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ABSTRACT

Toree chips of the ID931 Class experienced tube failures in e
superheater third pass. All failures ccawrred in the seze tube row
and all boilers inspected revealed similar patterns of fireside
ccrrosion, wall thimning and overheating. Tubes of the USS BARRY
(D933) were inspected and found %o kave experienced wall thimming up
to 5,% in certain ereas, although no failures. The Kaval Boiler and
Turbine Laboratcry was assigned the responsibility of plamning end
directing an investigation uboerd the USS BARRY in order to evaluate
boiler cenditicns axd determine the camuse of wall thimning and tube

feilures. Metal terperatures as high as 1390°F were cbserved. Varicus

supe-heater modificaticns including gas baffling ard superheaier tubde
Tencval were zade; apprecisble reductions in retel tegesstaxci were

observea. Celculaticms besed cn the investigation ceats deterwined whe
optinm cless modification required to reduce tube metal temperatizes.
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ADMINISTRATIVE INFORMATION
This project was suthorized by BUSHIPS 1tr DD931 Ci/5510; DDYL5

€1/9510; Ser 651A-947 of 29 June 1961. Approval for the superkeater

jnvestigation +o be conducted aboard the USS BARRY (DDI33) was civen
by the Commander, Destroyer Force, United States Atiantic Fleet by
COMDESLANT dispetch 0319462 of July 1961, Boston Naval Shipyard
Request for Pesforzance of Work ¥R2-0202 of 7 July 1961 provided furds
10 the Naval Boiler and Turbine Laboratcry for the instruzentaticn of
one roiler on the USS BARRY and consultiant services for conducting
the evaluation. BUSHIPS 1ir DDI33; Ser 6514-1007 of 17 July 1961
directed that a representative from the Kaval Boiler and Turbine
Laboratory heed the persomnel conducting these evaluetioms,
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BACKC2OUND
Superheater tube failures by bursting have occurred in super-
heaters of DDS31 Cless Babcock & Wilcox boilers. Table 1 gives
pertinent facts ca failures,

Isdie 1
03) Class Superheater Fajlures

Steaning
Bours €

SHw
o Ship _Boller  Te  Failure

USS FORPEST SHERMAN (DD931) 1A 193 13,892
pi:} 19A 1,819
3 198 12,200
B

USS JOHN PAUL JOXES (DD932)
USS MANLEY (DD9;0)

198 -_
19A -

*NOTE: Tubes mmbered 1 through 45 bottom to top, #nd A
H frco fwrnece side to generating bank side of superbeater.

A1l superheater tube failures had the following sirilarities:

a. Location of 211 failures was in tubes of the 19th ror from the
tottom an the furnace side leg. This 19th rov is the top tube row of the
lower furnace side beader section and has a 2-1/2" space between it and
the bottoz tube row (20) of the upper header section. The 19th row is
in the third pass; the 20th row in the second pass.

b. A1l tube failures occurred cn the cuter loop or in the seccnd
locp in (the A or B leg).

c. Al mupitures occurred ca the tube side facirg the furrmace,

d. Al ruptures occurred spproximately 30* from the superbeater
header,
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e. A1l ruptures were thick lipped Mut varied in size from siits
with litile bulgirg o rather large ruptres (4" iong x 1-3/5" across
the cpenirg) with cuch bulging.

f. Tube walls in the area of ‘he ruptures had thinzed froa the
gas side on that porticn of the tubes facing the furnace. This wes
especially so in the cuter locp tubes, and thinned tubes included tubes
frco at least the Sth tube {reo the bottca 1c the 10ih tube fron the
botica.

g. A1l failed tubes we-e 18 Cr - 8 Ki ailoy with ncainel wall
thicimess of 0.156". All tubes in the 3rd and 4th pass are of this
rcaterial.

During exasinaticn of boilers 2A and 23 on FORAEST SHERMAN o
5 May 1961, it was noted that there was quite a difference in appearance
between the superheater tubes of ke tcp w0 passes and those cf the
botten txo, It was roted that the botimm two pesses skowed sigons of
corTosicn and overteating toward the rear that were Dot nearly as evident
tomard the front, and that these signs were nom-existent ir he upper
t¥o passes.

Observations sizilar to the above were repeated cn tarler 13 of
SC:N PAUL JOXES on 16 May 1951 and were verified by special inspection of
FORAEST SHERMAN ¢ 31 May 1961 wken it was also delernmined thal the i%th,
18th, 17th, 16th end 15k ibes freo the bottee showed very definiwe

signs of corrosion as coopared 0 the tubes below them,

Inspecticn of the USS BARRY (DI933) swperbeaters frec furrate and

cavity in early July 1961 showed e samiler pattern {rac the firesides,
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tut not nearly &s sccentuated es on FGRAEST JFRMAN and JOHN PAUL JONES.
Tze difference zas undouttedly due o W2 fa2t thay BARRY boilers held
fever stegming hours than tne boilers of the other t¥d snips.

1+, was faivly well estadlished traz failure of the superheater
tubes could de attriduted io wall thipning caused by fiel - ash
corrosion and high tube metal {experavres. Malerials Lacratory,
Bostcen Naval Shipyard (refer to Report No. 1534 of 29 Juxe 1951)
estizated that a fractured tube freo the PCARREST SEERANUN had reached

a tezperature in the viei ity of 1300°F éurirg btoiler cperation., This

x8s verified by seperate Boiler and Turbire Laboratory data wherein it
Tes deternined thet the failed tube froo JORN PAUL JONES had opersted
in the regicn of UOU°F (refer to Plate 1). MNaterials Laboratory,
Boston Haval Shipyard also ceter=ined that superheater tubes froq the
2ARRY experienced up 10 54% wall “hinning $n the A row =nd up o 48%
in the 3 roz, with marx=us thinning ocowrring al tube 19A. It was con~
ciluded that this thinring was due o externmi corrosive attacx vy fucl
oil ash.

I is Xmoam that hign vubhe zetal ‘eperaties, especially above
1250°F are a pripe factor o be corsidersd 2s coacerns ithe gmont and
exient of corrosicn from recidual fuel oil sh. The axonxt of ercsion-
sorrosicn whicn ta¥es plaze in a parri:ular toiler will also depend
cpon gas tesperatures anc ges velociiles emtering e varicu
cf the superhester arg e gmount ani :ondizicnm of the esh
¥ith the geses of colasticn. It hes been considerec that

ituticn nave incressed <re
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rate on the superkeaters in toilers of the FORREST SHERMAM To
scoezhat itprove ges flox distriduticn and Yo provide sam: initded
icprovezent in the superheeters cf the DDI3Y &nd D945 Class, a gas
talfle for installaticn in the spece between the 2nd and 3rd passes on
the superheeter furmace side wes recamended by XBIL and was sutnorized
by Bureau of Skhips dispatch 0220382 of 1 june 1981,

Tre superheaters of the DD931 Cless Babeock & ¥ilcox boilers have
four passes centzining a total of 180 U-type “udes. Each tudbe rocw
censists cff four separate U-loops so arranged ihat the spzce belveen
legs of the innermost loop provides sufficient rocm for a person to enter
the superheater cavity. 3cth inlet end citlet headers sre cn the
generating bank side of the superbeater with tho inlet header being
at the top. T¥0 rows of staggered t¥o-irnch screen tubes are located
betyeen the furnzce and the superheater tank. Superheater tutes of the
first two pesses 2ve 1-1/47 0D by C.156" thick and are to Military

WIL_T-}42583, Class e xhiek is 2-1/4% O, 1S Mo, Tubes
cf the last two pesses are 1-1/4" OD by 0.156" thick end are 40 i»
sane specification, ut ave class  =nich is 18% Cr, 8% N, austeniuic,
The woriang pressure cf the superheater is 1230 psig and the steax

tezperature at the superheater outlst is @ ninimz= of 92°°F av cuising

erd full power not 10 exceed 9TG°F at any revr.

Suresau of Ships itr DD3L CL/9510, DDILS CL/9510; Ser 651A-947 of
22 Jure 1351 end Bosicn Naval Shipyerd Regquest for Perforsaus e of ¥ork
FR2-0202 of 7 Suly 1551 requesied that Sabeoek & Wileox DD93Y/DDOLS

Class boilers be eveluated io determune the conditicmre in Uw suparheaters
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thich led to tude thinning and failure, These evalvaticns wcre con-
ducted on Boiler 23 of the USS BARRY (DD933) in accordence wiwn the
Agenda, Appendix I, Scoe poriioms of the Agenda such es excess aic
and high speed lighting off runs were not conducted since high super
reater tube texperatures were observed ard evaluated curing norzal
boiler operstacms.

¥noxledge gaired frem this evalvation resulted iz a class podifi-
caticn (Conditicn D - see "Purpose of Test®) shich wes installed on
ell deilers of the USS JO5 PAUL JONES by directicn of Bureru of Ski
dispatch 2520252 of October 1981.

REPCRT 0F INVESTIGATION
PURPOSE OF TESTS

The pricary consideraticn of this eveluation xes to mtean analysis
cf a superheater in a DDI3L Class Babeock & Wilcox steaxing deiler to
determine (1) conditions under zhich tube corrosicr is taking place,
(2) what neasures can be taken {0 vxient superbester life, end (3)
methods that can b2 used to predict superheater tube life. These ob—
Jectives were obizined by instrumenting cme superheater to prizerily
deterwine the foliowing: (1) tube oeiel tecmeretures in the secord, thir~,
and fourth poss superheater tudes, (2) sieen tecperatures at varicu
locations in the superdeater stean passes; (3) cocustion gas tesperatures
in the sugecheater cavity; amd (4) supplecentary inforzatican fc assiss

n xeking a caplete analysis of the prodlez. Pertinert lan drewinis

e

are shavn in Plate 2, sheet ) thooegh 2.
This evaluaticn was ccndusted on Boiler 25 of the USS 2ARRY (DDF33)

deiler conditions (refer to Plate 3) existing o
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cach phase of testing:

8. Conditicn A - Crigizal cemfigeration of USS BARRY Boiler 23,
This ceafiguraticn is the same as the final configuration of the
Labcratory's DDO31 Class test doiler es reparied under NBTL Repart
B-168.

t. Condition 3 ~ Seme as Conditicn A except that a refractory
brick btaffle was added in the lane between the secend and third
cuperhester passes (Tube 19 ard 20) extending over the entire furnace
depth,

c. Sandisicn C - Same as Comditiom A except thit sipderheater
tube row 19 (plan pieces 805, 806, £)7 and §08) ard ©Erd pess inmer
locp tubes L, through 18 (plau piece 803) were removed. A refractccy
trick baffle was placed betseen superleater tube rows 18 and 20,
=xhich extended over the entire furrace depth,

d. Ccndition P - Class modification arrived at by evaluatiom of
dsts obtefnad during conditions A, B, ard C testing aboard tbe
GSS BARRY. Tnis boiler ccnditica is the same a5 condition A except
that tube row 19 (plan pieces 805, 806, §07 and 803) axd the entire
third pass immer locp tubes (plan plece £08) are rexcved., In cxder 0
raintain the support structure of the superhester, cest slugs are

insiziled In e spaces left by the rexcoved tubes es showm in Plate 4.
AETHOD OF 12ST
General
These evaluvaticns were conducted on Soiler 23 of the USS ZARAY
(D9933) in comjimeticn ¥ith Pest Repair Trials cut of Boston Naval

Shipyerd cduring Seprezder and Octcder 1951, in gccordanie with <he
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Agenda, Appendix I. Installation and initial checkout of &il in-
strrentat’ m was coopleted ca 28 Sepiexber 1961. The cocplete ship-
board testing progran ran from 29 Septezber to 9 Octoder 1961; of this
+ime, four days were required to cacplete the evalustion of the shipboard
boiler Conditions A, B, and C, shile the interedizte working days were
comsuzed in ceopleting bojler modifications to Conditionms B 2nd C.

The Laboratory wes assigoed the respeosibility of plamiirg,
coordirating, conducting, evaluating and reporting on the test with
essistance froo the Sosicn Naval Shipyard end ship's coplement.
Insirugensaticn

The arrangemer and details of instrumentaticn for the superbeater
evaluation was as shwwn in Plate 5, snd is susparized as follcws:

a. Tube Meta Tesperatures - A total of eleven thermocouples
wzre installed ca the cater skin of the superheater tubes with all

hot Juncticms in the gas path 30" freo the centerline of the superheater

headers, Stariing to count superheater tubes from the bottes, last pess,

end labeling tube legs A to H begimning with the furnace side leg, ihe
following tube locaticns had thermocouples: 1A, 1E, 84, &, &, 94,
13A, 184, 194, 193, end 20A.

b. Steax Temperatures - Theroocoiples were insialled to indicawe
steas terperatire In the vericus superheater circuils, Toese were
installed in the superheater tubes adjacent to the superieater headers
in the hesder vestitule, Using the Szme rurbering procedure 2s in
subparagraph A above, these steax tezperature thermocoxples were

lossted 85 fcllews:
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(1) Boiler Comditicns A and B - Total of 32 thermoccples
located at: 14, 1D, 1E, 14, 8&, 6D, &E, &, 9A, 9D, O2, 9H, 13i, 13,
164, 18A, 18H, 19, 19D, 19E, 193, 204, 20D, =, 204, 274, Z7H, 314,
31H, 324, 328, apd 42A.

(2) Boiler Condition C - Total of 36 thermocouples located at:
1, 1D, 1E, 1H, 3A, 38, 54, 5D, 5%, 5H, 8a, 8D, &%, &4, 9a, 9D, 9%,
SH, 13k, 13H, 164, 18A, 15C, 18F, 16H, 204, 20D, (£, 204, 274, 27H,
314 31, 32A, 32H, and 424,

c. Two milti-shielded high velocity thermocaiple protes were
installed in the superbeater cavity to obtein gas texperatures. Onme
wes located in the gas path between the third and fourth passes ard the
other between the second and third passes. These probes cculd be
traversed thrcugh the Suwrnace depth.

d. Five theroocouaples were instailed in the ges path tefore, and
five after the eccnrmizer,

e. A pencil {xpe thermocouple was instelled st tne superhester

cutlet to Deasure finsl steas tecperature,

ry

. Pencil type thermocaples were installed at both forced draft

blower discherges to me e o dce eir te=perature to the boiler,

g. Eccxnizer water inlet ano outlet tecoeratures were measurec oy
peened theroocouples,

k. €0y, CO, 2nd 02 percenteges in the stack gas were ocasured
using a8 cocne prizary element end an Orsat apparatus for eralysis
and readout,

i. Ship's insinmentcticn was used to cdiain fuel oil sipply
t £
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pressure and the fcllowing stesm pressures: stean dmum, superheater
cutlet, desuperbeater inlet, and desuperheater cutlet during Conditicms
A and 3 testing. For ccnditicn C testing, two 16™ Laboratory test
gages were installed for peasurenment of druc and superheater oxtlet
pressures in order to permit mare sccurate evaluatica of pressure drop.

J. Fuel ofl rate to the test beiler was obtained fram the ship's
fuel oil meter and verified by sprayer plate capacity aarves using
feel pressure obtained froe shipls fuel supply pressure gage.

X. Air pressure at the vindbox wes obtaired using ship's rancoeter.

1. FPuel oil sarples were obtained during test and later anelyzed.
Sacples were teken twice during each day's testing {roo a line tspped
directly off the burner fuel supply menifold.
Brocedure

Boiler Conditicn A - Shiphoerd evgluaticom of the USS BARRY Bolder 22
under this conditicn wes conducted cn 29 and 30 Septecber 1961, Data
was observed during boiler light-off and shut-down, ship's peneuvering
intc and out of port, steady ship's speeds at bodler rates of 10, 15, 20,
and 25 mots and boiler full power. 3Boller data was elsc observed
during 10 to 25 mot, and 25 to 10 mot maneuvers, es well 2s duxing
soot blowing of tubes at the 25 kot boiler conditicn. The rumer
cazbinations end sprayer plates used curing 211 cperaticas were essen-
tially in sgreement with the recoxendetions of N3IL Repert 3-168,
except xben burner changes were made at the request of the westi erngineer
in order to observe the effects of varying burner coodinaticns oo

superheater tube petel and fing) stea= tecperatures.
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Bailer Conditicn 3 - The shipboard evalueticn of the USS BARAY
Boiler 23 under this conditicn was cooducted oo 3 October 1951, Sciler
data was observed for essentially the same operaticreal coxditions zs
for Condition A described above.

Boiler Conditicn € - Test instrumentation for this Cezdition C
was slightly modified as noted in the instrumentatica section above.
Shipboard eveluatice of the USS BARRY Boiler 23 under this condition
was conducted on 9 October 176l. Boiler data was observed for essen-
tially the same operaticmal conditicns as for Conditions A and B
deceribed above.

RESULTS OF TESTS

Superheater tube netal temperatures were observed to be extrenely
high (refer to Plate 6) during Conditicn A steady state runs. Tube 19A
was 1200°F st the 15 knots condition, and resched a maximm of 1390°F at
the 25 koots coxdition. Conditicm 3 resulted in an apprecisble reduction
in tube 1A metal tezperatures, yfelding 1100°F at 15 knots and 1300°F
at 25 mots. This conditicn, however, had negligible effect cn tube
19A at full peser where a maxime of 1350°F ocourred. Tubes 124, ifA
and 193 re=mained from 50 o 75°F below tube 19A during Comdition &, erd
reduced properticmally during Conditiem 3.

Durirg Cenditicn C cperaticn, tudes 13 ed 16A dropped to 11607
at 25 inots, tut resched 1265°F at full er, Plate 7 gives cooparfson
of tube 104 meial tesperatures for A and 3 Cexditicns, and Plate 3
caeres tute 18A mta.l tezperatuzes for al) Conditicms &, 3, end C,

Finzl steas temperatures for shipboard Canditicns A, 3, end € are

sresented in Plate Q. The Conditimm A auTve steedily rises <o low

¢
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rate to full power with no spparent peax value at any rate, For
Cexdition B the final steaz te—perature dropped slightly at rates beicx
cruising, tut rexaired essentielly unchanged at rates above cruising.
Condition C caused final steam tecperature to drop spproxizstely 25°F
1o 40°F at ald rates.
CLASS MODIFICATION

Data fran this superheater evaluaticn was independently evaluated
by the Bureen of Ships, Babeock & Wilcox Company, and the Navel Boiler
ard Turbine Ladcratory. [ coxference was beld at the Bureau of Ships
cn 20 October 1961 to discuss the resuits of these tests and to evaluate
an cptimm class podificaticn. The class superbeater cenfiguraticn
resultirg from this reeting is as previously described under boiler
Condition D amd involves the removal of 14 tubes froo the superhoater
third pass and the sdditicn of 2 refractory gas baffle in the lane
betzeen the second end third superheater passes. These elteraticns are

hezatically presented in Plate 3. Cast slugs are installed in place

of the renoved imner locp tubes in oxrder 10 reintein the superheater
support structere as shomn in Plate 4.
CALCELATIONS

Celculations were =sde (refer to Apperdix II for procedure) besed
o Cenditioms A, 3, and C cpereiica in order o evaluate heet trensfer
coefficients, and to perzit predicticn of the effects cf furiher
superheater oodificaticns cn final stean terpersiure and superhester
tube petel tomperstures. Resultis indicste that rexoval of pdditional

wbes free the third pass (ebove that mber rexcved in Cordizien C)
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¥ill result in acceptable tube meial tezperatures, with neither
excessive reducticn of final stean tecperature nor excessive increass
in stean pressure drop tarough the superbeater. This modafication :s
10 b2 eccoplished by boiler Conditicm D previously descrived,

Calculations indicate that boiler Comdition D will result in an
apprecieble reduction of metal tesperature in the rezaining upper
tubes of the third pass. Tube 184 is indicative of this condition «n
that it experienced tesperstures above 1300°F curing Comdition A, end
a maxinm of 1200°F is calculated for it during Conditicn D, The lower
tubes cf the third pess were izproved greatly by Condition C, but would
be relatively ureffected by Condition D. These calculations indicate
that meximm metal temperatures within the third pass ¥ill be in the
vicinity of 1175 to 1250%F at 75% to 100% of boiler fell power, with
lesser terporatures at other boiler rates. Metal te—peratures obtained
for Conditions A, 3, 2nd C as coopared with calculated values for
Cendition D for selected tubes in the superheater thind pass are presenved
in Plate 10,

4 Caleulations further indicate that the nean gas flow through the
thira pess for Cendition D will de 85% greater then Comditicn A and
32% greater then Conditicn C at the full power boiler rate.

The estizated fins) stean tezperature for boiler Cerdition D is
presented in Plate 9, and was obtained by linear extrepolation cf the
i, B, and € Cenditicn curves. This terperature is 925°F at full power
and 850°F gt cruising whick falls below the originslly specified

=fnisr= of G25°F at cruising.

&
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Tabulated date for Conditicns 4, B, C and D are presented in
Plate 11.

SOMARY. AND DISCUSSTON.

The superhezter evaluaticnms conducted cm Boiler 238 of the
USS BARAY (DD933) yielded informeticn cn superbeater tube metal and
final stea= temperatures for taree boiler conditioms: A - original
shipboard configuration, 3 - gas baffle added in lane between sacond
and third superheater passes, and C - nine tubes removed frem super-
beater third pass end gas baffle added in lare between seccnd and third
Supsrhester passss.

Condition A resulted in tube metal temperatires as high as 1390°F
in tube 19A and 1240°F in tube 18A. Ccndition B reduced these tem-
peratures sppreciably at =11 boiler rates except fuil power, where the
ecperature reducticn was negligible. Conditicn € further reduced metal
tecperatures for the intermediate end fuli power boiler rates and re-
sulted in g maxizmm of 3265°F for tube 134 at full power. Tude 19A xas
axeng those removed.

Superheater ocutlet tecperatures for Conditicn C were reduced

eppraxirately 35F over the entire range of boiler rates resuliing in

temperatures of S90°F at cruising and 9459F at full power.

3ased cn infcrmation gained in this evaluation, it was mutuelly
sgreed by the Bureau of Ships, Babcock & Wilcex Coopary, and the XKaval
Boiler and Turbire Ladoratory that a class modificatinn (Conditicn D)
shocld include the rencval o 14 tubes fron the superheater inird pass
and the 2dditicn of a ges baffle in the lane between the second and e

+hird superhester passes. This modification required the addition cf

13
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cast slugs in place of the removed tubes to zaintain the superheater
support structure.

Calculations predicting superheater metal terperatures for this
class oodification indicate that caxizmm metal tesperatures will be
in the vicinity of 1175 to 1250°F at boiler rates of 75% to 100% of
£l power. It also eppears that gas flow through the third pass will
be 85% greater than Condition A and 32% greater than Comditicon C at
the full porer boiler rate. Even with this increased gas flow it is
fairly certain that superheater tube wall thinning will be appreciably
reduced since the resultant metal tesperatures are telcw the rarge
where serious fuel oii ash corrosicn takes place. Fuel oil ash products
contributing mostly to corrosion are vanadivm pentoxide and sodiwm
sulphate which have relting peints at 1274°F and 1625°F respectively.
These products have the most corrosive effect in the polten state and
therefore et temperatures above their melting points. Plate 12 shoss
there is a definite relation between meximum tube metsl texperature and
eoount of wall thiming experienced by the tubes. Tube 19A which

experienced tesperatures as hish as 1390°F during Condition A operatiom,

reduced 54% in wall thicimess, xhereas tube 94 zhich experienced 1260°F
lost enly 31% of well thickness.

czicrlaticns for Cenditicn D indicate that terperstures for tniré
pess tubes will be 1175°F 0 1250°F. Wall thinning at worst xill te
cqual to that experienced by tubes 8A and 9A during Condiiicn A
cperaticn, or about 30% in 10,000 to 11,000 howrs. FORREST SHERMAN
Boiler 23 superheater tube 193 hed reduced $6% et tize of failure;

tube 194 glso recuced €6% ut kad not failed, Tnis irdicates tnat

i
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Condition D can operate for at least 20,000 hours befere tude walls

are reduced 1o the range required for failure.
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RECCMMENDATIONS

It is recorrended that superbeaters of the DDI3L/DDO45 Cless
ships oe modified to the boiler Condition D previocusly described.

Work cn this project indicates two areas which should be considered
for further study: Ome is to investigate possible superheater
configurations and locaticns which wili result in lower tube cetal
terperatures. The seccnd is a quantative evaluation of the effecis
of gas velocity cn the wall thiming of tubes by the dual process of
erosion and corresicn in order to allow more-accuracy in predicting
tude life.
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SENDR FOR NBTL PROJECT 3-47.
FCR SUP:.-u:'.“.ATER A.‘\AL‘.’SIS TESTS
Wy ¢

8 Seplexder 13ol
ghority:

i. Tests to deter=rme conditions in the superheaters of Babcock &
#ilcox DDI3L Class boilers that have lead to tude thinning and failure
were requested by Bureau of Ships letter DIS31 C1/9510; D45 C1/951C;
Ser $51A-947 of 29 June 1951. Tre epproval for superheater tssis. 1o
be ccnducted cn USS BARRY (DDO33), was given in Cccrander Destroyer
Force, United States Atlantic Fleet dispatch 0319867 of July 1961,
By Bostcn Naval Shipyard Request for Performance of Work WR2-0202 cf
7 July 1961 the Boiier and Turbine Labcratory wes furnished furds in
the aoount of $1C,000.00 to instrument cne boiler on USS ZARRY and to
previde ccnsultant services far the test. Bureau of Ships leller DDI33;
Ser €534-1007 of 17 July 1951 cutlined the purpose and procedures for
cenducting superteater tests in oore detail then in the Bureau of Ships
letier of 29 June 1951, On 19 June 1961, & conference xas heia et

Naval S

erd, Boston with representatives of tne Shipyard, USS BARRY,
Boiler and Turbine Laboratory, and Babcock & W®ileox present. At thi
cordference rrocedures and respensibiliiles for test preparation and
conducting of tesis were discassed. This agenda is 2 {iral procecure
for tre couplete test, its preparaticn, perferzance, and evaiverior.
— o~
2. The orizery consiceration of these wests is it meke &n analys:s of
© superheater in a DDI31 Cless Babzock & Hilcox sieaming boiier i
determine (1) conditlions wmcer waich tube corrosion is tazing rlace,

(2) =hat seasures can o2 teken iC exianc superneater life, anz (3) tethoes

ef 12 JFPENDIX 1
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AGENDA F(R N3TL PROJECT 2-494

t can be used io preduct superheater tube life. Trese oojeciives
*ill be obtaired by irstrmumenting ore superbeater to prizarily
deterzire the following: (1) tube metal terperatures in e sescnd,
+hird, and fcurth pass superheater tubes; (2) steas tesperatwres at
varicus locaticns in the superheater steex passes; (3) cocdustion ges
terperatures in the superheater cavity; and (4) supplementary inforza-
tion to assist in paking a cocplete aralysis of the problea. Data is

: 0 be obtatned both before and after installaticn of a ges baffle in
a lane betxeen second and third pass superheater tudes cn the furnace
side of the superheater. It is in the area belcx this lane arerein
serious superheater tube corresion is being experienced.
Back °
3. Superleater tube feilures by bursting heve occurred in superheaters
of DI931 Class Babcock & ¥ilcox boilers. The first two of these
failures occurred on USS FORREST SHERMAN and were lccated as folicws:

3oiler 13 - 19th ube vp - A or cuter 1
Soiler 1A - 13th tude wp - 3 cr 2nd docp in

These faiiures ceourred immediately pricr to 5 May at which <%
boilers had the fallowing Steazing hours:

1w i3 2A 28
11892 11319 12102 12187

Approxizately 12 Nay, FCREEST SHERMAN had another saperncatler tude

Boiler 23 - 190 tube up - B or 2nd 1oof in

w. AL gpjToxizstely the sam tine as tne FORREST SEERMAN farlimes,

SCEN PAUL JONES (DD332) had 2 superneeter tude failure 25 fiiicws.
3oiler 13 - 19w whe up - 3 or 28 K in

22 2 APFENDIX I




AGENDS FPOR NBTL PROJECT B-494

USS MANLEY (DD940) also had a ruptured superheaters tube feilure
in the 19th “ibe from the betiem in the & or outer 10T,

5. A1l superheacer tube failures had the follcwing similarities:

a. Locaticn of ail failures was in the 19th row fres “he dbotiem
on the furnace side leg. This 19th row is the top tude rcw of the
lower furnace side header secticn and has a 2-1/2" spacc etmeen it
2nd the bottoz tudbe row of the upper beader sectior. The 19th row
is in the third pass; the 20th row in the seccnd pass.

b. A1l tube failures occurred on the outer locp or In the second
locp in,

c¢. Al2 nuptures occurred cn the tube side facing the fixmace.

d. ALl ruptures occurred approxirately 30" fran the superbeater
eader.

e. Ail ruptures were thick lipped tut veried in size frem slits

with little tlging to rather large ruptures (4" lomg x 1-3/4" across

the opening) with mich bulging.
£. Tube walls of twwbes in the area of the ruptures had thirmed
cn the ges side on the side c the tubes facing the Surmace. Tais was
especielly so in <he cuter loop tubes and thinned tubes ireluded tudes
fraz at leest 13th ttbe from the bottes to 19th tube from the botum.
g. ALl failed tuoses were 18 Cr - 8 Ni alloy with romanal wxall
thiciress of 0.156". Al wudes in the 3rd and 4ih pass ove of hic
caterial.
$. During exexinstion ¢f oilers ZiA end 23 on FCRREST SHERMAN on 5
¥e 7 1981, it was noted thav there xas quite & difference In gppearatce

detween the superheater tudes of ihe Wp XL passes and those of e

3ef 2 APPRNDIX 1




AGENDA FOR NBSTL PROJECT 2-.94
bottem two. It was noted that the boitcm two passes showed signs of
corrosicn and overheating toward the rear that were noi rearly as
evident toxard the front and that these signs were non-existend in
the upper itwo passes.

7. Observations similar to the above were repeated cn seller 13 of
JCEN PAUL JONES on 16 May 19561 and were verified bty specizl inspecticn
of FORREST SHERMAN cn 31 May 1961 when it was also deterzinzd that the
19th, 18th, 17th, 16tk and 15th tubes “reo the botton showed very
definite signs of corrosicn as cozpared o the tubes belcer thex.

8. Inspection of the BARRY superheaters freo furnace and cavity in
early July 196} showed & similar pattern frcm the firesides, bt ot
nearly es accentuated as on FORREST SHERMAN and JOHN PAUL JONES. Per-
haps the difference was due to the fact that BARRY boiiers hed fewer
steaxming hours than the boilers of the other t®o ships,

9+ It hes been fairly well esteblished that failure of the superheater
tbes cay be attributed 4c wall thinning caused by varadiuz ash fram
the fvel oil attacking the superheater ir areas ahere tudes have had a
high petal tecperature. Materials LaYoratory, Boston Naval Shipyard

estizated that a fracwured tube from the FORREST SHEPMAN had reaches

a8 tecperature in the vicinity of 130°F cdurizg toiler operation. This

was verified by separate Bciler and Turdine Ladcratcry data wherein it
was determined that the faile? <ube {rom JOEN PAUL JOMNES had operated in
the regicn of 1300°F. I+ is imcsn that high tupe metal temperaiires,

especially above 1150°F 30 1200°F are a prize facicr 10 e ~orsidered

25 tencerrs tne dRot anid extent cf corrosicn from residusl fuel cal

APPENDIX 1




AGEXDA FOR NSTL PRQVECT B-49:4
ash. Tke enount of corrosicr zhich takes plaze in a particiular boaler
will also depend upcn gas terperatures &nd gas velocities entering ine
varicus sections of the superheater and the aoount and conditicn of
the ash carried aleng with the gases of cumbustion. It hes been con-
sidered that perhaps toth gas flow and steaz flox maldistwribtution
have ircreesed the corrocich rate on the superheaters in boilers of the
FCRREST SHERMEN type. To scoewhut irprove gas flow distribation and to
provide scme initial improvezent in the superbeaters, a ges balfle for
installaticn in the space between the 2nd and 3rd passes m the super-
heater furnace side was authorized by Bureau of Ships dispatch 0220382
of 1 June 1961.
10. The superheaters of the DD931 Class Babcock & ¥Wilcox boilers
have four passes containing & total of 180 U-type tubes. Each tute row
consists of four separate U-loops so arranged that the space between
legs of the innermest loog provides sufficient rocm for a person 1o
enter the superheater cavity. 3oth inlet and outlet headers zre o tne
generating dank side of the superheater tank with the inlet »eader being
at the top. Two rows of staggered two-inch screen tubes ere located
btetween the furnace and the superheater bank. Superheater tuoes of the
£irst two passes are i-1/4" OD by 0.1€5" thick and are to Nilitary
Specificaticn MIL-T-1623¢3, Class E; tubes of the last two passes ens
1-1/4" OD by Q.155" thick and are 1o the same specif:ication, v are
Class €. The working pressure of the superfeater is 1250 psig anc ¢

sises tezperature 2t <re superheater outlet is a2 mindmez of 525°F 2

eruising ané full power not o exseed 97OF & a0y raie,




AGENDA FOR NBTL PROJECT B-474

11, Tests are to be conducted on Boiler 28 of the USS BARRY {DDI33)

in conjunction with Post Repair Trials out of Boston Naval Saipyard

in Septexber 1951. It is expected that tests will be conzucted during
cock trials and during t¥o days av sea; the first day of sea tests

w3ill be conducted with the brick gas bteffle between the second and thirg
passes rexoved; and the secend day of tests will be ccndacted wain wne
gas baffie installed ana will follcw the first sea tests by abour four
days,

12, The faci that these tests are bteing conducted cr these tests ure
desired shall in no way interfere with cperation and safety of ine ship

under its Comanding Officer. 4n engineer (or officer) fron the

Philacelphia Navai Shipyard (Naval Boiler and Turbire Laboratory) shali

be designated to heed the persommel under the Bureau of Ships and Bcsten
Naval Shipyard assigred to assist in teking date and observing these
tests. All reguests for inforza*icn, suggestians, etc. wall Yo made
through the designated nead engineer to Ergineering Officer or an officer
1o be designated by the Ccoranding Officer of the USS BARRY.

13, It is requestec that after each dey's runs the USS BARRY fuwrmish
the Navel Boiler and Turtine Ladoratory witn copies cf the fireroacs,
engine roc= cperating records end itne bell logs, ani fuel oil sarple,

it suuid be apprecigied thsl during runs amncuwnzezent of rhenges in
cperating conditions oe annownced prior 0 sciual cosmands to essist
cata ta¥ers in properly carking records.

) Boston Nevel Shipyard is requested —¢ instalil e ivsiroerg

¢ Philadeipnia Neval Shipyerd (Newil Boiler ans Tiroire

& e 12 APPENDIX I




AGENDA FOR NBTL PROJECT B-29:
Leboratory) remove anstrumentaticn after tests, and furnish assistan-e

as zay be required during these tests.

15, Philadelrhia Naval Shipyard (NBTL) is assigned tre respomsil:laty

feor coorainating conduct of tests, assuring proper calibration ani
operation of instruments, preparing all data taking forms, ccllecwing
dat2, observing the behavior of the boiler and preparing a reporty of
the results of the test. Data taken shell be such that a reascnatl
beat balance be wade of tle boiler so that an estizate can be made cf
gas tecperatures entering the superheater and superheater cavity.
16. In accordance with the requesi of Bureau of Ship's letter DD933,
Ser 651-1007 of 17 July 1961 that the Boiler and Turbine Laboratery in-
form i~terested activities of assistance required for the tests, Boston
Navel Shipyard was requested during peeting of 17 August 1961 and by
telephone: conversation of 14 Septerber 19€1 to provide the foliowirg
essistance:

(a) Instell economizer thermocouples and stack gas sampling cone.

(b) Menufacture ané install MHVT ges ‘erperature probde sleeves.
Insiail alil required commecting pipar

{2) Manufacture and instal) panel boards for Leeds and Nerthrip
recorders, including electirical cutlets and wiring. Install <he
instrurents.

(d) Assict N3TL in installaticn of instrumertation and calibration
of instruments as required.

(e) Provide an crsat apparatus and operator durirg dock and sea
trials,

(£) Provide txc data takers curing dock and sea tr:als.

7ol 12 APPENDIX 1




AGENDA FOR XBTL PROCECT B-:92

7. An acrangerenr and detail of instrupentation for ine supernemter
evaiuation is shoan in NBIL drawing H-3603-0 of 8 August 19021, In
sumary the following is the instrumentation set-up for tne tests:

(a) A total of eleven thermocouples will be installed on e
outer skin of the superbeater tubes with all not juncticns in the gZas
rath 30" froo the centerline of the superbeater headers, Sthartairz 1o
ccunt superhecter tubes frcm the botiom, last pass, and labe ing ute
legs A to H beginning with the furnace side leg, +he follcowing tube
iocaticns will have therrmocouples: 1A, iE, @A, &€, 9A, 134, 184, 154,
198, and 20A.

(b) & total of 32 thermocouples will be attached to the superheater
tubes adjacent to the superheater headers in the header vectidule,
These thermocouples will indicate stean tedperatuxe in the various cir-
cuite. Comting tube rows fror the bottow and assigning A tc K dao-
signatacns for the tudbe legs beginning at the lurnace side leg. the
following locations will be instrumented:
1A, 1D, 12, 13, 84, 8D, 8E, €4, 9A, 9D, 92, 9H, 134, 13H, 164, 134,
18H, 19A, 15D, 19T, 19H, 20A, 20D, 20E, 2H, 27A, 274, 31A, 31H. 32A,
321, and 424,

(c) Two multi-shielded high welocity thermocouple probes wall e
installed in the superneater cavity o obtain ges iemperatnres, One
¥ill be locateé in tne gas path betmcen the third and fourin pasces a~?
e ~ther detaven the second and third passes.

(@) Five thersoccuples will be anstalled iIn the gas pah bafore ars

after the eccaonizer,
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AGENDA FOR NBTL PROJECT B-.iz

(e) A pencil iype irermocouple will be installes at ine supermater
cutlet 1o peasure final stean texperature,

(f) Pencil type thermocouples will be installed at bowa forzed

draf't bloxer discharges to measure ccxbustion air tempers:.re 10 the

(g) Zcencmizer water inlet and cutlet tesperatures will be meesired
by peened thermocauples.

(1) Cu_ percentage in the stack ges will be measured using a cone
prizary eleoent and an crsat apparatus for analysis and readout.

(1) Ship's insimmentaticn will b: used o obtain fuel oil suppl”
pressure and the {ollowing stees pressures: stean drum, superncater
outlet, desuperkeeter inlet, and desuperbeater outlet,

(3) Ship's fuel ofl meter wili be used to obtain fuel oi’ rate.

(%) Air pressure at the windbox will b2 cbtained us:ng ship's
mancoetcos,

(1) Puel o:l sa=ples will be obtained 23d analyzed. Segples wlll

taksn as ciose ¢ the supply burner manifold as possible durirg tre

.
W
a
b
0
8
:
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i

Guring the first and second dey of sca “rials x..l
o2 tne seme except thai the £irst dey the brick gas taffle besweern

e secend end third superheater pass will not de

Irscallez gms o e




AGEXDA FOR NBTL PROGECT B-494
20. A1 test muns will be rade with two boilers cperatang in ihe sai:
uncer split plant conditions.
2). Steady state runs ¥ill be cade holding the boiler raile cinstany
for 8 period cf 15 zirutes or until superheater tube texperatire dais
beccoes steady. Normal fuel cil burner coebifimuiuns and seliings o3id
by the ship will be exployed for ithe test runS. The steaqy State =%
xill be conducted at the boiler ratings equevelent to the ship corn-
diticns shown in the following table and et boiler full power rating:
Ship Fin

F 3
Cenéition Steas
Knots Lbs. Cid/alr/Er °r

£
[
*y
o
@
(M‘l

10 - - -
15 2150 880 4
20 3600 950 3
25 7090

iler 1020 o5 a2
fuli Pewer

During the sieady siale runs, at least txo rounds of data =il te

recorded, and oore shen Iuns are longer inan fifteen minutes, Dxva

be mecorded cn data sheeis made-up and erranged in advan-e *
the Soiler and Twrbine Laberatory.

22. At coopletics of the 15X anc 25K steedy siate itects, norma. shage
bearé swot dlowing cpersiions schould o ccnducted. AC leest txo
rounds of data will be recorded during s00% dDlcwer cperaticns 2t et
rate.

23. At coopleticnm of e boiler full power sisady stals o

speec sho.ld o2 trought



AGENDA FOR NBTL PROJECT 3494

teperatures steady-ocut so &s to prepare for the maneuvering run,
Uaneuvering cperaticns should consist of rapidly reducing whe snip's
speed frem 25K to 10X in the normally practiced procedure., After
bolding a speed of 10X for 10 mirutes, increase ship's speed to 25X.
This memeuveriog cay be repeated to verify data cbtained. (Note: The
25X condition is the spproxinate speed where superheater cutlet tez~
perature is expected {0 reach maxim= under sieady stea=ing conditicns:
a lower speed ray be selected by Ccomanding Officer, USS BARRY i€ co
desired for cperating ccmrenience.) Deta will be reccrded during
raneuvering operaticms.

2. During the tize that the boiler is being brought cm the line
superheater tube netal terperatures, interpass stean terperatures, and
data usuelly recorded in the standard firerocm operating record will be
taken every 10 rmimites after boiler light-cff. Sinilarly, zhen ihe
boiler is being secured the seme data shculd be obtained at the sz
interval until stean gereraticn ceases and for gpproxizately 10 minutes
after the blecder tee to the auxdliary edhzust vaive is clesad,

25, During the pericu that the ship is getting in and cut of por:, the
instruzents recording superbeater tube Detal and steax teperatures will
be cut-in %o obtain useful data concerning effects of rarsuvers, I avy

unusuel conditions ocsur, procedures uxder waleh they heappenez will o

logged and sdditicnal data will be cbtained. Copies of the engireer's
bell book log cmiy wili be required for these pericds. Data will e
recorded as reguired cduring these periods.

26, As tinme permits, additicma) stesdy stzle muns 25 folicws w31l e

senducted:




AGENDA FOR NSTL PROJECT 3-49.

(a2) 4t boiler rates below full power, operaticns will de conducied
with varicus turner caebiraticss in use {0 deterzine the effect of
burner locatiom upen superdeater metsl and steen itecperatures.

(b) At boiler rates to full power, runs will be conducted with
varicus windbox pressures to determine ithe effect of varicus exxmts
of excess air upan superheater metel and steem te—perstures.

27. If conditicns permit at anytime during the test period and danger
of burning-out superbeater thermocouples is not involved or is no
longer irportant, superbeater terperature data will be obteired during
an energency high speed lightirg-off operaticm.

28, The possibility exists that data from the first day's sea trials
zay indicate the pecessity of rexoving swperheater tubes in the upper
Fart of the third pass to increase steem velocity in that pass. If
this b Y ar ray be cade to remove il.ose tubes

before e seccmd day's trials.

29. At campleticom of 211 testing, the Soiler and Turbine Laboratory
reprecentatives with the assistence cf Boston Naval Shipyard wili
rexcve all instmeentatica, Instmcented superheater tubes will not

be renoved sxd renewed,

A, 1ZE

Head Engineer

Boiler and Heat Exchanger
Sranch

Code 651 BUSHIPS

¥, A. FRITZ, JR.
Head, Steen Geperazing

Zranch
Ravs Soiler anc Turbime
Laboratory

15 Septecher 1951
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CALCULATIONAL PROCEDURE




N3TL FROJECT B-494
D293), SUPERHEATER STUPIES

APRRRIX 11

Calculatiomal Procedure used in evaluating Heat Trarsfer Characler-

istics for boiler Conditiens 4, 3 &nd C and for predictians of

Condition D,
S0E01S
& Outside surface area of tube; sguare feei.
D Tube diemeter; Dy = inside; D, = cutside, feet.
G Ccedusticn ges flow; pounds per hour

o

&

LS

s

Stesn enthelpy; AH = total stean enthalpy change per tude per
unit tine or per superheater pass per unit time; BTU per haur.

Stesn anthalpy per pound of stean;Ah = stean enthalpy change
per paxnd of stasm;: Stu per pound

Steea filo coefficient of heat tranmsfer; 2uu/{'x)(£t2)(°F)
Gas filn coefficient of heat transfer; Btu/(kx)(£+2)(°F)
Heat transfer rate; 3tu per hour

Mean heat tracsfer rele {0 sieen per square foot of bide swriace
erez besed on enthalpy rise of steen; Btu/(hr)(£t2)

Coobined resistance 0 heat flow through tude wall and siean filn
zbere & = Vh; + Mg; (Br)(F22)(0F)/3t.

Teperature, deg 3 ty = steas tecperature; i, = cuiside metal
surfece temperature of tube; iy = aversge gas tesperatixe in
vicinity of 2 tubk; Aty = texperalure d&rop through siean fils;
Dty = terperature drep throvgh tude well,

Thersal conductivity through a tube wali; U, = %3 xbere 1t

= 1/2 DIn(R /Dy); BRY/(Br)(£22)(07),

Tetal stean Sl throgh superiester; pounds per nour

Average stess flow per superteater wite; ¥ Is other tnan
average valie of sveen L1205 per tbe; pounds per hois er vude,
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Tais zethod involves the evaluation of fiim coeff:clents an: o av
trensfer rates using data collected during boller operaiicn under
Conditicns A, 3, and C, and extrapolating the trends of irnese items for
application to Condition D. These beiler conditicns are shoen scheza-
ticalsy in Plate 3 of the report. Al calculaticns used the ouler loop
superheater tubes (plan piece 805 for third pass amd 809 for forth pess).

Initial atterpts at evaluaticn used tube 8AH, figure 1, as the
basis for evaluaticn since this tube had both metal and steam thermo-
couples at each end, Using these terperatures to cbiain 2 legarithaie
mean tesperature difference and & steaxz enthalpy rise in the Ude. a

cmbined average heat iransfer coefficient wes obtaired by the relation:

a:%ﬁ = A 0+ A
A hy U
This value of R was used alcng with imoxn data from tube 9AH es in-

icated in figure 2 to calculate the heat trensfer rate at location 2

o = 27 e
A R

The ratio:

x = Q4
VA

iz & fgcior wnich relates the heal transfer rate at locetier 7

“r han

the ress at e particular holiler steen rate.
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were then used to calculate cutsicde zetal lecperatures st locazicn 2

for the rexmaining tubes in the pass as foliows:

oo = (UANXNR) + ¢
where to,, ts and YA are for the particular tube being evalueted.
This rethod yielded excellent correlstion between calculated and
observed metel terperatures for tubes 13 and 18 during Candition A
£.11 power run 8. Tube 19 calculated tesperature wes 509F higher
than cbserved, ard this is probably cue to the steem flcx through
tube 19 being much less than the assuzed average. The recduced ficw
through tube 19 wes calclated:

s = A [jﬂ] observed

X ["an

For run 8, tube 19, ws' was evaluated st 89% of the average ¥ fcr
the pass.

Tne identicel procedure wes employed fur evaluaticn of Conditiom B,
full pewer run 18, and resuited in fairly good correlation beween
celculated and observed petal tecperatures. Tube 18 resulted in ike
poorest correlation with the calculated petael tecperature being 30F
below observed., The calculated value for tube 19 ggreed within 4OF
of observed. This wes unexpected and is probably due to the fact that
tube 15 effective surface area was reduced by additicn of a baffle whicl.
camtered the effects of recduced si2en flox in the calculations.

Tae foregoing recults indicated that the inside (steex) filn
confficient varies epprecisbly with boilar (cnditicns A, 3, and S, it
was therefcre necessary %0 evaluste the trend of this coafficaent &n

order to predict its value for boiler fonditicn D, This wes accacplishel

o
f
-
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N3TL PROJECT B-29:

by eveluating the inside fiim coefficient as foiloss:

2 o=lgpts) - 1
2y Y77 U,

for selected boiler rates fram 20% to 100% full power, and plotiing
these values against totel stean flow as shown in figere 3. These
curves sre extrapolated to Condition D by taking 24/9 of the moerical
&ifference between the 3 and © Conditien curves., Sizilarly, the
tot2) heat trensferred to the steas for each tube is plotted in
figure 4 and exirapolated to the D Conditicn. Constants preldicted in
thie manner were used in coajunction with inforzaticn fraa Condition B
test muns in order 0 predict oetal terperatures for boller Condiiion D,
as follcws:

Egﬂ (freo Condition B test runs; sawe es in Fig. 2)

t; (entering particular tude)

1

h-“'l (at %, and 1200 psia)

A
Assumed (boiler Cendition D)

12 tubes removed (rezainirg = 44-14 = 30)
Barfle added dbetxeen 2 & 3 passes




\BTL PROJECT B-49.
Find 15, at h, and 1200 psia froz sweam tadbles.
2 24

The Q/A value used in these calculations is a cean neat transfer

rate for the particular tube baseé cn enthalpy rise. Toe stean fiim

coeflicient is based cn observed steaz and metal temperatures gi

locaticn 2 and the 2ean heat transfer rate. This coeffizient I <here-

core valid cnly wren used tith the mean heat transfer rate for cva..atior

of tecpereture ai Aocaticn 2.

ube metel temperatures as calculated by the forefoin

in Plate 10 of 4he report for fudes %, 13 anc 15

neiticn Sor tabe 18, Wt

~diticn =ay be expiainec by

stea= enth wefor/iube) is not the same for




* NBTL PROJECT 3494
greater portion of the wck frem the top of the third pass to the
lower twubes in the third pass. This greater transfer of Leat in tites
9 and 13 probably overcomes the effects of the increased stean {ilm
coefficient due to increased flow per tube during dboiler Conditicn .
This effect is naturzlly cerried thrcugh o the extrapolation {rom
Cendition C to D.
Gas flow Pisixibuiion

Vertical distritution of gas fios through the third pass wes

evaluated by determining the gas side filn coefficient of heat trarsfer .
for tubes 9, 13, 18 and 19 during Ccnditicns A, B, exd C by the following
approxization:

no = /4
tetmo

Since this £iln coefficient is proportional to GR for a particuier
cenfiparaticn, we cay write:
o =rard
. [&. n

By

This relaticn may then be used to cocpare gas floss to a camon
base, This wes done by relating £iln ccefficients of ali tubes under
consideration to that for tudbe 9, Conditiom A, This procedure resulted
in a fiox rattern es shown in figure 5 for Conditions A, 3, end C. The

mean ges flox through the pess increased approxirmetsly 52 from Congiticn

A to B full power runs, and increased en additional 48% during the
Conditicn € full power run. This is probably due to the fact that 44
rexcval of tudes reduced the resistance to gas flow through the pass.

A siziler evaluation shoxs the flox through the third pass will incresse

€ ol 11 APPENDIX IX




an additionel 32% for Cendition Do Ges
(ondition D is therefore 85% greater inan for Cerditicr

A similar procedure used the veriation in gas side

valuate the horizontal distrituticn of gas flow

for the Conditicn B full power run. Results indicated that the gas

1he furnace was approxizately

flcr througn *he third pass, at the rear of

65% greater then tze mean flow treough the thard pass.




DD 931 SUPERERATER STUDIES
USS BARRY (DD 933) BOILER 2B

INSTRACENTATION: TUEE ROWS B & 9

TUZS 9 AH
ISTrouENT LOCATIONS
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DD 931 SUPERHRATER STUDIES

GAS YLOW DISTRIEUTION TEROUGH TEIRD PASS

BOILER CONDITIONS A, B, C& D

GAY 710W % OF FLOW AT TUBE 9A, CONDITION A
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