplished from zero power levels to full-
power condition. During the performance of the test there shall be no faulty operation of
vondenseX instrumentation, detrimental vibration which could lead to structural failure, or
erosion of condenser internals unless such internals have been made purposely replaceable
or have been given added allowances in consideration of the erosion potential. Such replace-
able parts shall be designed for 2000 hours full-power steam dumping. Desaign life of 2000
hours actual cperation for replaceahle parts shall not he construed or interpreted as a
warranty requirement or otherwise affect the manufacturer's warranty Lf the desiqn is
adequately justified. 1In accordance with 3.2.11, the design of the condenser shall be such
that high velocity steam or entrained moisture shall not cause erosion or impingement damage
on the tubes. The vendor shall ensure that baffling and the location of the steam dump will
provide adequate drainage of condensate to the hotwell. The vendor shall be responsible for -
evaluation of the test data obtained during the steam dump performance test. Steam dump
performance test duraticn, conditions, instrumentation and acceptance criteria ghall be as
specified (aee 6.1.1).

4.2.3 Proof test. For submarine condensers which will be subjected to full submergence
pressure, the structural adeguacy of the inlet-outlet waterbox or a scale model thereof shall
be verified by a proof test if the configuration ar other factors of the design are such that
proof testing is required by SDB-6). If required, the proof test shall consist of a quali-
tative survey of the waterbox, utilizing brittle coating (stress coat or its equivalent),
or photostress (molded birefringent coatings) techniques as deemed suitable, in order to
determine the location of maximum strain. Quantitative measurement of the magnitude of
maximum principal strain in the waterbox shall be pbtained from strain gages of 1/8 inch
gage length or smaller. Waterbox loadings shall he comprised of a combination of design
submergence pressure in conjunction with the piping reaction load (that load which produces
the highesat stress) applied to the nozzles. The nozzle loads shall be calculated as specified
in 3.2.15.4.1.2. A loading jig incorporating mechanical or hydraulic jacks shall be provided
to induce external loads on the nozzle flanges. The following combinations of loads shall be
applied:

(a) Internal pressure and external piping load (that piping reaction load which
produces the highest stress) applied to one flange.

{(b) Internal pressure and egqual external loads (that piping reaction load which
produces the highest stress) applied to both flanges.

4.2.3.1 Since the angular orientations of the applied bending moments to give the max-
imum streas for each load combination are unknown, and the location of maximum gtress is also
unknown, the angular orientations of the applied hending moments for load combinations 1 and
2 ghall correspond to increments of 45 degrees around the nozzles from 0 to 360 degrees in
the first run, and a minimum of 9 degrees increments shall be used in the 45 degree maximum
stress sector in the second run. The location, magnitude and direction of the maximum prin-
cipal atrain lstress) can be determined by brittle coating or photostress, but must be checked
with electric resistapce strain gages. If the maximum range of strain (stress) intensities
thus determined in any location of the waterbox (by either load combination of §.2.3(a) or
(b)) does not exceed the allowable strain {stress) intensity range for a 20,000 cycle life
as determined by the Modified Goodman Diagram and Fatigue Curve for the particular material
involved, the waterbox design iz acceptable. The contractor shall submit to the drawing
review agency an outline of the test procedure to be used, describing test fixtures, proposed
instrumentaticn and procedures involved. Approval cof the test procedures, apparatus, and
models are required prior to test performance. The DCAS or Supervisor of Shipbuilding shall
monjtor the set-up for test, procedures, and taking of data. Certification that a proof test
in accordance with the above has been previcusly performed on equipment identical to that
furnished hereunder will suffice for the above requirements.

4.2.3.2 Fatigue test. As an alternative to the proof test of 4.2.3, the capability of
the inlet/outlet waterbox to withstand cyclic loading may be demonstrated experimentally
governed by the procedure outlined in Article I11-10, paragraphs 1080 to 1085, of SDB-61.
The magnitude and orientation of loads to be applied in the fatigue evaluation shall be as
determined from 4.2.3 and 4.2.3.1.

4.2.4 Tube expanding. For each condenser design for a nuclear prupelled ship there
shall be submlitted to the drawing review agency for approval a tube rolling procedure applic-
"able to the materials, tube size and wall, joint configuration and spetific equipment used.
This procedure shall be supported by data derived from mock-up test work to demonstrate the
adequacy of the tube rolling procedure. The procvedure with substantiating data shall guaran-
tee tightness against the prescribed hydrostatic test pressure and minimum pullout and pushout
forces egqual to the yield strength of the tube. The minimum acceptable tube wall reduction
shall be determined and prescribed. The maximum limit of tube wall reduction (limit where
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a tube in service should be replaced in lieu of being rerolled further) shall be established
for insertion in equipment manual for guidance in corrective maintenance work. The maxi-

mum acceptable “shop tube wall reduction® shall be determined for use as a production control,
this value being set to insure ability to reroll the tubes at least three times for correc-
tive maintenance purposes. There shall be inserted in the equipment manual the recommended
increment of additional tube wall reduction for the respective rerollings. The mock-up

test shall be comprised of a tube (or tubes) rolled into plates of the same thickness and
material as the inner and outer tube sheets respectively. The joint configuration, tuhe

size and material shall conform to the specific equipment used. A jig, for use in a tensile
test machine shall be provided for application of forces to the tube sheets. The supplier,
in his report shall furnish plots of pullout and pushout forces versus linear deflection
measured from the inner surface of the outer tube sheet to the inner surface of the inner
tube sheet (that is, the change of length in the distance between tube gheets}. Tube elon-
gation (growth) shall alsc be measured upon completion of the pullout test. A strain gage
shall be installed in the longitudinal axis of the tube, located at the midlength of the tube
between the double tube sheets. Force versus strain shall be plotted for every increment

of 100 pounds of force. Any portion of the above test which has been'previously performed®
for equipment identical to that being furnished hereunder need not be repeated.

4.3 Impact tests. Steel material for submarine condenser inner tube sheets shall meet
the fracture toughness requirements of NB2300 of Section III of the ASME Boiler and Pressure
Vessel Code. In no case shall the reference temperature (RTNDT) be higher than minus 30°F.

4.4 Shock tests.

4.4.1 Test reguirement. When specified (see 6.1.1}, one condenser of each gsize, type
and design shall be subjected to high-impact shock testing in accordance with MIL-5-901
including post shock examination and test and accomplishment of such corrective measures
as may be found necessary.

4.5 HNondestructive inspection.

4.5.1 Castings. When cast construction is elected for submarine condenser waterboxes
subject to submergence pressure (see 3.6.1.1) the inspections specified in 4.5.1.1 and
4.5.1.2 nhall be garried out,

4.5.1.1 Castings shall be given 100 percent radiographic inspection in accordance with
MIL-STD-278B.

4.5.1.2 After machining, castings shall be given 100 percent liquid penetrant inspec-
tion in accordance with MIL-STD-278 except that no indication shall exceed 0.050 inch in
depth.

4.5.2 Expansion joints. Nondestructive testing shall be employed to assure the
integrity of expansion jeints (see 3.2.9.3.1) prior to installation and of the welds made

for their inatallation.

4.5.3 Tube sheets and waterboxes. For submarine condensers, welded or forged water-
boxes over 177 inch thick, and tube sheets shall be ultrasonically inspected in accordance
with MIL-5TD-271. Acceptance criteria shall be as specified in the applicable material
aspecification for waterboxes and outer tube sheets and MIL-5-23194 for inner tube sheets.
Areas, which by design configuration du not permit ultrasonic inspection, may be omitted if
specifically approved by the drawing rcview agency. Areas excluded from inspection shall
be noted on design drawings.

4.5.4 For subnarine condensers, waterboxen and outer tube sheets shall be liquid pene-
trant inspected on the final machined, surfaces. Inner..tube.sheet of .submarine.condensers .. -
shall be magnetic particle inspected. Drilled or tapped holes do not require liquid pene-
trant or magnetic particle inspection. Inspection and acceptance criteria shall be as speci-
fied in the applicable material specification for waterboxes and outer tube sheets, and MIL-

5-231%4 for inner tube sheets.

4.5.5 Permanent tube plugs. Each permanent tule plug for nuclear propelled surface
ship and submarine condensers shall be subjected to a2 minimum internal hydrostatic test

equal to the same test pressure required for the heat transfer tubes. Each plug shall be
tight under this pressure and shall show no bulges, crachs, flaws, porous places, or other

3%
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harmful defects. 1In additiun, each permanent tube plug for submarine condensers shall also
be given a 100 percent liquid penetrant inspeclion in accordance with MIL+~5TD-271 on its
outer surface after the hydrostatic test, The liquid penatrant inspection standards shall
be as follows:

ta) Plugs which show the following liquid penetrant indications shall be subject

to rejection:

(1) Any liquid penetrant jindications of cracks, seams, or laps, that is any
linear type of indication except those which can be definitely established
to the satisfaction of the drawing review agency as scratches whose
dapth is lest than 5 percent of the wall thickness.

{2} Round indications l/16& inch diameter or greater.

- . .(3) Round indications which are linearly disposed whose center to center - S
distance ias less than 3/16 inch.
(b} Superficial polishing with 120 grit emery cloth may be used as an aid in
determination of the extent of the indicationa defined in (a)(l}, (2) and
(3). Not more than 5 percent of the wall thickneas may be removed in the

effort to remove the indications, always provided that design wall thickness

is maintained.

{¢) If the vendor chooses to remove the defects, reinspection of the area containing
the indication shall be performed by liquid penetrant inspection after polish-
ing, to assure that all indications have been removed.

4.5.6 Heat tranasfer tubing for condensers for gsurface ships shall be inspected by the
"eddy-current” method of tube inspection specified in MIL-T-15005.

4.5.7 Heat transfer tubing for submarine sea water cooled condengsers shall be tested
as follows:

(a) The tube supplier shall hydrostatically test the heat transfer tubing in
accordance with the requirements of MIL-T-15005 to the pressure gpecified,
or at the pressure prescribed by SBB-63, whichever is higher.

(b) Heat tranafer tubing shall be eddy-current or ultrasonically tested in accora-
ance with MIL-T-15005 except as specified in 4.5.7.1 through 4.5.7.7.

4.5.7.1 Inspection lot. A lot shall consist of all tubes of the same composition,
diameter, wall ickness, produced from the same heat of material, and heat treated in the
same batch or by a continuous process under the same conditions with regard to temperature,
and time, and submitted for quality assurance tests ar one time.

4.5.7.2 Eddy-cufrent or ultrasonic test. Condenser and heat exchanger tubes, when
specified (mee 3.*.[!, ahall be teated by elther eddy-current or shear wave ultrasonic
methods. Sensitivity of the device used for testing shall be adjusted to detect the artifi-
cial) discontinuities on the calibrated tube in accordance with ¢.5.7.3. Tubes shall be
tested along the entire length and shall have at least 4 inches cut from each end of the
iength after testing.

4.5.7.3 cCalibrating tube. Tubing used to adjust and calibrate the testing device
shall be of the same alloy, temper and nominal dimenmsions as the lot of tubes to be tested.
It shall be of eufficient length to permit spacing of the required artificial discontinuities
and also simulate processing of production tubes through the testing device. The artificial
discontinuities shall consist of two electric discharge machining notchea 0.00% inch in
depth or 5 percent of the nominal tube wall, whichever is greater. Each notch shall be
approximately 0.002 inch in width and 1/4 inch maximum in length arranged paralle! to the
longitudinal axis of the tube. The first notch shall be placed on the inside surface of the
tube, 6 inchea from cne end. The other notch is to be placed in line with the first but
on the outside surface, 18 inches from the same end of the tube. Tolerance on the depth
of the notches shall be 0 plus and 0.001 minus inch.

4.5.7.4 Sensitivity setting.

4.5.7.4.1 Eddy-cvuilenl testing. Testing device shall be adjusted to the lowest sensi-
tivity required to repetitively detect the artificial discontinuities wihen the calibrating
tube passes through the testing device at the regular production speed (f/m) used in testing
tubes. - LT e PP g4

4.5.7.4.2 VUltrasonic teating. Ultrasonic transducer shall be so collimated and the
angle adjusted to equalize [to the maximum extent possible) the peak response from both the
i.d. and o.d. notches. The lower response {(of the equalized condition) at that angle shall be
adopted as the calibration reference. Ultrasonic instrument settings shall be made such that
the peak indications from the calibration reference are at least 50 percent but not more than
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. 4G percent «f linear full screen amplitude., The tube, the scarsh uait, nr both tne tuhg an:
search unit sial! be moved uniformlv during testing in such a manner that the search unit

motion, relative to the tube, describes a helix concentric with the tube s0 that each pask
of the scanning crystal overlaps the previous pass not less than 1/2 inch whep testinag to 2

1/2 inch calibratinn notch.

4.5.7.5 Recalibration. Testing devicee shall be calibratcd at the start of the te=t
run and at least once every hour of continuous operation or at anv chanan in search unit,
counlant, instrument ‘settings, or scanning specd from that used for calihration or whenever
imp}oper functioning of the testing unit is indicated. If the testino ilevice is found tn be
out of calibration, all tubing processed since the last correct calibratinn check shall be

retested.

4.9.7.% Hework. Tubhes which are rejected by the eddv-current or ultrasonic inspection
may be visually examined for surface defects., Superficial polishing with 120 grit emery
cloth may be used to eliminate these surface defects. Not mnre than 5 percent of the wall
“wwe == . -. rhickness shall bLe removed to-definitely remove theindications.‘* Tubing wall-thickness shal )~
" not be reduced below minimum specified wall thickness or below minimum design wall thickness,
whichever is greater. Tubes so reworked shall be reinspectsd by the same terst method that
originally rejected the tube.

4.5.7.7 Acceptance criteria. After final inspection has heen performed, tubes which

have defects in excess of those determined by calibration of the testinn device in accordance
with 4.5.7.1 ghall be subject to rejectinn,

4.5.B Solder coated sections of waterboxes shall be visunlly examined to verify that
surfaces are completely covered. Solder coating shall be checked by micrometer or by maskinn
an area with tape to be removed after spraying and checking the thickness, then reswraying,
Thicknees shall 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, except stiffening rib welds, shall
be liquid penetrant inspected to the requirements of MIL-STD-278 after completion of all
welding operations. '

4.6 Additional inspection. Unless otherwise specified in the contract or order, where

o other specificationa form & part of this specification, sampling, examination, and tests
. shall be performed as required by the referenced specification.

4.7 1Inspection of preparation for delivery. Packaging, packing and merking shall be

inspected ¥or compliasnce with ®ection 5 of this dncument.
5. PREPARATINN FOR DELIVERY

{The preparation for delivery requirements specified herein applv only for direct
Government procurements. For the extent of applicability of the preparation for delivery
requirements of referenced documents listed in section 2, see 6.1.}

5.1 Presarvation and packaging. Preservation and packaging shall be level A or C as
specified Teee 6.1.17.

5.1.1 Level A.

5.2.1.1 Condensears. Condenscrs shall be cleaned and dried tc meet the cleanliress

requirements of MIL-P-116. Immediately after cleaning, and drying, all internal steel sur-
faces shall be prescrved using grade 5 nf MIL-C-16173. Presnrvative shall be applied and

. m nvre a~the,.condenser handled in such a manner as to produce a uniform protective -fitm ~ pxcesgive: *'= =
use of the preservative shall be avoided. After completion of prescrvation, the excess
preservative shall be thoroughly drained from all low places and pnckets. Lxternal urpainted
ferrous surfaces such as flange faces and bearing surfaces sha)l be coatrd with preservative
conforming to grade 4 of MIL-C-16173. Closure of openings shall be by attaching steel plates
with gaskets or 1/4 inch weather resistant plywood bolted to flanges. Barrier material
conforming to grade A of MIL-B-121 or class ! of MIL-B-13! shall be placed betwern the nly«
wood and flange.

5.1.1.2 Accessories. Gages and temperature indicators shall be unit parkaaed by methed
I1] in accordance with MIL-P-116. The packaqed accessories sha)l then be packed i1n fibrr-
Loard boxes conforming to PPP-B-616, weather registant class Vic or Vs fiber boxes shal)
be used for domestic shipmrnt and storage or overseas shipment. Packed icc=ssaries sha'l be
secured in an unusel portion of the condenser shipping crate,
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5.1.2 Level C.

5.1.2.1 Condensers. Ceondensers shall be cleaned and dried after which all internal .I
steel surfaces shall be preserved with grade 5 of MIL-C-1617). External unpainted ferrous

surfaces such as flange faces and bearing surfaces shall be protected against corrosion and

physical damage. Closure of openings shall be by attaching steel plates with gaskets or

3/4 inch weather resistant plywood bolted to flanges. Barrier material conforming to grade

A of MIL-B-121 or c¢lass 1 of MIL-DB-13! shall be placed between the plywood and flange.

$5.1.2.2 Accessories. Preservation and packaging shall be sufficient to afford ade-
quate protection against corrosion, and physical danage during shxpment from the supply .
‘source to the-using activity and unti’l early installation.”” ™ “

5.2 Packing. Packing shall be level A, B, or C as specified {see 6.1.1).

5.2.1 Levels A and B. Units 30,000 pounds and under shall be individually packed in
crates conforming to MIL-C-104 and the appendix thereto. For units exceeding 30,000 pounds
or the dimensional limitations of MIL-C-104 the planned packing, handling and transportation
praocedure shall be forwarded to the procuring agency for review. Units exceeding 30,000
pounds shall be skidded, uncrated. These units shall be provided with a flexible water-
proof shroud material conforming to PPP-B-1055 or MIL-B-13239. Shrouds shall be secured to
prevent Jamage or ioosening and arranged to avoid formation of water pockets. All sharp

points of contact between the item(s) and shroud shall be cushioned to prevent rupture or
chafing of the shroud.

5.2.2 Level C. Packing of condensers and accessories shall be accomplilhed in a
manner which will insure acceptance by common carrier and will afford protection aqaxnst
physical or mechanical damage during direct shipment from the supply source to the using
activity for early installation. The shipping containers or method of packing shall conform
to the uniform Freight Classification Rules or other carrier regulations as applicable to
the mode of transportation.

5.3 Marking. In addition to any special marking required (see 6.1.1), interior packages
and exterior shipping containers shall be markeo in accordance with MIL-STD-129. A tag

identifying the condenser steam side preservative snall be attached to the condenser or its
shipping crate.

5.4 Repair parts and tools.

and packaged level A, packed level B and marked in accordance with MIL-R-196 or PPP-P-40

5.4.1 Stock repair parts and tools. Stock repair parts and tools shall be preserved ‘
as applicable.

5.4.2 OUnbonard rﬂEA|r E.!tb and tonlg. Onhoard v
served and packaged level A, packed level € and marked

PPP-P-40 as applicable.

narta and tnn\u ahall ke

nra-
,- ------------------- Pre
ar

5.4.3 Quantity per package. Unless otherwise specified in the contract or order,
repair parts and tools shall be individually packaged unless used in sets or quantities
greater than one. Parts within a set shall be individually protected.

6. NOTES
6.1 QOrdering data.
6.1.1 Procurement requirements. Procurement documents should specify the following:

{a) Title, number and date of this specification.

{b) Type and class required (see 1.2},

f{c) Ship motion and attitude regquirements, if other than specified in 3.2.1.

(d} Condenser design operating life if other than aspecified in 3.2.3,

{e} For submarine application, reguirenents for waterbox openings and any
associated piping conmponents for the salt water side (see 3.2.5 and
3.2.15.10.2).

{f) Shock requirements:

{1} Whether or not shock desigyn is regquired (see 3.2.7}.

(2} For static shock design method, specify minimun “"g-locad” values for
vertical, athwartships, and fore and aft directions (eee 3.2.7.2).

(3) Whether or not concurrent dynamic analysis is required when shock design
is based upon static g-load values Isee 3.2.7.1]

{4] Whether shock testing is required (see 4.4.1}).

{g) For submarine application, the design pressure, temperature and hydrostatic
test pressSure on Sea water side {sec 3.,2.8, 1.2,1%.4.1.1, 4.2.1.6 and 4.2.1.8)

{Ubrerve security requirements).
42
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(h} whether, for surface ships of deep draft, a water side hydrostatic test

pressure greater than 30 lb/inzg is required; if so state design (maximum
working} and hydrostatic test presaure requirements (see 1.2.8.4 and 4.2.1.6).

(i) If known, specify condenser shell limiting dimensions (see 3.2.9}.

(j) For U-tube construction whether the tube bundle shall be removable from the
shell (see 13.2.9.2). .

(k}) For submarine application. the temperature variations and other transients
to be considered in waterbox and double tube sheet design (see 3.2.13.4
and 2.2.15.4.1.1). (Observe security requirements).

(1) For acoop injected surface ship condensers, indicate size and weight of com-
ponents to be attached to and supported by the inlet waterbox nozzles (see
3.2.15.7).

(m) Tube wall thickness if other than that specifie

{n) Condenser connection requirements (see 3.2.17.3).

(o) For nuclear propelled ships, whether steam dump connection ig required; if

s8¢, specify dump steam pressure, temperature enthalpy and maximum quantity.

"Also specify operating cycles, and maximum dump steam pressure and temper-

ature {see 1.2.17.3, 3.2.17.3.1.1 and 3.2.17.3.1.2(b)). Al8o specify max-

imum design temperature for turbine exhaust flexible connections (if used)

{see 1.2.17.3.1.1).

{(p) Full-power steady state condition auxiliary exhaust steam flow to the con-
denser (see 3.2.17.3.1).

{g) Maximum transient condition auxiliary exhaust steam flow to the condenser
{see 3.2.17.3.1).

(r} Amounts of drains, make-up feed, recirculated condensate, inter-condenser
drains, and other such heat in-puts (see 3.2.17.3.4},

(s} Whether environmental vibration should be considered; if so, state maximum
environmental vibration in hertz (Hz) (see 3.2.20).

(t) Condenser arrangement (see 3.3.2.1, 3.3.2.4 and 3.4.2.3).

(u} Number of water passes, quantity of steam flow and its enthalpy from each
turbine exhaust connection and astern steam temperature (see 3.3.2.2).

{v) Absolute pressure (inches of Hg) requirements (see 3,3.2.8 and 4.2.2.1.1).

(w}) Inlet circulating water temperature, if other than specified in 3.3.2.8
or 3.6.2.9 as applicable.

{x} If flexible connection between main turbine and type I condenser is furnished
with condenser (see 3.3.2.1C.5), include specification therefor.

(y) If temperature indicators and gages are to be furnished with condensers; if
50, sizes, types and graduations required, as applicable (Bwe 3.3.2.11,
3.3.2.12 and 3.4.2.7.1).

{(z) If flexible connection for steam inlet is furnished with condenser (see
J.4.2. 4). include specification therefor.

{aa} For gland leak-off or vent steam condensers; ambunt of steam to b
amount of air to be vented, and maximum temperature of vented a&i
than as specified {(see 3.6.2.6).

(bb} For submarine combination after and gland leak-off condensers, temperature
of air vented if other than that specified (see 3.6.2.8).

(cc) Number of submarine condenser permanent tube plugging tool sets reguired
(cee 31.9.2). (It is intended that the tool set for submarine condensers
be carried by the appropriate sub tenders and repair yard(s)).

{dd) For condensers of ruclear propelled ships which are to be fitted with steam
dumping connections, whether a steam dumping test is required, and, if so,
the number of hours duration, test conditions, special instrumentation,
and acceptance criteria for the test (see 4.2.2.2).

(ee) Preservation, packing and marking requirements:

(1} Levels ef preservation, packaging and packing required (see 5.1 and 5.2).
{2) Spcc:al markan requ:rements (sec 5 3.
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6.1.2 Contract data rcqu}g:pents. wWhen this specification is used in a procurement
invoking the provisions of Armed Service Procurcnwnt Regulations (ASPR) paraaraph 7-1n4.%¢n)
and which incorporates ALD Form 142)..(CDkL), the following data items should be speoified
and delivered in accordance with such CUKL. When the ALPK provisions are not invoked,
the followiny data should Le specified for delivery in accordance with the contract or

order:

Spec. Data Applicable )
Paragraph regquirement Lervico bIg Options

{a)y 1.9 Provisioning parts list SN UbI-v-2n7g Optron 4

- e

-
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Spec. Data Applicable
Paragraph requirement Service __bIip Options .’
{b) 3.10 Engineering drawings SH UDI-E=21174 Catergories
and associated lista A, B, D, G,
(preliminary} H, I, Types
I1 and III,
form 2
Blueline
print type
11, class ]
{c) 3.10 Technical manual SH UDI-M=23455 Para 10.1b(1)
d} 13.1¢ Technical manual BH DI-M-2051 Para 10.2a
quality assurance
data
(e) 3.10 Aicrofilm, aperture/ 51 UDI-E=213140 Para 10.2.la
tabulating cards Para 10.2.1b
and listing Para 10.13.2
{f} 23.10.2 Design report SH UpI-g-23213 = e--=-
g) 4.1.1 Quality program SH UBI-R-23743 = = =  =ee-=-
plan

(Copies of DID's required by the contractor in connection with specific procurement
functions should be obtained from the procuring activity or as directed by the contracting
officer. Unleas otherwise indicated, the issue in effect on date of invitation for bids
or request for proposal shall apply.)

€.2 Dbefinition - drawing review agency. As used herein “drawing review agency” is
generally a Government command or agency such as Naval Sea Systems Command, Naval Ship
Engineering Center, a Supervisor of Shipbuilding or an authorized representative. Communi-
cation with the drawing review agency should be handled through the procuring activity.

6.3 Sub-contracted material and parts. The preparation for delivery requirements of
referenced documents listed in section 2 do not apply when material and parts are procured
by the supplier for incorporation into the equipment and lose their gpeparate identity when .

the equipment is shipped.

6.4 THL AARGINS OF THIS SPECIFICATIO!. ARL MARKLD "4" TQ INDICATE WHERE CHANGES

(ADDITIUNS, MUDIFICATIONS, CORRECTIONS, DELLTIONS) FROM THE PREVIOUS ISSUE HAVE BEEN MADE.

THIS WAS DONE AS A CONVENIENCE ONLY ANU THY GOVERKMENT ASSUMES NO LIABILITY WHATSQEVER FOR
ANY 1INBACCURACIES IN THESE NOTATIONS. BIDDERS AND CONTRACTORS ARC CAUTIONED TO EVALUATE TIHE
REQUIREMENTS OF THIS DOCUMENT BASED ON THE ENTIRE CONTENT IRRESPECTIVE OF THE MARGINAL
NOTATIONS AND RELATIONSHIP TO THE LAST PREVIOUS ISSUL.

Preparing activity:
Navy - SH

Havy

(Project 4420-NO17)

“
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INDEX, cont'd
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