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These Tube and Shall exchangers Were foligel gzl grlzljor
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m|d-eastern ref|ne.‘)_/n The bundles WWETE mspected due to
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= The exchangers operate as a 4¢ destructlve methods could not
#bundie parallelifeed, series flow, "‘discern the existence of cracks
Nthrough| the' pair. of stacked ex- ,ofjust surface marks & an Eddy
P\ changers; ‘with, raw" crude on‘j Current test was deter-mined to
tube side flow; and tower refluxi!,be the best method for con-
gon the shell. The shell side feed! firmation of the markings as
lenters. the® top rear shell and! cracks & calculate their relative
Btravels as;one pass to the Iower-. depth. The: relative operating
¥ bundletandjone pass to the out-} _pressures & temperatures were °
let ‘piping.. The' tubing consists¥in the mid range of most pro-
Rof 425/U-bend tubes.— 1’ X .083 dcesses and the 2205 material.
@mminT wallEXTSA-789.(2205) X 20;'would be conSsidered an excel-
ifoot'long and’are 24:months old. lent choice for this service. The
dUpon  .visual  inspection there}, 2205 material exhibits excellent
were numerous, O.D. marks thaty stability in most refining pro-
lappeared, as cracks along thell cesses with a low pitting poten-
tube Iength h._Secondary_ non-"‘tlal and freedom_from. cracking
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Wpe mechanisms; i medium temperature chioriae environ®
Sments, The REEIFRSpection Was: penformed on 10056 of the
L tubing terdetermine the presence ofi the cracking mechanism
= andi determine the: defect depths andf remaining lifer o the
| bundle. e iInspection’ found: cracks, withh depths: from
Inatien: 165550 I ther upperr bundle: and 4554 in ther Iower:
bundle: The cracking was  moest pronounced nearthe rear of
the upperbundiewhichis adjacentito tie rear shell sidennlet
ieed to) bothr bundles: andl corespends: o) the highest heat
areafonthe cCounter CUrreEnt process: fiows: dihe lower bundle
ExXperencedl cracking to; a) Iesserr degree: with' ther cracking
near the front o therbundlernear/adjacent to; the frents shell
side inlet: iner bundier wast repontedt withs very: heavys shell
§ side feulingl aiter bemgr pulled whichr wotldiretard ther heat
| transiers acressi thestueswallland = allow e high heat

| gradients within theitubewall SR ol
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( Numerous crackiformations as seen
2 Iong affected tube Iength portion

\ Basedl on the Iocatlon of the cracks crack pattern o)

Centration: and deptiy;, the' crackingl mechanism appeaned to
BE related tor a flow: preceSS across: the bundlermathmxs Which
alludes to) either ar corresion/chemicals atiack; ot a heat

| related phenomena;, o5 ar combinatien: off beth: JIihe! Cracks
appeaneditor e consistent INMtAEIrspacing and relative crack
depths as) the process: flows: passed: through! theil SPECITic

| bundiespwhichiisindicative offthe drvingl event diminishing
b acress: the bundlelengthrandl thereioreris: believed tor be
& related (o) lemperature: gradients:, e process: s in: thermid
rAange of the! recommendedieperating) tEmMpPEnatures: for the
2205 matenialiand well below ther 600 degree eperatng limit
Specified by ther manuiacturer and ther ASIVIE (869) ferrite
Cembrittiement)s Ther poest bending siress: relieved U=hends
Were noted with' nercrackingl type mechanismin eitheroun-
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- dieswhich tends o indicate! &l heat treatmentaconaiton
§ (straight section)friom: the manufaciurer that isisusceptible io
§ Lhe crackingr mechanism: linerinterrelationship: o conrosion

Bl iatigue;, stress: coresion and hydregen embrittelment' cracks

NG mechanisms;, and the wide: spectium eff conditiens; both
I maternalf environment; andimetaliurgical states; generally,
overiap and can bera combination) et any: and/ert allsthe
phenemena: Iihere tends (e be a centraliinitiatingl factor: that
encompasses: allbthree ofi the individuals mechanisms: and

W crack initiation to ultimate failtire mightibe classified to any of

e separate mechianisms: as, the: Crack: pProgress:s: threugh

B stages: It sheuld be noted that the bundles inquestion might

naver expenenced ar single event or limited" number event
'_ cycle that initiated ther cracks SEQUENCE,, & ClaCks propagation
il asysinee’ ceasedb s condition could enly e determined
B by metallegraphic: tests) off the maternalland: cracks face! for:
B (clliale signs ofi re-passivation’ o continued: cracks growihy

BN [he bundlesfwerer detectedi with ©LD: pitting: withr deptist o -

1576-85170) along the tube lengthrandiacress the entire bundle
matrix; hHeWeVer this; mechanism: Wass net considered  a

B service related preblem: Cracksi most: prokably initiateds at

the: pit lecations. Based on the: age! o the: bundle; defect
" depths) andl economic Ioss’s due 10) re-oceurming falures;
9)oif] bundlesyvere retub(_ed § ‘ % _‘f'i N =
TSR |
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