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DOE/ANL/HTRI . HEAT EXCHANGER TUBE VIBRATION DATA -BANK
by

H. Halle, J. M. Chenoweth, and M. W. Wambsganss

ABSTRACT

.DeQelopment of a new heat exchanger tube vibration-daéa bank at
Argonne National Laboratéry is described. The objective is to accumulate
comprehensive case histories on heat exchangers that have experienced
. ' :
tube-vibration problems and units -that have been trouble-free, and render
this informétion available for evaluation, improvement, and developmgnt
of vibration-prediction methods and design guidélinés. Discussions
include diffiéulties in generating a data bank, data form development,
and'solici;ation'efforts. Also included are 15 case histories upon
which the data bank will be built. As new case hisfories are received,

they will be assembled and published as addenda to this report.

I. INTRODUCTION

.

 Flow-induced vibration has becéme a vital factor in the design.of heat
exchangers along with the more traditional thermai, hydraulic,‘and meéhanical
" considerations. Tﬁere have been many cases of shell-and-tube heat excﬂangers
experiencing vibfation problemé, oféen leading to tube failures, and, in some
cases, costly plant shutdowns.' These vibration problems have motivated theore-
tical and experimental studieé which have resulted in the development of pre-
diction methods an& design guidelines to avoid detrimental tube vibration.
However, most of these studieé involyed single tubes or tube banks

subjected to idealized uniform crossflow or parallel flow conditionms.

Although these conditions can occur locally, they are not



typical of the changing flow patterns throughouf an actual shell—aﬁd-tube
ekchanger: Flow passages, and fhus~fléw conditions, are much more comple#
than simulated by either mathematical models or experimental equivalents.
Consequentlf, extrapolétion of tﬁese methods for~prédicting flow-induced:
vibration p;oblems to heat exchanger tube bundles has been seriq@sly chal-

lenged. AvailableApredictibn methods provide useful.guidance but are'cpnéidered

‘ unreliable to thé extent thatl;heir application to "heat exéhanger désign
evaluation is uﬁce;tain thus requiridg the ﬁse of larée factors of safety.

To examine'the'abilityAéf these methods to correctly predict the absence
ur présence of flow-induced tube vibrations, field data must be collgctgd
from case.historiesAof individual heét exchangers and stored in a manner that
can be input into tﬁese methods.

Efforts in support of sdcﬁ a da£a bank are being carried out at Argonne
National Laboratory' (ANL), and funded by the U.S. Department of:Energy, Office
of Fossil Energy, .Division of Fossil Fuel Utilizarion. The activity io also
a part of a U.S. contribution to an Internationai Energy Agenéy (IEA) program
of Research and'Development onﬂHeat Transfer and Heat Exchangers. :

Solicitation and collection of case hiétories for the data bank has been

assigned by ANL to Heat Transfer Research, Inc. (HTRI), a nonprofit cooperative

of heat transfer-equipment»manufactufers, engineering confnactors; anq
processing companies to promote application-oriented researéh in heat transfer.
ANL is working with ﬁTRI to téke'advantage of their éxperieﬁce with data
banks, their estéblished céntécts with maanacturers and users throughout the
world, and to ensufe‘anOnyﬁity of contributors to-the bank.

This report describes the DOE/ANL/HTRI Heat Exchanger Tube Vibration Data
Bank, including background infbrmation, dbjectivés, assessment of difficulties in-
volved, data forﬁ development, solicitation efforts, and, as an appendix, fifteen

case histories 6f heat exchanger tube vibration. These Histories were purchased
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from HTRI with program funds and represent cases in which acoustic vibration,
damaging tube vibration, and no vibratién were present. They constitute the
.initial entries and the base upon which the new data bank will be built. As
additionai éase'histories are received, the data will be collated-aﬁd published

annually as addenda tb,this report.

II. BACKGROUND

The need for a bank of field data for shell-and-tube heat excﬁangers that
have experienced flow—induéed tube Qibration proslems wés recognized by the
Tubular Exchanger Ménufacturers Association (TEMA) in 1969. Data collected
from its members:represented observations of gross effects that were considered
»éignificant”parameters concerning tube'vibrﬁtions. These proprietary data were
made available to HTRI in 1971. Since that time, a new understanding of vibrétion
phenomena has shown that the data are inadeqﬁate to evaluatg critically curren£
prediction methods. |

In 1972, HTRI started collecting casec histories for a heat exchanger.tube
vibration data baﬁk. A form was designed that requested more déta than found
in ;he'TEMA Data Baﬂk. More specifically, case histories ngo were requested
fo? heat excbangersvwhich had not experienced vibration problems. |

The datg obtained ranged f:om very complete to sparse. ‘In somé instances,
data gaps could be filled either by contacting tﬂe organiZation‘submitting the
case, by making back-calculations, or by using "good engineering judgment."
Althoﬁgh the HTRI data bank is proprietary to HTRI members, grbss comﬁarisons
of predictions by known methods with field observations have been published.T

Of the more than 60 cases subﬁitted, only 25 were sufficiently documented to

+J. M. Chenowetﬁ; "Flow-Induced Tube Vibrations in Shell and Tube Heat
Exchangers," ERDA Report SAN/1273-1 (February 1977).



be included in the'data‘bank. _However, only six of these cases deal with liquid
shellside'flow. Additiopally, the data are heévily.biased towafd cases for
.which vibration problems have been expgrienced;'fheré is a lack of.cases for
which no vibrafion problems occurred.

In England, Heat Transfer and Fluid Flow Service (HTFS) also has collected,
analyzed, and prepared a report on tube-vibration data. However, the report
is proprietary to HTIFS members. | |

In 1976, HTRI conducted a study on flow-induced tﬁbe vibration in shell-
and—ﬁube‘heat éxchangers for the Division of Conservation Research andiTechnology
of the Energy Research and Development Adminiétration.(ﬁRDA)T This sfudy included
a Heat Exchanger Tube Vibration Workshop‘to identify the most promising areas of
needed research in fl&w—inauced vibration in inddstrial shell-and-tube heat |
exchangers. An international panel of 14 vipration expert;, represeﬁting on-
going research, was invited to'present:their evaluation of the currént state-
of—the;art, and to ﬁarticipate with other artendees in discuecions and formu-
lation of research recommendations. The résults of the presentations énd
discussions were .published by Chenoweth.

During the workshop, the panelists stressed the importance of obtaining
and using field dafa to establish the.validity of any prediction method.
The difficulty of obtaining reliabié field data was recogﬁized, and the devel-
.oﬁment of improvedumethqu (i.e., data banks) Fo écduire éuch data was
: recommendéd. | . Q

Based,.in part, on the results and recomﬁendations from this workéhop,
development of a bank of field data was selected as oné of two progfam activi-
ties to be assigned to ANL. The second activity ianlyes obtaining tube- .
vibfation data under controlled conditions from testing of a spé;ially built,

" industrial size, segmentally baffled shell-and-tube heat exchanger. .



III. OBJECTIVES

' The DOE/ANL/HTIRI Heat Exchanger‘Tube Vibration Data Bank has as its
immediate objective the collection of sufficient, reliable, well-documented
field data to (1) demonstrate confidence in the application of available
.prediction me;hods to the design of eq;ipment; (2) provide a‘basis'for
improving these methods; or (3) provide the researcher with information for
developing new methods. The ultimate goal, in addition to reducing the:
number of heat exchangérs thét éxperiencebdetrimental vibratipns; is to
minimize the number of heat e#changers that are unnecessarily overdesigned

to avoid flow-induced vibration problems.

IV. ASSESSMENT OF DIFFICULTIES
Following are some of the reasons why it may bé difficult to obtain
comprehensive field data on flow-induced vibration in shell-and-tube heat

exchangers. -

'(l) Plant‘managers,and field service engineers are, underStandably,fmore
interésted in.getting a plant back into production than iﬁvestigating the
source of vibrétion—iﬁdueed failure of a heat exchanger. |

(2) Before a.vibration problem develops, there is no incentive to nake
obsérvations that could identify_the’source of the problem. Thus, although a
long-term phenomenon may have caused the failure,‘recent'operational\ghangés
5are'usually suspected.

(3) Actual operating'conditions‘mften do not agree with.conditions
aséumed in the design of a heat exchanger, particularly during startup,
shutdown, and plant upsets. It is reasonable to suspect many vibrationm

_problemé are initiated during these phases of operation.



(4) Flow velocity profiles.within a’ tube buﬁdle and tube damping, both
important parameters in any prediction method, afe difficult to measure and
to caiculate.

(5) Records are seidom kept of "as built" heat exchangefs. Deviations
during initial construcﬁion'and subsequent field changes are nét always noted.
on dréwings.

(6) Before organizatioﬁs will reiease the desired amount of data, they
must be assured that its source wiil be protected and that.its use will be ‘
restricted to evaluation of prediction method;.

The-lasﬁ item was a contributing factor- in the decision to assign an

independent, non-government organization (i.e., HTRI) the task of collecting,

storing, and coding the data forwarded to ANL.

V. DATA ‘FORM .

It is.importént that ;he data be collected in.a systematic way, be as
complete.as possible, and és accurate as practical. " Toward this end, a'
standard questionnaire is required which lists the desired information that
ma}; be available but may not be considered signif'icént by edch contributor.

| The questionnaire should providé entries for sufficient primary data
to enable an investigdtor (1) to calculate important derived data such as
flow velocity fractions and‘naturél frequeﬁcies (if not méasuréd); (2) to input
. the daté in various predition methods; (3) to compare tbe calculated resuits
with actual'pérformance; and (4) to request additional information that may.

be made available by the source.



The DOE/ANL/HTRI Heat Exchanéer Tube Vibration Data Form and'Instfuction
Sheet devéloped to satisfy these requirements are peproduced in Appendix 1.
The é-page data form is based on a Heat Exchanger Vibratiop bata Sheet
developed and used by HTRI to acéumulate kheir data bank. .In consultation
wifh HTRI, the format of their daté sheet has been reérranged and eﬁl&rged
to motivate and accommodate more input, pariicularly'with respect to
'Vibration damage description, analysis of two-phase flow, gnd evaluation of
the influence of axial forces on tubes.

.As the case histories are_received by HTRI, they will be coded. Page 1
of the Data Form will be retained in a confidential file. Pages 2, 3, and 4,
which Eontain the pertinent . technical information will be sent to ANL for

inclusion in the DOE/ANL/HTIRI Heat Exchanger Tube Viﬁration Bank.

VI. ‘SOLICITATION

As discussed above, the task of soliciting case higtories has been
assigned to HTRI. The letter of solicitation that accompanies the data
form ié inclﬁded iﬁ Appendix 1. '

A direct solicitation for case histories has been made to HTRI member :
Aorganiiations;(> 150) located ﬁhrough the Qorld. Additionélly, non-HTRI
member‘organizations will be solicited.

The vib;ation problem is sufficiently complex, that a follow-up proceduré
will.bg'implemented to ensure complete docuﬁentation of eéch'case.history. "In
addition, the quality of the information will be evaiuated; pdor‘data with
inadequate.docﬁmentation-will only'be misleading. It is better to have fewer

reliable data in a data bank than a larger amount of questionable data.



VII. INITIAL CASE HISTORIES'

Fifteen of the most,reﬁresentative of well-documented case histories have
been purchased from the HTRI Data Bank, and the information trénsferred to the’
new data forms. These.férms ére reproduced as Appendix'Z, and fepresent the
“initial case historieé of the DOE/ANL/HTRI Heat Exchanger Tube Vibration'Data
Bank. Owing to the enlargéd.fdfmat and increased number of entries, there are
areas where the‘data.are incomplete.

Also included in Appendix 2 is a summary tabulation of the geométries and

various process fluids -of the heat exchangers.

VIII. DISCUSSION

éuccessful deéelbpment.of a data bank of heat éxcﬁange; tube vibration case
histories cannot be guaranteed a.priori because of the pény difficulties.in
' obtaining data that are sufficienfly detailed aqd reliable.A For the most part,
these difficulties are beyona the control of the dafa bank developer. In fact,
some invéstigétors who have a;temptéd to assemble a simiiar.bank for evaluatiop
of predictiqn methods have concluded that such an effort, wh{1e,initially
appealing, is difficult to accomplish in practice because of inherent un-
certainties in the data. ‘

Nevertheless, development of the DOE/ANT./HTRT Heat ﬁxchanger Tube Vibration
Data Bénk is deemed a significant effort towérd‘a better'undérsténding of the
phenomena’ involved, and marked improvement in formulation and épplication of
prediction metﬂodsf

More specifically: Although information_in the &até bank will be pre-
dominantiy of a qualitative nature, it_wili aid‘researchers and design
engineers in (1) identifying regions within a tube bundle (such as the first

row after the baffle cut) that are most susceptible to vibration and whether



the mode of féilure isltube wear at the baffle or intertube imp;cting; and
(2) defermining the relative effectiveness of vafious design features (e.g.,
impingement plates) in reducing the potential for tube vibration.

As‘a.source of pracgical information,.thebd;ta bénk will be pgrticularl&
beneficial to'researcﬁers who have no direct experience in design or opératidn
of heat exchangers, but are involved in deQelopment of design guidelines and
corresponding performance-prediction methods.

For the effort to be successful will require the cooperation of thé'con—
tributors to the bank to ensure that complete and accurate data are provided.
Also, it will be necessary to collect case histories from heat exchangers that
have as well as those that have not experienced vib;ation problems, and from
;'units-with iiduids, gases, and two-phase mixtures as\the sheliside fluid. As
the number of respective case histories increases, trends in.the dyngmic
behavior will become appareﬁt, as will any anomélies that should be disrggafded
because of inaccuféte or unceréain data. As necessary, selected case historiés
will be followed up»with personal contacts and/or on-site visits for ﬁurposes
of_obtaining clarification or additional information.

It is notfunreasonable to expec; that it will take several years to
collect a sufficient number of well-documented caées for the data bank to
beéome a.useful tool in the evaluation of‘prédiction methods. However, during
this time period the available data will provide useful guidance of research
efforts. For example, new methods to calculate flow velocities may be derived
which will inérease the potential usefulness of fhe data o&er what it would

be today.



APPENDIX 1
+HTRI Solicitation ‘Letter for Tube Vibration Caée Histories
and

DOE/ANL/HTRI Heat Exchanger Tube Vibration Data Form
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HEAT TRANSFER RESEARCH, INC. Research Facilities

1000 South Fremont Avenue Alhambra, California 91802 Telephone (213) 570-3950
Telex 67-4888 (CFBRAUN) ’ TWX 910-589-3377

Subject:  Tube Vibration Data' Bank on Shell-and-Tube Heat
Exchangers -

~

The importance of correctly predicting, and thus eliminating, the danger of possible tube vibration in shell-and-tube heat
exchangers hardly needs to be emphasized. There are many known cases where tube vibration resulted in destruction of
tubes with very dangerous and costly consequences. HTRI has been active in tube vibration research for the past eight yéars.

In October 1976 HTRI organized under contract to ERDA (presently US Department of Energy, DOE) a Tube Vibration
Workshop with a panel discussion on the state of the art by selected international experts. (Reference ERDA Report No.
SAN/1273-1.) One of ‘the principal conclusions was the urgent need for a tube vibration data bank. To test the various
predictive methods developed from theory or laboratory studies, field data on large-scale industrial shell-and-tube heat ex-
changers are necessary.. Our subsequent contract with DOE resulted in

® HTRI consulting on a research program involving a large-scale test exchanger for vibration study at the Argonne Nation-

~al Laboratory. This test is currently under way and is producing most important data. The results will eventually be

published as a report from Argonne National Laboratory and will also be made available to the International Encrgy
Agency.

® HTRI, acting on behalf of DUE/Argonne, soliciting and collecting data for a new DOE/ANL/HTRI Heat Exchanger
Tube Vibration Data Bank.

The reason Argonne National Laboratory has given the task of establishing the Tube Vibration Data Bank to HTRI is (a) our

previous experience in the proper assembly of tube vibration data, and (b) to assure anonymity of the data sources.
. : L)

By this letter I am requesting support from your compar'ly to supply field data on shell-and-tube heat éxchangers that experi-
enced vibration problems as well as data on similar exchangers that did not experience vibration problems. Such cases to be

. useful need to be reasonably well documented. A new Data Form (attached) was developed to assist in collecting the data. It

reflects our experience and anticipates items that are significant but mlght be overlooked. The identity of the data source
will be confidentiz! to HI'RI Statt as only pages 2, 3, and 4 of the Data Form will be included in the Data Bank. Your
cooperation will assure that badly needed data will be available for a well-organized international cooperative prolect on
flow-induced vibration and ultimately the formulation of improved methods for tube vibration prediction.

Sincerely yours,

JT:pth . Jerry Taborek
Attachment ' : * Technical Director

Administrative Office

1-2 1499 Huntington Drive, Suite 309 South Pasadena, Calift.)rnia 91030
Telephone (213) 570-3980 L Telex 67-5355 (HTRI)



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 1

Name of Person’ _ | Assigned
" Submitting.Case - : : ) i , (Confidential) Case No.

Phone Number

Address

Item No. e (Confidential) Date Submitted

Reference No. : : (Confidential)

INSTRUCTIONS

HTRI is collecting data on vibration and vibration damage in shell-and-tube heat exchangers which will be incorporated

into a Vibration Data Bank sponsored by the U. S. Department of Energy (DOE). Some years ago, TEMA and HTRI

collected case studies of vibration which have become the initial entries in the data bank. Recognizing that more

comprehensive. data are needed, this data collection form has been prepared. The case studies will be used to test and to

aid in the improvement of proposed correlations for predicting the occurrence of vibration and possible damage which

might result. Until a sufficiently broad data bank can be assembled and used to test possible prediction methods, it will
" be impossible to make predictions with any degree of confidence.

Any predictive method must not only indicate when vibration problems are probable, but must also predict accurately
when they will be absent. Consequently, we are interested in also receiving a number of cases of heat exchangers which
did not experience vibration and yet were similar to ones which had vibration problems. Much of the requested infor-
mation may be available from drawings and/or specification sheets for the exchan_gers. If these are supplied, only the
flow conditions and observed descriptions of damage, vibration frequencies, etc. need be filled in on the data sheets.

The company submitting the'data and any Item and Reference Numbers used to identify the exchanger will be confi-
dential. HTRI will assign a case number and forward the data to Argonne National Laboratory (ANL) for publication
for DOE. ) '

Plcase fill in the forms as completely as possible. Supplement with photographs, sketches, drawi.ngs, and descriptions
if’ available. Indicate known deviation from construction drawings. Add anything you feet would assist in under-
standing flow-induced vibration. For the benefit of all, please contribute as many cascs as possible. Mail the completed
forms with attachments to: ) A ‘

Heat Transfer Research, Inc.
1000 S. Fremont Avenue
Alhambra, CA 91802




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM ¢ Page2

Assigned
Case No. _

Type 0 TEMA Exchanger  Designation

O Special Exchanger (Describe)

O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY |

Inside Diameter, mm (in.)
Wall Thickness, mm (in.)___ - Material
Inlet Nozzle ID, mm (in.) ;
Qutlet Nozzle ID.mm (in) . .. . .

Impingement Protection ONo DOYes
(Describe)

Annular Distiibuto ONuo OvYey
Open Cut Area mm? (in.?)
Nozzle-to-First Tube Row Distance, mm (in.)

CROSS BAFFLE GEOMETRY

Type O Segmental; O Double-Segmeﬁtal Q Disc/Doughnut

O Triple-Scgmental; O No-'l'ul)cs-in-WindoW

Baffle Cut, % Shell Diameter
Cut Orientation Relative to Axis of Inlet Nozzle

Inlet Baffle O Perpendicular O Parallel 045°

Central Baffles O Perpendicular O Parallel O 45°

Baffle Thickness, mm (in.) - Material

Diametral Clearances Shell-to-baffle, mm (in.)
Tube-to-bafflemm (iny
Bundle-to-shell, mm (in.)___

Outside Diameter, mm (in.)

Shell Orientation. = O Horizontal

Wall Thickness, mm (in.)________"Material :
Tube Lengths .
Straight Tube, Inside Tubesheets, mm (in)) __._

U-Tube, Tubesheet to Bend Tangent, mm (in.)

Tube Pitch, mm (in.)

Layout (Pleasc Circle)

Flow 3029 4 p W R 202979

No.of Tubes____ " No. of Tubepasses
First Tubepass O Countercurrent O Cocurrent
Tube-to-Tubesheet Joint

O Welded O Roller Expanded O Other
If U-Tube

Maximum Bend Radius, mm (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel .

If Bend Supported, Describe in Comments Below

If Finned Tubes
Fins/m (Fins/in.) ___ Fin Material
Diameter, mm (ih.), Root

Over Fins
If Lnlianced Surfuce Tubes i

Number of Baftles Along Length of Shell (Describe)
Baffle Spacing, mm (in.) Central }
DETUNING BAFFLE
Inlet Outlet

Unsupported Tube Span Lengths, mm (in.)
Longest Inlet Outlet

| If Detuning Baffle Used to Control Acoustic

Vibration, Indicate Pasition on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shelislde nozzles.
Indicate inlet nozzles with an arrow.

'J---[- 5 Tl B Rl a=--r h il
L L} Ll L

) L}
. Fl . A ed ] 1 Lo.d.
1
)
: .
N L] . .
[y . '
.o Fixed Tubesheet '
- . :
) ' N
L} L}
' '
' '
ta---y v T - v re=n
. L} . . A} v ) ) L [
R I R R PR R LR P
ﬁ Indicate top of exchanger as mounted
= =D

by filling In appropriate arrow.

q-----

1-4

Show shellside inlet nozzle tocatlon, baffleicut
orientation, and impingement devices.

_".--.._r

| Y,

4---1
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 3

Assigned
. Case No.
PROCESS CONDITIONS ‘

Reference Condition A Reference Condition B
Tubeside Shellside Tubeside . Shellside
Flow Rate, kg/s (10%1b/hr)
Inlet Temperature, C (F)
Outlet Temperature, C (F)
Inlet Pressure, kPa (psia) Absolute
Measured AP, kPa (psi)
| Inlet Weight Fraction Vapor SR R

Outlet Weight Fraction Vapor .
Vibration Observed ONo DOYes ONo QOYes
FLUID PHYSICAL PROPERTIES
Fill In All Applicable Entries Tubeside Shellside

Fluid Name

Reference Temperature, C (F) .

Liquid Properties at Reference
Temperatures

Density, kg/m> (Ib/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m-C (Btu/m ft F)

Heat Capacity, kJ/kg-C (Btu/m ft F)

Vapor or Gas Properties at *
Reference Temperatures

Density, kg/m> (1b/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m+C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btu/lb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

If Boiling or Condensing

Latent Heat, kJ/kg (Btu/Ib)
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4

' Assigned
) Case No.
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kg/s (103 Ib/hr)
If Known, Crossflow Velocity at baffle tip, m/s (ft/sec)*
Crossflow Velocity at centerline; m/s (ft/sec)*
Velocity Through Window in Baffle, m/s (ft/sec)*
Inlet Nozzle Velocity, m/s (ft/sec)*
Outlet Nozzle Velocity, m/s (ft/sec)‘
Measured Natural Frequency, Hz
Measuied Acoustic Frequencies, Hz
Noise Sound Level, db
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources ONo .OYes
' ' Source Frequency, Hz ___ rpm
O Machinery ) - 'O Piping
O Cavitation " O Pulsating Flow
Damage Noted O No . v
O Yes Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact . O Cutting at Baffle . O Near Tubesheet
O Tube-to-Shell Impact . 1] Tubesheet Joint Leaking O Fatigue
Wear O One Side of Tubes Only 0 Parallel to Flow O Normal to Flow
O All Around Tube Ciroumference ‘
O Corrosion Evident O Fouling Evident

0O General Description of Damage

Exchanger Operation History

® How Long on Stream Before Damage Occurred?

®  Any.Unusual Occurrence Observed Prior to Vibration as a Consequence of
Q Start-up 0O Plant-Upset O Shutdown

Describe

s If Vibration Remedy Applied, Describe and Indicate Results:

TUBE BUNDLE DAMAGE SKEICH




- APPENDIX 2

N

Case Histories 101-115 of the DOE/ANL/HTRI Tube Vibration Data Bank



Summary of Heat Exchanger Case Histories in

Appendix 2
Tube Tube »
Case Shell x* Ba"lc* Bundle oD Pitch Layout Tubeside Sheliside Shel! .
No. Typs Type Type n. Ratlo A(?gle Fluid ° Flula Diameter | Damage Reported
o . degq. - - . in. °
101 BEM Seg. FXTS 0.750 1.33 30 Chity Gas City Gas 47.2 Nolse .
102 | 8m || seq. | FxTS 0.750 | 1.25 60 water “Reftrlg. 44.0 Batfle
103 AEP 2-Seg. OPFH .0.625 | 1.20 30 Water water 19.3 Collision
104 AES Seg. SRFH 0.625 1.20 30 Water Alr 10.1 Batfle
105 | AET Seg. .| PTFH 0.984 | 1.28° 60 water City. Gas 57.7 —_
106 AET Seg. PTFH 0.984 1.28, 60 Water (:.‘,.'H4 5_7.7 Near Tubesheet
107 CEM 2-Seg. FXTS 0.7560 1.2% 60 Mot Gos Mat'l Qos 37.0 Daflle
108 CEM 3-Sey. FXTS 0.750 1.25 - 60 Nat'i Gas Nat'l Gas 44.0 Tubejoint
109 CEM 2-Seg. FXTS - 0.750 1.33 60 Nat’l Gas Nat'l Gas 53.0 —
110 CEN 2-Seg. FXTS 1.000 1.25 45 Water Olefin - -45.0 Baffie
111 CEN 2-Seg. FXTS 1.000 1.25 45 Water Oletin 45.0 " —
112 AJS Seg. PTFH 0.750 1.33 . 90 . Water Alr 43.0 Tubejoint
R4
113 - AEUV Seg. U-tube 0.750 1.33 %0 Water H.C. 173 Baftfle
114 AEL 2-Seg. FXTS 0.750' | 1.25 ) 60 Rlch Gas- Lean Gas 56.0 Near inlet
115 BJS Seg. PTFH 0.750 | 1.67 90 Water Proc. Gas 69.0 Nolse -

Association, Sixth Edition, 1978.

2-2

* ]
For definitions, see Standards of Tubular Exchanger Manufacturers *




" DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 1

To protect the identity of the organiiation submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been
reviewed to ensure that they do'not include any propietary information.
This is a replacement for the original page 1 that provides space for
additional comments, drawings, photographs, etc. '

Assigned

Case No. 101

Summary

This 48-in. 'diameter by 13-ft long BEM TEMA style heat exchanger
with segmental baffles had "city gas" in both the shell side and
the tube side. Although no direct damage to the tubes was noted,
there was a loud noise during. operation. The noise was assumed
to have been the result of flow-induced acoustic vibration.
Information is limited to that presented on data form.




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2.

Assigned
Case No.

101

Type B TEMA Exchanger Designation vEM

D Special Exchanger (Describe)

Shell Orientation X Horizontal

O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, s (in.) Y¥1.2

Wall Thickness, mm (in.)_______ Material
Inlet Nozzle ID, s (in.) 1.0

Outlet Nozzle ID, sam (in.) 0

Impingement Protection ~ BNo- - OYes
(Describe)
Aunular Disttibutur ENv OYes
Open Cut Area mm? (in.?) :
~ Nozzle-to-First Tube Row Distance, sam (in. )_3_,____

CROSS BAFFLE GEOMETRY

Type ﬁSegm_ental; O Double-Segmental O Disc/Dbughnut

O Triple-Segmental; O No-Tubes-in-Window

Baffle Cut, % Shell Diameter 2.5
Cut Orientation Relative to Axis of Inlet Nozzle

Inlet Baffle  JPerpendicular O Parallel O45°

Central Baffles J&Perpendicular O Parallel’ 045°

Baffle Thickness, s (in. )__Hﬂ Material ______.+ 2

Dnametral Clearances Shell-to-baffle, sam (in. )_Q_‘_\z___
“Tube-to-baffle s (in.)__ O O
Bundle-to-shell, s (in.) Y

Number of Baffles Along Length of Shell ____ 3
. Battle Spacing, s (in.) Central 'L%G.L '
inlet _41  Outlet __4T1.7

Outside Diameter,+m (in.)

0.26D

Tube Lengths

Tube Pitch,me (in.) \

Wall Thickness, snm(in.).0:018 7 Material 304 $S

Straight Tube, Inside Tubesheets, mm (in.)_’,'?:é__

U-Tube, Tubesheet to Bend Tangent, mm (in.) _—
00

Tayout (Pleav Circle

Tube-to-Tubesheet Joint

If U-Tube

O Perpendicular O Parallel

If Finned Tubes
Fins/m (Fins/in.)
Diameter, mm (in.), Root

If Enhanced Surface Tubes

Maximum Bend Radius, mm (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle

(D e pmy
No.of Tubes________ No. of Tubepasses

First Tubepass O Countercurrent 0O Cocurrent

P Welded 0O Roller Expanded O Other

mm——

— _ Over Fins
p———————

If Bend Supported, Describe in Comments Below

_ Fin Material

—

(Describe) .

DETUNING BAFFLE

Unsupported Tube Span Lengths, s (in.)
Longest 11.% Inlet 11.% Outlet _17.2

If Detuning Baffle Used to Control Acoustic . .

COMMENTS AND SKETCH

Vibration, Indicate Position on Sketch Beldw

Compiete sketches by drawing in tubeside and shellside nozzles.
Indicate inlet nozzies with an arrow.

Fixed Tubesheet

”ﬁnl B

e SR NS

t Indicate top of exchanger as mounted
o =D

by filling In appropriate arrow.

Show sheliside inlet nozzle tocation, baffle cut
oricntation, and impingement devices. .




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned
Case No.

101 1

4

Reference Condition A

Reference Condition B \

Tubeside ''|  Shellside Tubeside Shellside
Flow Rate, kgfs (103Ib/hr) 2 184
Inlet Temperature, €(F) 69.% 7.4
Outlet Temperature, € (F) 536 SY.5
Inlet Pressure, ¥Pa (psia) Absolute 30 370
Measured AP, }ePe (psi) CALCULATED 0.34 0.9
Inlet Weight Fraction Vapor 1.0 1.0
Outlet Weight Fraction Vapor t.0 \.0
Vibration Observed ONo ®Yes ONo OYes
FLUID PHYSICAL PROPERTIES
Fill In All Applicable Entries Tubeside ) Shellside
Fluid Name "oy GAs “city GAs"
Reference Temperature € (F) 9.5 ] 53, b 374 [ Sy.<
Liquid Properties at Reference '
Temperatures
Density, kg/m> (Ib/ft®) / ~ - !
Viscosity, mPa-s (cP) N S~
Thermal Conductivity, W/m-C (Btu/m ft F) | T _—
Heat Capacity, kJ/kg-C (Btu/m ft F) S~ T
. Vapor or Gas Properties at
Reference Temperatures
Density, kefm? (Ib/ft>) - 0.8 0.8 082S 0.8525
Viscosity, saPass (cP) . : ‘ 0.019 4

0.01Y6

Thermal Conductivity, Wfm=-& (Btu/hr ft F)

Heat Capacity, kdfkg~& (Btu/lb F)

» Fluid Molecular Weight, kgfmet(1b/mole)

If Boiling or Condensing

Latent Heat, &3fleg (Btu/lb)

2-5




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM
. : Page 4

Assigned
Case No. 101

- VIBRATION AND DAMAGE DESCRIPTION

When Vibration Present, Shellside Flow Rate, legfs (10% Ib/hr) | 84

If Known, Crossflow Velocity at baffle tip,+{s (ft/sec)*

Crossflow Velocity at centerline, srfs-(ft/sec)®

Velocity Through Window'in Baffle, m{fs (ft/sec)*

Inlet Nozzle Velocity, mfs (ft/sec)‘

Outlet Nozzle Vcluclly m#o(il/ucc)‘

Measured Natural Frequency, Hz

Measured Acoustic Frequencies, Hz No1sE Noigp

Noise Sound Level, db

* Please describe how velocities were calculated or estimated. . HTRL ST-4 COMPUTER PROGRAM

Vibration Caused by External Sources " ®WNo DOYes

' Source Frequency, Hz __pm

O Machinery O Piping
« O Cavitation O Pulsating Flow
Damage Noted R No .
O Yes Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact o Cutting at Baffle , " O Near Tubesheet
" O Tube-to-Shell Impact 0O Tubesheet Joint Leaking DO Fatigue
Wear O One Side of Tubes Only 0O Parallel to Flow . ) O Normal to Flow
‘O All Around Tube Circumference '
O Corrosion Evident QO Fouling Evident

O General Dc§cription of Damage . —

Exchanger Operation History

- ® How Longon Stream Before Damage Occurred"

¢  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up O Plant- -Upset 0O Shutdown

Describe

e  If Vibration Remedy Applied, Describe and Indicate Reeults: '

TUBE BUNDLE DAMAGE SKETCH




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM  Pagel

To protect the identity of the organization submitting this case, HTRI has :
assigned a case number. Additionally the data on pages 2, 3, and 4 have been - Assigned
reviewed to ensure that they do not include any propietary information. Case No.
This is a replacement for the original page 1 that provides space for
additional comments, drawings, photographs, etc.

102

Summa;j

This 44-in. diameter by 1l2-ft long BEJ TEMA style heat exchanger
with segmental baffles had prbpylene vapor on the shell side and
cooling water on the tube side. The vapor entered the shell
through the double nozzles. The vapor was cooled but not con-
densed. Tube damage was noted as cutting at the baffles; however,
the specific location in the bundle was not noted. Information
is limited to that presented on data form.




Baffle Cut, % Shell Diameter 40

Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle  OPerpendicular B Parallel 045°
Central Baffles O Perpendicular &Parallel 045°

Baffle Thickness, sam (ih )_.(125. Material

Dlametral Clearances Shell-to-baffle, mm (in. )_Q._Zh__ ~

Tube-to-baffle smm (in.) _0:015 é?.ﬁ
Bundle-to-shell, ms(in.) 0 °§Q

Number of Baffles Along Length of Shell Y .
Baffle Spacing, s (in.) ____ Central 26 .7775_
inlet 29,75 Outlet 215375

DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM . Page 2
- ' Assigned )
4 CaseNo, 102
Type ¥ TEMA Exchanger Designation BIM Shell Orientation B Horizontal
O Special Exchanger (Describe) O Vertical

SHELL GEOMETRY (Complete Sketch Below) TUBE GEOMETRY
Inside Diameter, s (in.)___4Y . Outside Diameter, mem (in.) ____ 0,150
Wall Thickness,mm (in.) _—____ Material Wall Thickness, s (in. )_0_0.(25_ Material AD_CLKAL_LL.
Inlet Nozzle ID, msa (in.)___2.02 (Twod Tube Lengths
Outlet Nozzle ID, sasa (in.) 24 Straight Tube, Inside Tubesheets, s (in.) _lﬂo_-_h__
Impingement Protection BNo O Yes U-Tube, Tubesliheet' to Bend Tangent, sam (in.)

(Describe) — Tube Pitch, s (in.) 0.4375
Annular Distributor BNo OYes . Layout (Please Cucle)o ° .

Open Cut Area msm? (in.?) — Flow 30 b 4 0 m
Nolzzle-to-Fu'st Tube Row Distance, s (in.) No. of Tubes Nu, of Tubepd,»%
"CROSS BAFFLE GEOMETRY Fisst Tubepass & Countercurrent & Cocurrent

N i ; Tube-to-Tubesheet Joint

Ty I Segmental; O Double-Segmental O Disc/Doughnut

pe B gment ghn O Welded 1 Roller Expanded 0O Other

O Triple-Segmental; 0O No-Tubes-in-Window If U-Tube

—

Maximum Bend Radius, mm.(in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes

Fins/m (Finsfin.) _——_

Diameter, mm (in.); Root _—
If Enhanced Surface Tubes

('De.écn'be)

Fin Material
Over Fins

DETUNING BAFFLE

Unsupported Tube Span Lengths mm(n)_
Longest 9615 Inlet 9615 Outlet _52.372

If Detuning Baffle Used to Control Acoustic

Vibration, Indiéate'Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozzies.
Indicate infet npzzles with an arrow.

R B

Show sheliside Inlet nozzle location, baffle cut
orientation, and Impingement devices.

Fixed Tubechoot '

Indlcate top of exchanger as mounted
<o =D

by fliling in appropriate arrow.

2-8




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM - 1

PROCESS CONDITIONS

Page3 q

Assigned
Case No.

102 4

Reference Condition A

Reference Condition B

Tubeside

Shellside

Tubeside Shellside

Flow Rate, kafs (10°Ib/hr)

1

616

Inlet Temperature, € (F)

15

182

QOutlet Temperature, € (F)

170 -

100

Inlet Pressure, ldPe (psia) Absolute

6.7

236

Measured AP, 3P (psi) .

YA

4.0

Inlet Weight Fraction Vapor

)

1,0

Outlet Weight Fraction Vapor

)

1.0

Vibration Observed’

O No

® Yes

ONo 0OYes

"FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside.

~ Fluid Name

CoouinG WATER

PRo? YL LENE

Reference Temperature , € (F)

l

oo | 152

Liquid Properties at Reference
Temperatures '

Density, kefm® (Ib/ft3)

Viscosity, mPaas (cP)

T~

Thermal Conductivity, Wfm+€ (Btu/m ft F)

/

Heat Capacity kJ/kg€ (Btufm ft F)

" R
—

Vapor or Gas Properties at
‘Reference Temperatures

Density, kgfm® (Ib/ft>)

"(9'2_ | l:‘(‘{

Viscosity -mPa-s (cP)

0.00%7

Thermal Conductivity,Wfm-C (Btu/hr ft F)

0045

Heat Capacity, k¥fkg-€ (Btu/lb F)

Fluid Molecular Weight, lg/mot (Ib/mole)

If Boiling or Condensing

Latent Heat, ledfieg (Btu/lb)



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned
Case No. 102
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kg/e (10° Ib/hr) 610
If Known, Crossflow Velocity at baffle tip, mfs-(ft/sec)* . 27.%
Crossflow Velocity at centerline, safs (ft/sec)* 264
Velocity Through Window in Baffle, safs (ft/sec)* 1719
- Inlet Nozzle Velocity, smfs-(ft/sec)* . 324
Outlet Nozzle Velocity s (ft/sec)®
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
- Noise Sound Level, db _
* Please describe how velocities were calculated or estimated.
- Vibration Caused by External Sources. . 0ONo OYes
‘ Source Frequency, Hz pm
O Machinery DO Piping
O Cavitation - O Pulsating Flow
Damage Noted O No L '
) X Yes Complete skétch at bottom of page indicating location in bundle
Type - O Tube-to-Tube Impact XCuui’_né at Baffle ] O.Near Tubesheet
O Tube-to-Shell Impact _ D Tubesheet Joint Leaking O Fatigue
Wear. O One Side of Tubes Only = O Parallel to Flow : O Normal to Flow
O All Around Tube Circumference _
O Corrosion Evident O Fouling Evident ’

O General Description of Damage

Exchanger Operation History

®  How Long on Stream Before Damage Occurred?

¢ Any Unusual Occurience Observed Prior to Vibration as a Consequence of -
O Start-up O Plant-Upset 0O Shutdown

Describe-

© If Vibration Remedy Applied, Describe and Indicate Results:

TUDL BUNDLE DAMAGEL SKETCII :

2-10




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on "pages 2, 3, and 4 have been
reviewed to ensure that they do not include any propietary information.
This is a replacement for the briginal page 1 that provides space for
additional comments, drawings, photographs, etc.

Page 1

Assigned -

103
Case No.

Summary

This ZO—in.'diametér by 7-ft long AEP TEMA style heat exchanger
with segmental baffles had water on both the shell side and the
tube_side.' The inlet nozzle orientation was such that its
centerline intersected the baffle cut at 459.
was 45 percent of the shell inside diameter which results in
little crossSflow. The tube damage reported tube-to-tube impact
, resulting in splitting of the tube material until leaks de-
veloped. Information is limited to that presented on data form.

The baffle cut




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2

Assigned
CaseNo. _ 103

Shell Orientation Bl Horizontal

Type ® TEMA-Exchanger Designation AEP
O Special Exchanger (Describe)

O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, #m (in.) 19.29

Wall Thickness, s (in.)_______ Maten’al :
Inlet Nozzle ID, ma (in.)____12,

Outlet Nozzle ID, s (in.) 12

Impingement Protection BNo O Yes

—

(Describe)
Annular Distributor ENG OYes
Open Cut Areamm? (in.?)_ —

Nozzle-to-First Tube Row Distance, s (in.)

CROSS BAFFLE GEOMETRY

Type JR Segmental; O Double-Segmental O Disc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter us
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle  OPerpendicular O Parallel ®45°
Central Baffles O Perpendicular O Parallel M45°
Baffle Thickness, mm (in) Q319 Material ___
Diametral Clearances Shell-to-baffle, mm (in)_O M4 -
Tube-to-baffle ma (in.) _0.019
Bundle-to-shell, mm (in.).l;.g_l_z__'

Number of Baffles Along Length of Shell >

* (Describe)

Outside Diameter, m (in.) 0. 61&
Wall Thickness, s (in. )_'oii_ Material _QL_O_CU_M.L
Tube Lengths
Straight Tube, Inside Tubesheets, s (in. )__(‘_____
U-Tube, Tubesheet to Bend Tangent,sam (in.) _——

Tube Pitch, mar(in.)___0.050
Layout (Please Circle)

Flow l‘ib\ 432 60, Q.Q:I:I
No. of Tubes.. {01 No. of Tubepasses 1
First Tubepass O Countercurrent = O Cocurrent

Tube-to-Tubesheet Joint
O Welded ) Roller Expanded O Other

- If U-Tube

“Maximum Bend Radius, mm (in.) .
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes

Fins/m (Fins/in.) T ___ FinMaterial _~—
Diameter, mm (in.), Root _—_ Over Fms
If Enhanced Surface Tubes -—

e

Battle Spacing, s (in.) Central __T1_
fnlet 21" Outlet __ 71

DETUNING BAFFLE

Unsupported Tube Span Izngtﬁs, aza (in.)

Longest 47 Inlet Outlet

If Detuning Baffle Used to Control Acoustic
Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

*Complete sketches by drawing in tubeside and sheliside nozzles.
Indicate Inlet nozzles with an arrow.

| v

|

Fixed Tubesheot

JT1

ﬁ Indicate top of exchanger as mounted
> =D

by 'Ill|n§ In appropriate arrow. 2_12

Show sheliside inlet nozzle location, batfle cut

orientation, and impingement devices,

b

PAIR OF Seac STRPS -




DOE/ANL/HTRI HEAT BXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned
Case No. __.'_91___

Reference Condition A

Reference Condition B

Tubgside ’ Shellside

Tubeside Shellside

Flow Rate, kgfs.(10°Ib/hr)

goo

Inlet Temperature,C (F)

L.(7]

Outlet Temperature, €F)

13y

Inlet Pressure, iPr(psia) Absolute

~ 30

Measured AP, e (psi)

Inlet Weight Fraction Vapor

0

Outlet Weight Fraction Vapor

0)

Vibration Observed

- ONo RYes

ONo OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

TWATER

WATER

Reference Temperature, C (F)

il

Liquid Properties at Reference
Temperatures

Density, kg/m® (Ib/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m+C (Btu/m ft F)

Heat Capacity, kJ/kg-C (Btu/m ft F)

Vapor or Gas Properties at
Reference Temperatures

Density, kg/m> (Ib/ft3)

Viscosity, mPa*s (cP)

Thermal Conductivity, W/m-C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btuflb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

If Boiling or Condensing

Latent Heat, kJ/kg (Btu/lb)




‘DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4

Assxignedl
Case No. _ 103
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kafs (10% Ib/ht) 800
If Known, Crossflow Velocity at baffle tip, m/s (ft/sec)*
Crossflow Velocity at centerline, m/s (ft/sec)*
Velocity Through Window in Baffle, m/s (ft/sec)*®
Inlet Nozzle Velocity, m/s (ft/sec)® : -
Outlet Nozzle Velocity, m/s (ft/sec)*® '
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db ‘ . i
* Please describe how velocities were caiculated or estimated.
Vibration Caused by External Sources ’ * ONo QOYes
Source Frequency, Hz rpm
O Machinery ’ .0 Pip,ing’.
O Cavitation O Pulsating Flow
Damage Noted O No »
HYes - Complete sketch at bottom of page indicating location in bundle
Type K Tube-to-Tube Impact D Cutting at Baffle * O Near Tubesheet
-0 Tube-to-Shell Impact . O Tubesheet Joint Leaking O Fatigue
Wear - O One Side of Tubes Only O Parallel to Flow ° ) .0 Normal to Flow
O All Around Tube Circumference - :
O Corrosion Bvident 8 Fouling Evident : o
QO General Description of Damage TUBES sPuT AN - LEAKING

Exchanger Operation History

e How Lc;ng on Stream Before Damage Occurred?

®  Any Unusual Occurrence Obscrved Prior to Vibration as a Consequence of
‘O Start-up O Plant-Upset D Shutdown

Describe

¢ If Vibration Remedy Applied, Describe and Indicate Results:

TUBE BUNDLE DAMAGE SKETCH

2-14




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM ' Page 1

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned
reviewed to ensure that they do not include any propietary information. Case No.
This is a replacement for the originpl page 1 that provides space for )

104

additional comments, drawings, photographs, etc.

Summary

This 10-in. diameter by 6-ft long AES TEMA style heat exchanger
- with segmental baffles had air on the shell side and water on
the tube side. The inlet nozzle orientation was such that its
centerline intersected the baffle cut at 45°. The baffle cut
was 45 percent“of the shell inside diameter which results in
little crossflow. All tubes showed eVvidence of cutting at each
baffle. It was noted that there was a possibility that the
vibration might have been induced by outside sources. Inform-
"ation is limited to that presented on data form.

2-15



DOE/ANL/HTRI HEAT-EXCHANGER TUBE VIBRATION DATA FORM ‘Page 2
Assigned ‘
Case No. 104
Type B TEMA Exchanger Designation AES Shell Orientation O Horizontal
O Special Exchanger  (Describe) NOT GWEN OVertical
SHELL GEOMETRY (Complete Sketch Below) TUBE GEOMETRY
Inside Diameter, ma-(in.) 10,126 Outside Diameter, m (in.) 0.615
Wall Thickness,#m (in)_______ Material Wall Thickness, sm (in.)_0.065_ Material ___[(.Q_C_U_Ni_
Inlet Nozzle. ID, s (in) O _ Tube Lengths .
Outlet Nozzle ID, mam (in.) > " Straight Tube, Inside Tubesheets, #m (m.)J_L__.
Impingement Protection ENo O Yes U-Tube, Tubesheet to Bend Tangent, mm-(in.) __—
(Describe) — Tube Pitch, am (in.) oaso
Annular Distributor R/ No OYes . Layout (Please Circle)

Open Cut Area mm? (in.?)
Nozzle-to-First Tube Row Distance, mm-(in.)

CROSS BAFFLE GEOMETRY

Type XX Segmental; O Double-Segmental O Disc/Doughnut |

O Triple-Segmental; O No-Tubes-in-Window

Baffle Cut, % Shell Diameter
Cut Orientation Relative to Axis of Inlet Nozzle

Inlet Baffle O Perpendicular O Parallel J{45°

Central Baffles O Perpendicular O Parallel R(45°

Baffle Thickness, #am (in. )_Q}_—Material - 7
Diametral Clearances Shell-to-baffle, ms (in. ) 0,090

’

Flow ‘—-—306 b) 452 69: ggim

No. of Tubes__1% ___ No. of Tubepasses Y

First Tubepass O Countercurrent 0 Cocurrent
Tube-to-Tubesheet Joint S

O Welded O Roller Expanded 0 Other V0T _GWEWX
If U-Tube '

a——

Maximum Bend Radius, mm (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel A
If Bend Supported, Describe in Comments Below
If Finned Tubes

Fins/m (Fins/in.) _ Fin Material
Tube-to-baffle sm (in. )___:_3_ -" Diameter, mm (in.), Root _=__ Over Fins
Bundle-to-shell, mns (m.)_l;fa_ﬁé_ If Enhanced Surface Tubes -
Number of Baffles Along Length of Shell - 6 (Describe) h——
Daffle Spacing, sk (in.) Cential to DETUNING B FF;.E
inlet O Outlet 1O AFFL _ —
Unsupported Tube Span Lengths, sasa-(in.) . If Detuning Baffle Used to Control Acoustic’
Longest _2o0 Inlet _ 20 __Outlet 20 Vibration, Indicate Position on Sketch Below
COMMENTS AND SKETCH *

Complete sketches by drawing In tubeside and sheliside nozzlés.
Indicate Inlet nozzles with an arrow.

¢

Fixeda 1upesnest

El"il

‘Indicate top of exchanger as mounted

f

< =D

by filting in approprtate arrow.

2-16

Show sheliside Inlet nozzle locatlon, baffle cut
orlentation, and impingement devices.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned
Case No.

104

Reference Condition A

Reference Condition B -

Tubeside

Shellside

Tubeside

Shellside

-

Flow Rate, kgh (10°Ib/hr)

10476

Inlet Temperature,<€ (F)

163,7

530

Outlet Temperature,€ (F)

\70.6

250

Inlet Pressure, P (psia) Absolute

1)

Measured AP, ¥Pa (psi) o

Inlet Weight Fraction Vapor

Outlet Weight Fraction Vapor

\‘o
{.0

Vibration Observed

ONo

K Yes

ONo

OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

WATER

AR -

Reference Temperature. C (F)

I

|

Liquid Properties at Reference
Temperatures

Density, kg/m?® (Ib/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m+-C (Btu/m ft F) -

=
T~

Heat Capacity, kJ/kg-C (Btu/m ft F)

Vapor or Gas Properties at
Reference Temperatures

Density, kg/m® {b/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m+C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btuflb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

if Boiling or Condensing

Latent Heat, kJ/kg (Btu/lb)




. DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

i Page 4
Assigned -
Case No. 104
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kegfs (10 Ib/hr) | . 10,476
If Known, Crossflow Velocity at baffle tip, sa/s (ft/sec)*
Crossflow Velocity at centerline, mfs (ft/sec)*® 2.9
Velocity Through Window in Baffle,-m/s (ft/sec)* 29 )
Inlet Nozzle Velocity, mfs (ft/sec)* A
OQutlet Nozzle Velocity +efe (ft/sec)*. )
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz :
Noise Sound Level, 8% Noise Notep
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources " ONo OYes N Possig e
: Source Frequency, Hz . pm
O Machinery ’ O Piping
O Cavitation - i O Pulsating Flow
Damage Noted 0O No
R Yes Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact X Cutting at Baffle O Near Tubesheet
{4 Tubeé-to-Shell impact U Tubesheet Joint Leaking Q Fatigue
Wear O One Side of Tubes Only 0 Parallel to Flow 0O Normal to Elow
Q All Araund Tnhe Cirenmference )
0O Corresion Evident O Fouling Evident
T ) { € 0

O General Description-of Damage

CUOTTING AT EACH BAFECLE

Exchanger Operation History

¢ How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up - O Plant-Upset O Shutdown

Describe

9 1l Vibration Remedy Applied, Describe and Indicate Results:

TUBE BUNDLE DAMAGE SKETCH




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM '

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been
reviewed to ensure that they do not include any propietary information.
This is a replacement for the original page 1 that provides space for
additional comments, drawings, photographs, etc.

Page 1

Assigned

Case No. 105

Summary

is limited to that presented on data form.

This 57-in. diameter by 12-ft long AET TEMA style heat exchanger
with segmental baffles had acetylene on the shellside and water
on the tubeside. Thé tube span for baffle window tubes at the
inlet and the outlet greatly exceeded the TEMA Standards for
maximum spans for 1l-in. carbon steel tubes.
case no vibration was noted for the given flow rates. Information

However, for this

2-19




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2

Assigned
Case No.

105

Type ﬂTEMA Exchanger  Designation

Shell Orientation J& Horizontal

AET
(Describe)

O Vertical

O Special Exchanger

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, s (in.) 1.3
Wall Thickness, ser(in.)_____ Material
Inlet Nozzle ID, sm-(in.)__22.8

Outlet Nozzle ID, mem (in.) _ 2L B

Impingement Protection  fANo DO Yes
{(Describe)
Annular Distributor MNo OYoo

Open Cut Area mm? (in.2)
Nozzle-to-First Tube Row Distance, sam (in.) ﬂﬂ {

* CROSS BAFFLE GEOMETRY

Type M Segmental; O Double-Segmental O Disc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter 4y
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular (X Parallel 045°
Central Baffles DPerpendicular R Parallel O45°

Baffle Thickness, mar (in.) 2.2 0.615 Material

Diametral Clearances Shell-to-baffle, s (in)__0.27
Tube-to-baffle mar(in)____0.04 02
‘Bundle-to-shell, mm-(in.)__ 214

.If Enhanced Suiface Tubes

Outside Diameter, s (in.) __0.43%
Wall Thickness, s (in.) 0.0 Material _CS
Tube Lengths
Straight Tube, Inside Tubesheets, s (in.)_?_ﬂ&_
U-Tube, Tubesheet to Bend Tangent, msa-(in.)

Tube Pitch, mm (in.) (26
Layout (Please Circle)

Flow 30U b" 45“‘@’ @_9.
No. of Tubes 288 120% No. uf Tubepasses A
First Tubeﬁass ¥ Countercurrent
Tube-to-Tubesheet Joint

JRWelded 0O Roller Expanded O Other
If U-Tube

Maximum Bend Radius, ms-(in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes

Finsfm (Finsfin.) _—____ Fin Material

Diameter,mny (in.), Root =__ Over Fins

N

0 Cocurrent

—

(Describe)

DETUNING BAFFLE

Number of Baffles Along Length of Shell G
Baffle Spacing, wwa (iit.) Central __ 34.1,S
Inlet _95.5 _ Outlet 40.56
Unsupported Tube Span Lengths, msa (in.)
Longest 9019 mlet 9015 Outtet _15.21

If Detuning Baffle Uséd to Control Acoustic

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozzles.
ingicate inlet nozzles with an arrow.

. ‘l

e F)xed Tubesheét

1r
*
f

<= =D

Indicate top of exchanger as mounted
by filting in appropriate arrow.

2-20

Show sheliside Inlet nozzie location, batfie cut
orientation, and Impingement devices,
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned

Case No. 105

Reference Condition A

Reference Condition B

Tubeside

Shellside

Tubeside Shellside .

Flow Rate, kafs (10°Ib/hr)

3351

Inlet Temperature,(F)

‘:q.q7

20}

Outlet Temperature,G(F)

10.Y_

Be

Inlet Pressure, }ePe (psia) Absolute

65

211

Measured AP,dRe<(psi)

Inlet Weight Fraction Vapor

o

1.0

Outlet Weight Fraction Vapor

0

LO

Vibration Observed

ENo

OYes

ONo OYes -

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

WATE R

CoHz,

Reference Temperature €(F)

l

Li(iuid Properties at Reference
Temperatures

20i | %6

Density, ketm? (Ib/ft?)

Viscosity, mPass (cP)

Thermal Conductivity /W/m-€-(Btu/m ft F)

Heat Capacity, kd#eg~6 (Btu/m ft F)

- Vapo;' or Gas Properties at !
Reference Temperatures

Density, kgfem> (1b/ft3)

lle

Viscosity, mPa+s (cP)

. 0.\27

Thermal Conductivity, W¢m=€ (Btu/hr ft F)

Heat Capacity, k3fkg~€ (Btu/lb F)

Fluid Molecular Weight, kgfmol (Ib/mole)

1{ Boiling or Condensing

N
N
>
—
e

/
<
\
AN

Latent Heat, k3fkg<{Btu/Ib)

L~

AN

2-21



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned
Case No. 105

VIBRATION AND DAMAGE DESCRIPTION No VIBRATION NoOTED
When Vibration Present, Shellside Flow Rate, kg/s (10® Ib/hr)
If Known, Crossflow Velocity at baffle tip,'m/s (ft/sec)*

Crossflow Velocity at centerline, m/s (ft/sec)®

Velocity Through Window in Baffle, m/s (ft/sec)®

Inlet Nozzle Velocity, m/s (ft/sec)*

Outlet Nozzle Velocity, m/s (ft/sec)®

Measured Natural Frequency, Hz

Measured Acoustic Frequencies, Hz

Noise Sound Level, db-

| * Please describe how velocities wete caiculated or estimated.
Vibration Caused by External Sources ONo . OYes
' Source Frequency, Hz rpm
O Machinery O Piping
O Cavitation O Pulsating Flow
Damage Noted O No } ‘
’ O Yes- Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact o Cutting at Baffle D Near Tubesheet
O Tube-to-Shell Impact O Tubesheet Joint Leaking |[fJ Fatigue
Wear O One Side of Tubes Only "o Pe;ralle] to Flow 0O Normal to Flow,

O All Around Tube Circumference .
O Corrosion Evident Q Fouling Evident

O General Description of Damage _

Exchanger Operation History

® How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibrétion as a Consequence of
O Start-up 0 Plant-Upset O Shutdown

Describe

o If Vibration Remedy Applied, Describe andIndicate Results:

‘TUBE BUNDLE DAMAGE SKETCH

3
I
)

—-— Y
S’

>

“r
AN
\

il

2-2




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATAFORM .~ Pagel

[

To protect the identity of the organization submitting this case, HTRI has ! B
assigned a case number. Additionally the data on pages 2, 3, and 4 have been | Assigned
reviewed to ensure that they do not include any propietary information. ~ | Case No.
This is a replacement for the original page 1 that provides space for ’
additional comments, drawings, photographs, etc.

106

Summary . T .

This 57-in. diameter by 12-ft long AET TEMA style heat exchanger
with segmental baffles had acetylene on the shellside and water '
on the tubeside. The tubespan for the baffle window tubes at the
inlet and outlet were nearly the limit specified in the TEMA
Standards for l-in. carbon -steel tubes. Flow-induced tube vibra-
tion is indicated as the cause for tube damage near the tubesheet.
Information is limited to that presented on the data form. '

2-23



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM * Page2

~

Assigned
Case No. 106

Type RTEMA Exchanger Designation AET

Shell Orientation X Horizontal

O Special Exchanger (Describe)

0 Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter,m# (in.) __S51.%
Wall Thickness,sm (in.)______ Material
Inlet Nozzle ID, mm (in.)___A%.%
Outlet Nozzle ID, me (in.) _22.%

Impingement Protection BNo O Yes
(Describe) -

Annular Distributor ENo 0OYes
Open Cut Area ma? (in.?)___ —

Nozzle-to-First Tube Row Distance, mm-(in.) _1.87
CROSS BAFFLE GEOMETRY '

Type X Segmental; O Double-Segmental O Disc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter 44
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle B Perpendicular O Parallel O45°
Central Baffles JX{ Perpendicular O Parallel Q45°

. Baffle Thickness, msa (in. )__c_(n}_ Material _____
Dxametral Clearances Shell-to-baffle, s (in. )_QZ-,__.
Tube-to-baffle ma (in. )__oﬂ-__.

Bundle-to-shell, msm (in.)_ 314

Number of Baffles Along Length of Shell 3
Baffle Spacing, mm (in.) Central _3%4.49
Inlet _40.\ Outlet _ 34:3Y

Outside Diameter,m (in.) 0.9 g%
Wall Thickness, s (in.).4.078 7Y Material _LQ_____
Tube Lengths
Straight Tube, Inside Tubesheets, sam (in.) 143, H _
U-Tube, Tubesheet to Bend Tangent, s (in.) _——

Tube Pitch, sww(in.) | 16
Layout (Please Circle)

Flow ig.;b 450

wu

No. of Tubes _‘9_03___ No. of 'I\lhep.asses _,__'1,_.___.

First Tubepass O Countercurrent O Cocurrent
Tubc-to-Tubesheet Joint

X Welded 'O Roller Expanded O Other
If U-Tube

Maximum Bend Radius, mmr(in.) —
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below,
If Finned Tubes

Eiasfm (Finsfin.) _—____ Fin Maten'al
Diameter, s (in.), Root Over Fins __
If Enhanced Surface Tubes _

(Describe)

DETUNING BAFFLE -

Unsupported Tube Span Lengths,sm (in.)

Longest_14.( Inlet 14.6o Outlet _£%.87

If Detuning Baffle Used to Control Acoustic

" Vibration, Indicate Position on Sketch Below -

COMMENTS AND SKETCH'

Complete sketches by dra;ﬂlng in tubeside and sheliside nozzies.

Indicate Iinlet nozzies with an arrow.

RA

T1

———Fixed Tubesheet

t Indicate top of exchanger as mounted
<= =D ‘

by filling in appropriate arrow.

2=-24

Show sheliside inlet nozzie location, baffie cut
orientation, and impingement devices,

4




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assignéd
Case No.

106

Reference Condition A

Reference Condition B

Tubeside

Shellside

'l:ubaide

Shellside

Flow Rate, &sfs (10°Ib/hr) -

yoS

Inlet Temperature,€ (F)

101

Outlet Temperature, € (F)

20

Inlet Pressure, JeRa (psia) Absolute

Measured AP, }ePa(psi)

217

Inlet Weight Fraction Vapor

1.0

Outlet Weight Fraction Vapor

\.0

Vibration Observed

O No

HYes

ONo

OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside .

Fluid Name

WATER

Cq Hy

Reference Temperature . €-(F)

201

l

Liquid Properties at Reference
Temperatures

Density, kafm? (1b/ft?)

Viscosity -mPas- (cP)

Thermal Conductivity, W/m-C- (Btu/m ft F)

Heat Capacity k¥fkg-€ (Btu/m ft F)

Vapor or Gas Properties at
Reference Temperatures

Density, kefm3 (Ib/ft)

ViscositysmPa-s-(cP) -

0.012.7

Thermal Conductivity, Wem=GC (Btu/hr ft F)

Heat Capacity, kJfkg~6 (Btu/lb F)

Fluid Molecular Weight, legfmol(lb/mole)

Ii Boiling or Condensing

N d
7
K
N
f N\

Latent Heat, k¥fkg (Btu/lb)

L~

2=25
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned :
Case No. ___ 106
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate,kg/s.(103 1b/hr) Yos -
If Known, Crossflow Velocity at baffle tip, mfs (ft/sec)* L
Crossflow Velocity at centerline, mfs (ft/sec)®
Velocity Through Window in Baffle,mys (ft/sec)*
Inlet Nozzle Velocity,#afs (ft/sec)*
Outlet Nozzle Velocity, s (ft/sec)*
Measured Natural Frequency, Hz *
Measurcd Acoustic Frequencies, Hz
‘Noise Sound Level,db .
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources ONo OYes
Source Frequency, Hz pPm
0O Machinery ' O Piping
O Cavitation O Pulsating Flow
Damage Noted O No
‘ ﬁY.es Complete sketch at bottom of page indicating lo_catibn in bundle
Type D Tube-to-Tube Impact O Cutting at Bafﬁe ‘ ¥ Near Tubesheet
O Tubc-to-Shell Impact . @ Tubeshest Joint Leaking 0 Fatigne
Wear - O One Side of Tubes Only O Parallel to Flow O Normal to Flow
O All Around Tube Circumference '
O Corrosion Evident " O Fouling Evident

O General Description of Damage .

Exchanger Operation History

® - How Long on Stream Before Damage Occurred?

®.  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up . O Plant-Upset * O Shutdown

Describe i !

s If Vibration Reinedy Applied, Describe and Indicate Regnlts:

TUBE BUNDLE DAMAGE SKETCH

2-26




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 1

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned 1 0'7
reviewed to ensure that they do not include any propietary information. : Case No.

This is a replacement for the original page 1 that provides space for

additional comments, drawings, photographs, etc.

Summary

This 37-in. diameter by 40-ft long CEM TEMA style heat exchanger
is one of two in series- joined by welding their shells together.
The tubeside fluid, natural gas with ethylene glycol to prevent
hydration, passes from the one exchanger to the next without
external piping. The shellside fluid, natural gas, flows
counter current and between shells through external piping.\
Both exchangers were identical on the shell side and both
experienced similar tube damage in the same locations of the
eichanger. Most of the damage was noted after‘operating the

- plant at more than 40 percent higher than the designed shellside
flow. Leaking tubes were plugged. During a subsequent overhaul
of the bundles, the leaking tubes were found to be "broken on
side. near the nozzles." It is interesting to note that the
damaged tubes were not those with the longeSt span at the inlet
end zone. :

For this case, there are construction drawings and a field report
describing the operation history and the repairs made to the
exchanger. ‘ '

2-27".




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM A Page 2
Assigned
Case No. ___107
Type JX TEMA Exchanger Designation CEM fIXEQ TUBESHEET Shell Orientation & Horizontal
O Special Exchanger  (Describe) D Vertical
SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter,+mm (in.) 37
Wall Thickness, s (in)_ 1.2 Material__CS
Inlet Nozzle ID, sm.(in.)___ G :

. Outlet Nozzle ID, w (in.) A

Impingement Protectlon DNo JYes
(Describe) _CIRCULAR  VLATE

Annular Distributor W No - OYes 1
Open Cut Area mm® (in.2) -_

Nozzle-to-First 'I’ube Row Distance, sm (in.) (g A28

16,5 "00

CROSS BAFFLE GF.OMETRY

O Segmental; JX Double-Segmental O Disc/Doughnut

a Tnple Segmental; O No-Tubes-in- Window
Baffle Cut, % Shell Diameter 303 (| "TobE ‘OVERLAR)
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular B Parallel 045°
Central Baffles O Perpendicular [XParallel 045°

Baffle Thickness, saa (in.) 22082 0.615 Material __CS

Diametral Clearances Shell-to-baffle s (in.) _Q.\& > 0.\B1%
Tube-to-baffle smr(in. )___O_Q\_'?_Q_
Bundle-to-shell, ma (in )___':__0_0_

Type

Number of Baffles Along Length of Shell ___{ (&
Baffle Spucing, s (111.) Cenlial 11.%
inlet _ 20, % Outlet %0,6

Outside Diameter,sam (in.) 0250
Wall Thickness, sm (in.)_2.065 | 0065 Matenal s
Tube Lengths

Straight Tube, Inside Tubesheets, e (in. )_"L(:L_L___

U-Tube, Tubesheet to Bend Tangent, sam-(in.)

Tube Pitch, mm (in.) 093215
el

Layout (Please Circle) _
T e g
Mo. of Tubes U3 ... No. of Tubepasses .._
First Tubepass Y Countercurrent 0O Cocun'ent '
Tube-to-Tubesheet Joint  Npo7 G\WEN
0O Welded 0O Roller Expanded O Other
If U-Tube
Maximum Bend Radius, mm (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes .o ‘
Eipsfm (Fins/in.) __—____ Fin Material
Diameter,+as-(in.), Root _——_ Over Fins __
If Enhanced Surface Tubes ——

(Describe)

—_—

DETUNING BAFFLE

Unsupported Tube Span Lengths, s (in.)
Longest 21 Inlet 19 Qutlet _& 1.9

If Detuning Baffle Used to Control Acoustic

Vibration, Indicate Position on Sketch .Belpw

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozzles.
Ingicate inlet nozzles with an arrow.

Fiaey Tubcshoat

t

<= =D

indicate top of exchanger as mounted
by filling in appropriate arrow.

Show sheliside Inlet nozzle iocatlon, batfie cut
orientation, and impingement devices.

v
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 3

Assigned
Case No.

107

PROCESS CONDITIONS

Reference Condition A Reference Condition B

Tubeside Shellside Tubeside Shellside

Flow Rate, kgfs (10°1b/hr) : 3415 2\0
Inlet Temperature,€ (F) (A} -1% 86 =29
Outlet Temperature,&-(F) 12C 57 7¢ 20
Inlet Pressure, &Pa (psia) Absolute 10SS loyc 10-50 oY
Measured AP, kPa (psi) 10 10 =3 B
Inlet Weight Fraction Vapor 1.0 1.0 .0 | 10)
Outlet Weight Fraction Vapor .0 1.0 Lo €10)
Vibration Observed ONo W Yes ENo QOYes
FLUID PHYSICAL PROPERTIES
Fill In All Applicable Entries Tubeside ' Shellside”

Fluid Name

Natuad e Gas + Glreol

Natveac Gas

Reference Temperature . C (F)

L

Liquid Properties at Reference
Temperatures

Density, kg/m> (Ib/ft?)

Viscosity, mPa*s (cP)

_—

Thermal Conductivity, W/m+-C (Btu/m ft F)

Heat Capacity, kJ/kg-C (Btu/m ft F)

/
T~

Vapor or Gas Properties at
Reference Temperatures

Density, kg/m3 (Ib/ft®)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m-C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btu/lb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

" If Boiling or Condensing

Latent Heat, kJ/kg (Btu/Ib)

2-29
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATI‘ON DATA FORM - _
. ' . Page 4

Assigned
Case No. _ 107

VIBRATION AND DAMAGE DESCRIPTION

When Vibration Present, Shellside Flow Rate, leak (103 1b/hr) 14| S

If Known, Crossflow Velocity at baffle tip, sfe-(ft/sec)*

. ‘Crossflow Velocity at centerline, mrfs (ft/sec)*

Velocity Through Window in Baffle, m/s (ft/sec)*

. Inlet Nozzle Velocity, mfs (ft/sec)*

Outlet Nozzle Velocity, sfs (ft/sec)® -

Measured Natural Frequency, Hz

Measured Acoustic Frequencies, Hz

Noise Sound Level, db

* Please describe how velocities were calculated or estimated.

Vibration Caused by External Sources JNo OYes .
* Source Frequency, Hz rpm
O Machinery ) O Piping
7 O Cavitation ’ O Pulsating Flow
Damage Noted 0 No . - . ‘ -
,Eers . Complete sketch at bottom of page indicating location in bundle
Type o Tube-to-Tube Impact O Cutting at Baffle DO Near Tubesheet
O Tube-to-Shell Impact | O Tubesheet Joint Leaking O Fatigue
Wear O One Side of Tubes Only O Parallel to Flow - ) O Normal to Flow
O All Around Tube Circumterence
Q Corrosion Evident 0O Fouling Cvident , _ W B ]
N . C_ '’ - -~
JA General Description of Damage Blorem UBES 0N SIDE OF _

VYUNDLE NEAW NO2LES

Exchanger Operation History

®  How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up O Plant-Upset 0 Shutdown

Describe
#  If Vihration Remedy Applied, Describe and Indicate Results:

TURE BUNDLE DAMAGE SKETCH

BRCKEN
TUBES

-
.
=
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 1

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been
reviewed to ensure that they do not include any propietary information.
This is a replacement for the original page 1 that provides space for
additional comments, drawings, photographs, etc.

Assigned

Case No. 108

Summary

ported.

repairs made to the exchanger.

OUTSIDE FACE OF TUBE SHEET

This 44-~in. diameter by 40-ft long CEM TEMA style heat exchanger

is one of three that are joined tubesheet to tubesheet so that

in effect the tubes are 120 ft long. The tubeside flow is natural
gas with glycol to prevent hydration while the shellside flow is
.counter current and passes between shells through external piping.
The bundle uses triple-segmental baffles so the shellside flow is
primarily axial. The tube spans are longer than TEMA Standards
maximum spans for 3/4-in. carbon steel. The heat exchanger operated
successfully for one and a half yeérs at the design conditions. '
Héwever, tubes began leaking where they were joined to the tubesheet
in all three exchangers when the shellside flow rate was sub- ’
stantially increased beyond that used for design. The sketch.

below indicates the location of, these failures. The failed tubes
_were characterized by particularly 16ng spans in the outlet end
zones. Minor cutting of the tubes at the baffles was also re-

For this case, there are construction drawings and a field report
describing the operating history, the damage noted, and the

TUBE SHEET
re

B

3/32" _POINT OF FAILUR
et Suq URES

178" o le-
4"

HAND REAMED ONLY
TO REMOVE SHARP
CORNER.

‘.
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,DOE]ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA lfORM

Page 2

Assigned

Case No. 108

Type ﬂTEMA Exchanger  Designation

Shell Orientation B Horizontal

O Special Exchanger  (Describe)

CEM (FIxED TUBESHEET)

D Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, ##m (in.) Yy _
Wall Thickness, sam (in.)____ Material__CS
Inlet Nozzle ID, mm-(in.) \1.9 -
Outlet Nozzle ID, s (in.) . C
Impingement Protection R No DOYes

(Describe) R
Annular Distributor KiNo OYes

Open Cut Area smm? (in.?)
" Nozzle-to-First Tube Row Distance, mm (in.)__m____

CROSS BAFFLE GEOMETRY

Type O Segmental; O Double-Segmental O Disc/Doughnut

ﬁTriple-Segmenta]; 0 No-Tubes-in-Window
Baffle Cut, % Shell Diameter iy
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular [ Parallel O45°
Central Baffles O Perpéndicular & Parallel 045°

Baffle Thickness,mm(in.)MMaterial _Cts
Diametral Clearances Shell-to-baffle, m# (in.) _Q.239
Tube-to-baffle s (in.)___ .01y
Bundle-to-shell, s (in.)__0.632,

. First Tubepass

[ If Enhanced Surface Tubes

Outside Diameter, mm (in.) __ 0750
Wall Thickness, s (in. ) 0.060 Material S
Tube Lengths

Straight Tube, Inside Tubesheets, s (in. )__‘ﬂz_(hlz_

U-Tube, Tubesheet to Bend Tangent, mer (in.) _——

Tube Pitch, s (in.) 0. Q‘5'75
Layout (Please Circle)

Pow 202 $50 4502 m

No. of Tubes__ 210 No. of Tubepasses— | _
A Countercurrent 0 Cocurrent
Tube-to-Tubesheet Joint

O Welded P Roller Expanded 0O Other
If U-Tube

Maximum Bend Radius, s (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
0O Perpendicular O Paraliel
If Bend Supported, Describe in Comments Below
If Finned Tubes .

Eiasdm (Fins/in.) . _ Fin Material

Diameter, sam<(in.), Root _~

Uver Fins _—

(Describe)

' DETUNING DAFFLE

Number of Baffles Along Length of Shell 22
Batfle Spacing, #m (in.) Central 12 Y
inlet __Y40.6) Outlet 40,63

Unsupported Tube Span Lengths, mes (in.)
Longest_17.6% Inlet 1162 Outlet __11.63

If Detuning Baffle Used to Control Acoustic

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Compiete sketches by drawlng in tubeslde and sheliside nozzles

. Indicate Iniet nozzies with an arrow.

~1
o{’+ LonG Y
SUELL A , :/
—4{> Fixed Tubosheet ' F\XED \:
t TUBE- N/
‘ oHeet

GRELL B '

t

= =D

Indicate top of exchanger as mounted

by filling In appropriate arrow.

3 GHEWS IN SERES
Vo4 lonc, {ubes

Show sheliside Inlet nozzle tocation, baffie cut
orientation, and impingement devices.

*.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page3 .

Assigned
CaseNo._ 108
PROCESS CONDITIONS
Reference Condition A Reference Condition B
Tubeside Shellside Tubeside Shellside
Flow Rate, kgfs (10°Ib/hr) 320
Inlet Temperature, €(F) / Teain o - \ | 8Y/54/2> | —28 /14/48
Outlet Temperature, €(F) |3 _n_S€Rizs /| $4/23/-11 | 14743415
Inlet Pressure, 4ePa (psia) Absolute f 25 Q96
Measured AP, kPa (psi)
Inlet Weight Fraction Vapor ¢ ) (.0
Outlet Weight Fraction Vapor 1.0 1.0
Vibration Observed ONo @&Yes ONo OYes
FLUID PHYSICAL PROPERTIES
Fill In All Applicable Entries Tubeside ' Shellside
Fluid Name NAT'L GAS + GLYCOL NATC GAS
Reference Temperature € (F) gc{ ] - ( -2¢ ] 2 5
Liqhid Properties at Reference - .
Temperatures
Density, kg/m® (Ib/ft3)
Viscosity, mPa*s (cP) ,
Thermal Conductivity, W/m+C (Btu/m ft F) | T~_ T~
Heat Capacity, kJ/kg-C (Btu/m ft F) / \
Vapor or Gas Properties at
Reference Temperatures
Density, kb (Ib/ft?) 7.79 2.86 3.87 262

Viscosity, mPa+s (cP)

Thermal Conductivity, Wm~& (Btu/hr ft F)

Heat Capacity, k3 fleg—€ (Btu/lb F)

Fluid Molecular Weight, kg/mel (Ib/mole)

¥ Boiling or Condensing

Latent Heat, 4&3fkg(Btu/lb) V l
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
' ’ Assigned .
’ . Case No. _ 108
. VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kgfs (10> Ib/hr) 270
If Known, Crossflow Velocity at baffle tip, s/ (ft/sec)* .
Crossflow Velocity at centerline, s (ft/sec)®
Velocity Through Window in Baffle, mrfs (ft/sec)*
- Inlet Nozzle Velocity, sfs- (ft/sec)*
" Outlet Nozzle Velocity nfs (ft/sec)*
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db
* Please describe how velacities were calculated or estimated.
Vibration Caused by External Sources ' KHNo OYes .
Source Frequency, Hz rpm
O Machinery O Piping
O Cavitation . ’ O Pulsating Flow
- Damage Noted 0 No )
K Yes Complete sketch at bottom of page indicating location in bundle
' Type = Tube-to-Tube Impact E’Cuttmg at Baffle (MINOK) 0O Near Tubesheet
0O Tube-to-Shell Irripact ’ ¥ Tubesheet Joint Leaking O Fatigue
Wear O One Side of Tubes Only O Parallel to Flow 0O Normal to Flow
O All Around Tube Circumference : '
X Corrosion Evident . o Poulmg bwdent

O General Description of Damage

\NTO TUBRESHEE TS

Exchanger Operation History
v | '
Lz Yeaes

e  How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up O Plant-Upset O Shutdown

Describe . INCREAMAED  FlLowRATE  Bevodd Design)

® If Vibration Remedy Applied, Describe and Indicate Resulte ______ ’ —

TUBE BUNDLE DAMAGE SKETCH :
WHERE SURE
// ROLLED W Tuga AdEa OF

TUBE
TALURE

M0oST FAILURES N SHEWS A AwD B
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA F ORM © Pagel

To protect the identity of the organization submitting this case, HTRI has -
assigned a case number. Additionally the data on pages 2, 3, and 4 have been
reviewed to ensure that they do not include any propietary information.

This is a replacement for the original page 1 that provides space for

additional comments, drawings, photographs, etc.

Assigned

Case No. 109

Summary

side flow bypassing at the top of the bundle.

3/4-in. carbon steel tubes.

This 53-in. diameter by 40-ft long CEM TEMA style heat exchanger
is one of two in series that share a common shell. There is
natural gés with glycol to prevent hydration on the tube side.
Between exchangers the tubeside flow passes through an open
shell section about 4 ft long before entering the tubes of the
downstream exchanger. The shellside fluid is natural gas
flowing counter current and piped externally between shells.

The bundle has. double-segmented baffles and is flat on top to

a depth of 8-1/2 in. A round impingement plate the same diameter
as the inlet nozzle ID is 8-1/2 in. below the nozzle. A unique
feature is a flat plate seal welded to the shell to block shell-

The maximum span

lengths are less than the TEMA Standards maximum 1engths. for

No tube vibration has been noted in this unit even when operated
at greater than 20 percent over the designed shellside flow rate.
For this case, there are construction drawings and a short field
report of the operating history of thg exchahger tr;ain.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM . Page 2

Assigned

Case No. 109

Shell Orientation M Horizontal

Type ﬂ TEMA Exchanger  Designation CEM
O Special Exchanger  (Describe)

(@] Yertica.l

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, s (in.) 53
Wall Thickness, s (in.) _1e {2 ) Matenal —_rts
Inlet Nozzle ID, s (in.) 70
Outlet Nozzle ID, mm (in.) 20

Impingement Protection ONo KYes

(Describe). 201n. OO0 BY 2/%in,

Annular Distributor KNo OYes
Open Cut Area mm® (in.2) -
Nozzle-to-First Tube Row Distance, s (in.) 2. 125

CROSS BAFFLE GEOMETRY

Type O Segmental; M{Double-Segmental O Disc/Doughnut
. O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter ____20.7]
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular B Parallel O45°
Central Baffles O Perpendicular X{Parallel 345° .

Baffle Thickness, iaa(in.)_o-_czf Material _CS
Diametral Clearances Shell-to-baffle-msm (in.)__oo_ZZi_
Tube-to-baffle mm (in.) __0.0(5¢,
Bundle-to-shell, s (in.)__ QO - 62S

Number of Baffles Along Length of Shell 1)

Outside Diameter, s (in.) __O. 7S¢
Wall Thickness, s (in.)_0:06S  Material _LS__,__
Tube Lengths
Straight Tube, Inside Tubesheets, mm (in. ).ﬂ&ﬁ_
U-Tube, Tubesheet to Bend Tangent, s (in.)

Tube Pitch, mm (in.)__ .oo

Layout (Please Circle)
Fow 302 b) % .o oom
No. of Tubes L2220 No. of Tubepasses __l____

First Tubepass X Countercurrent €1 Cocurrent
Tube-to-Tubesheet Joint ‘
O Welded O Roller Expanded O Other NOT GIEQN
If U-Tube C
Maximum Bend Radius, ser (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle )
O Perpendicular O Parallel .

———

" If Bend Supported, Describe in Comments Below

Baffle Spacing, mm (in.)____ Central ' Zq_..;

If Finned Tubes .
Einsfm (Fins/in.) __—_____ Fin Material
~ Diameter, s (in.), Root —__ Over Fins
If Enhanced Surface Tubes _—
(Describe) —
DETUNING BAFFLE

inlet _32.75S_ Outlet 2225

Unsupported Tube Span I_cngths ma (in.)

Longest _62.25 Inlet 62.250utlet ___62.2S

If Detuning Baffle Used to Control Acoustic

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozzles.

Ingicate inlet nozzles with an arrow. m

iy g

Fixed Tubesheet

TRAW OF Two Shews 10 VARALLEL

t Two PARALLEL TRAINS

fndicate top of exchanger as mounted
= =D

by filting in approprlate arrow. 2 36

N
Show shellside inlet nozzle location, baffie cut

orientation, and impingement devices.

- ]
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DOE/ANL/HTRi HEAT EXCHANGER TUBE VIBRATION DATA FORM

'PROCESS CONDITIONS

Page 3

Assigned
Case No.

109 _ h

. By

Reference Condition A

Reference Condition B

Tubeside

Shellside

Tubeside

Shellside

_Flow Rate, kgfs (10%1b/hr)

554

Inlet Temperature, €(F)

xS

=30

_ Outlet Temperature, €(F)

-5

Yo

Inlet Pressure, deRe- (psia) Absolute

_ £9%

690

Measured AP, kPa (psi)

35

1

Inlet Weight Fraction Vapor

l.o

“O

Outlet Weight Fraction Vapor

1.o

L0

Vibration Observed

R’No OYes

ONo

OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

NATURAL CAs+ GuLYcoL

NATURA L

GAsl

Reference Temperature £(F)

-5

- =30

[ “/c\

Liquid Properties at Reference
Temperatures

I

Density, kg/m?® (Ib/ft?)

/

Viscosity, mPa*s (cP)

Thermal Conductivity, W/m-C (Btu/m ft F)

/
_— '
\

Heat Capacity,kJ/kg:C (Btu/m ft F)

/
— :

Vapor or Gas Properties at
Reference Temperatures

Density, kg&a> (Ib/ft>)

Viscosity ,anPas- (cP)

2.0

1.Y0

RS

Thermal Conductivity, Wm—€ (Btu/hr ft F)

Heat Capacity, k¥fkg-€- (Btu/lb F)

Fluid Molecular Weight, kg/mal (Ib/mole)

If Boiling or Condensing

Latent Heat, }3feg (Btu/lb)
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page4

Assigned
’ Case No. 109
No \\GRATION OBSERVED

VIBRATION AND DAMAGE DESCRIPTION o . {
When Vibration Present, Shellside Flow Rate, kg/s (103 1b/hr)
If Known, Crossflow Velocity at baffle tip, m/s (ft/sec)*

Crossflow Velocity at centerline, m/s (ft/sec)*

* Velocity Through Window in Baffle, m/s (ft/sec)*

Inlet Nozzle Velocity, m/s (ft/sec)®

Outlet Nozzle Velocity, m/s (ft/sec)*

Measured Natural Frequency, Hz

Measured Acoustic Frequencies, Hz

Noise Sound Level, db -
*Please describe how velocities were calculated or estimated.-
Vibration Caused by _E,xté_mgl, Sources . , ONo DOYes ‘

’ Source Frequency, Hz pm
O Machinery O Piping
O Cavitation ’ O Pulsating Flow

Damage Noted Qa No . _ .

’ O Yes Complete sketch at bottom of page indicating location in bundle

Type . O Tube-to-Tube Impact O Cutting at Baffle - O Near Tubesheet N
D Tube-to-Shell Impact D Tubesheet Joint Leaking 0O Fatigue
Wear O One Side of Tubes Only - O Parallel to Flow O Normal to Flow -

D All Around Tube Circumterence .
O Corrosion Evident U Fouling Evident

O General Description of Damage

Exchanger Operation History

e How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
QO Start-up O Plant-Upset 0O Shutdown

Describe

e  If Vibration Remedy Applied, Describe and Indicate Results: = _ .. __ . __ "~

TUBE BUNDLE DAMAGE SKETCH

r

T
7/

/

/

<=
p 4

h_,
S’

\ N
\,
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM © Pagel

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned
reviewed to ensure that they do not include any propietary information. Case No. .
This is a replacement for the original page 1 that provides space for
 additional comments, drawings, photographs, etc. '

Summary

This 45-in. diameter by 40-ft long CEM TEMA style heat exchanger
is in refinery service. The tubeside fluid is éooling tower
water while the shellside fluid is an olefin-isooctane mixture
with hydrofluoric acid. Indications are that there was a loud
noise comihg from the exchanger at start-up before the tubeside
fluid was brought on stream. Tubes that failed were those within
a few rows of the baffle tips of the double-segmental baffles.
The breaks were at baffles near the center of the tube length.
Metallurgical analysis indicates corrosion fatigue-that was
probably initiated by flow-induced vibration. The exchanger
bundle was replaced with a new one with 18 instead of 12 baffles
‘and no further vibration was noted (See Case 111).

For this case, there are partial construction drawings, an
indication of the specific tubes that failed, and a metallurgical
report on the failed tubes.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2

Assigned

Case No. 110

CEN

Shell Orientation  }AHorizontal

Type M TEMA Exchanger
O Special Exchanger

Designatign
(Describe)

0O Vertical

SHELL GEOMETRY (Complete Sketch Below) - -

TUBE GEOMETRY

-

Inside Diameter, mm (in.) Yys
Wall Thickness, s (in.)_________ Material
Inlet Nozzle ID, s (in.) % 4

Outlet Nozzle ID, s (in.) 14

Impingement Protection XNo O Yes

~ (Describe)

Annular Distributor MNo OYes
Open Cut Area mm? (in.?)

Nozzle-to-First Tube Row Distance, saex (in.)___ 1L.G

CROSS BAFFLE GEOMETRY

Type O Segmental; & Double-Segmental O Disc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter __AG.S
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular }& Parallel 04s°
Central Baffles D Perpendicular J{Parallel 045°

Baffle Thickness, m (in.) Q.62 3Material __ CS
Diametral Clearances Shell-to-baffle, s (in.)__Q_.z_g__
Tube-to-baffle msm-(in.) 0. Ol (s
Bundle-to-shell, s (in.) L. 12S

Number of Baffles Along Length of Shell 12
6.5
25.9

Baffle Spacing, seer(in.)_ Central
inlet - Outlet

Outside Diameter, s (in.) .0 \
Wall Thickness, sm (in.LQJﬁ_~ ‘Materiat __CS
Tube Lengths -
Straight Tube, Inside Tubesheets,sam (m ) __ﬂll_}_
U-Tube, Tubesheet to Bend Tangent, sam (in.) _—

“Tube Pitch, mem<(in.) .25
Layout (Please Circle) -

Flow 30° boso" R 9o°m
No. of Tubes_ 420 __ No. of Tubepasses 1 -

First Tubepas B Countercurrent (@] Cocurrept '
Tube-to-Tubesheet Joint '
$XWelded JRrRoller Expanded O Other

. If U-Tube

Maximum Bend Radius, s (in.)
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel

——

. If Bend Supported, Describe in Comments Below

If Finned . Tubes
Rinofe (Fins/in.) _—______ Fin Material
Diameter, mm @a=), Root ____ Over Fins __=——
If Enhanced Surface Tubes h

(Describe)

——

DETUNING BAFFLE

Unsupported Tube Span Lengths.,-m-m.(in.)
Longest _10:Y _ Inlet 20.Y_ Outlet _ZQ.Y

If Detuning Baffle Used to Control Acoustic
Vibration, Indicate Position on Slgetch Below

COMMENTS AND SKETCH

[

P Fixed Tubesheat

Complete sketches by drawing In tubeside and shellside nozzles.
Indicate inlet nozzles with an arrow.

t indlcate top of exchanger as mounted
=D s :

by filling in appropriate arrow.

2-40
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned
Case No. _”0—.

Reference Condition A

Reference Condition B

Tub_ecide Shellside

Tubeside Shellside -

Flow Rate, ka/s (103Ib/hr)

Inlet Temperature -€-(F)

15

2300

Outlet Temperature,€ (F)

q0

Inlet Pressure,dePa (psia) Absolute

Measured AP, idPe (psi)

200

Inlet Weight Fraction Vapor

o [o)

Outlet Weight Fraction Vapor

o ()

Vibration Observed

ONo HYes

ONo 0OYes

FLUID PHYSICAL PROPERTIES

IS0BUTANE

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

CWATCR.

HYORO CARG A AP
HYRROF(VoRIc AR

Reference Temperature € (F)

©3

Liquid Properties at Reference
Temperatures

Density, kefm?® (Ib/ft3)

Viscosity -mPaes-(cP) - .

Thermal Conductivity, Wm~E (Btu/m ft F)

Heat Capacity, k¥fkg-€ (Btu/m ft F)

Vapor or Gas Properties at
" Reference Temperatures

Density, kg/m> (Ib/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m-C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btu/lb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

If Boiling or Condensing

~Latent Heat, kJ/kg (Btu/lb)
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) ) DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned
Case No. 110
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, &g/ (10° Ib/hr) [ 2 395 7 .
If Known, Crossflow Velocity at baffle tip, srfs (ft/sec)* ’
Crossflow Velocity at centerline, ms (ft/sec)*
Velocity Through Window in Baffle, mys (ft/sec)®
Inlet Nozzle Velocity, aafs (ft/sec)®
Outlet Nozzle Velocity, mfs (ft/sec)*
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources RNo O Yes
Source Frequency, Hz .. . rpm
O Machinery O Piping
i O Cavitation 'O Pulsating Flow
Damage Noted D No » o
B Yes Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact KCutting at Baffle 0O Near Tubesheet
O Tube-to-Shell Impact D Tubesheet Joint Leaking O Fatigue
Wear O One Side of Tubes Only O Parallel to Flow o Normal to Flow
' O All Around Tube Circumference ‘ '
¥ Corrosion Evident O Fouling Evident ‘

1Y TUuBES  KEAR BAFELE TIPS
AND 1N CENTRAL SPANS

O Genera! Description of Damage

Exchanger Operation History

e  How Long on Stream Before Damage Occurred?

¢  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of

.OStart-up’ O Plant-Upset 0 Shutdown
" Describe . : :
e  If Vibration Remedy Applied, Describe and Indicate Results: __lZ_EB_ngT__BM_QE_
TUBE BUNDLE DAMAGE SKETCH e uanJ ¢ AT BAFFLE
Neae. cenTed OF Bunpus \y
talED .
ees
el
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 1

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3,and 4 have been Assigned .

. . . . . . 1
reviewed to ensure that they do not include any propietary information. Case No. 1t

This is a replacement for the original page 1 that provides space for
additional comments, drawings, photographs, etc.

Summary \

This 45-in. diameter by 40-ft long CEM TEMA style heat exchanger
'is the same shell as for Case 110 -with a replacement bundle. These
are 18 double-segmental baffles instead of the original 12. The
service and the fluids are the same. This exchanger resulted in

a higher shellside pressure drop; however, added pump capacity

was available. The exchanger has operated for several years
without any vibration problems. :

The information is limited to that included on the data form,




Page 2

' DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM
) Assigned
Case No, __ 111
Type S TEMA Exchanger Designation CEN Shell Orientation & Horizontal
O Special Exchanger  (Describe) ' O Vertical'
SHELL GEOMETRY (Complete Sketch Below) TUBE GEOMETRY
Inside Diameter, s# (in.) Yo Outside Diameter,<aee (i’n.) 1.0
Wall Thickness, m# (in.)_______ Material Wall Thickness, s (in.)_0: {39 Material
Inlet Nozzle ID, mm (in.) 24 Tube Lengths
Outlet Nozzle ID, m (in.) 24 Straight Tube, Inside Tubesheets, s (in. )_13_.2b__
Impingement Protection ﬂNo OYes U-Tube, Tubesl?eet to Bend ngent, mer(n) "
(Describe) : — Tube Pitch, s (in.) L. 2D

Annular Distributor JBNo OYes _ Layout (Please Cucle)

O ——

Open Cut Area s (in.?)

- Nozazle-to-First Tube Row Distance, s (in.)

CROSS BAFFLE GEOMETRY

Type 0O Segmental; J{ Double-Segmental O Disc/Doughnut

~ O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter 265 ° A
Cut Orientation Relative to 'Axis of Inlet Nozzle
Inlet Baffle O Perpendicular J Parallel 045°
Central Baffles O Perpendicular E(Parallel 045°

Baffle Thickness, smm (in.) 0:625Material __ CS
Diametral Clearances Shell-to-baffle , & (in. )_Lz_ﬁ____
Tube-to-baffle men (in )__Q..Q_S_é:__
Bundle-to-shell, s (in )—l2s

Number of Baffles Along Length of Shell __ 5L8
Baffle Spacing, #ra=(in.) Central Zb

Flow b’ 60° A900
No. of Tubes_ A0 No. of 'I\Jbepasses S

First Tubepass  J&Countercurrent O Cocurrent
Tube-to-Tubesheet Joint . |

JAWelded B Roller Expanded O Other
If U-Tube '

Maximum Bend Radius, smnr(in.)
Bend Orientation Relative to Axis of Shellside Intet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in’ Comments Below
If Finned Tubes :

Eiaofm (Finsfin) _— ___ Fin Material
Diameter, s (in.), Root Over Fins __—
If Enhanced Surface Tubes __ -
' am—

(Describe)

DETUNING BAFFLE

Inlet _Z_‘L_i_ Outlet 2‘:[0 (>

Unsupported Tube Span I_engths mma(n)____ .

Longest _ 50 " Inlet _4442 Outlet _':(1_5_____

If Detuning Baffle Used to Control Acoustic _

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozztes.
indicate inlet nozzles with an arrow.

\
T1

b

Fixed Tubesheet

t

= =D

indicate top of exchanger as mounted

by filiing in appropriate arrow..

2—44

Show shellside inlet nozzte location, batfle cut
orlentation, and impingement devices,




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned

Case No. ,1”

Reference Condition A

Reference Condition B

Tubeside Shellside

Tubeside Shellside

Flow Rate, kgfs (10°1b/hr)

3300

Inlet Temperature,€<F)

3

Outlet Temperature,€(F)

90

Inlet Pressure, ¥Pe (psia) Absolute

200

Measured AP, lRe (psi)

Inlet Weight Fraction Vapor

o o

Outlet Weight Fraction Vapor

(% o

‘Vibration Observed

B{No OYes

DNo OYes

FLUID PHYSICAL PROPERTIES

(508U TANE

Fill In All Applicable Entries

Tubsidg

Shellside

Fluid Name

WATER

HYORO<ARB) Puus
HYO&QFLUOZLACJQ

Reference Temperature @(F)

L

Q3

Liquid Properties at Reference
Temperatures '

Density, kgfm® (Ib/ft?)

Viscosity, mPa=s (cP)

Thermal Conductivity, Wfm=€ (Btu/m ft F)

Heat Capacity, kdfleg~€ (Btu/m ft F)

.Vapor or Gas Properties at
Reference Temperatures

- Density, kg/m3 (Ib/ft3)

Viscosity, mPa-s (cP)

Thermal Conductivity, W/m-C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btu/lb F)

Fluid Molecular Weight, kg/mol (Ib/mole)

If Boiling or Condensing

Latent Heat, kJ/kg (Btu/lb)
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned
Case No. 120
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kg/s (10° Ib/hr) |
If Known, Crossflow Velocity at baffle tip, m/s (ft/sec)*
‘Crossflow Velocity at centerline, m/s (ft/sec)*
Velocity Through Window in Baffle, m/s (ft/sec)*
Inlet Nozzle Velocity, m/s (ft/sec)*
Outlet Nozzle Velocity, m/s (ft/sec)®
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db ,
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources ONo OYes -
Source Frequency, Hz _ rpm
0 Machinery ~ . O Piping
-0 Cavitation . O Pulsating Flow’
Damage Noted "~ ONo
O Yes Complete sketch at bottom of page indicating location in bundle
Type O Tube-to-Tube Impact @] Cuttiﬂg at Baffle - ‘O Near Tube.sheet
O Tube-to-She!l Impact - 3 Tubesheet Joint Leaking O Fatigue- :
Wear ‘0 One Side of Tubes Only O Parallel to Flow - O Narmal to Flow
U All Around Tube Circumierence
O Coirosion Evnidént U Fouling Evident .

O General Description of Damage _

Exchanger Operation History

®  How Long on Stream Before Damage Occurred?
®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up -~ O Plant-Upset O Shutdown

Describe i : -

®  If Vibration Remody Applied, Deacribe and Indicate Results:

0

TUBE BUNDLE DAMAGE SKETCH

/

rd

3
H‘?T
71/
\:—,

~o
I

,._
S
A Y

bt |
\\
\

= L
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

N

To protect the identity of the organization submitting this case, HTRI has

assigned a case nu_mber. Additionally the data on pages 2, 3, and 4 have been

~ réviewed to ensure that they do not include any propietary information.
This is a replacement for the original page 1 that provides space for
- additional comments, drawings, photographs, etc.

Page 1

" Assigned

Case No. 12

Summary |

probable cause.

This 43-in. diameter by 19-ft long AJS TEMA style heat exchanger
has an annular distribution at the center inlet with a series of
slots to direct half of the shellside flow of air to each of the
two ends of the exchanger. Cooling tower water flowed in the
tube side. . The bundle has segmental baffles with relatively
short unsupported span lengths for 3/4-in. admiralty tubes. The
tube field is arranged in an inline layout with a pitch-to-
diameter ratio of 1.33. 'The indication is that this exchanger
had "frequent tube leaks." Unfortunately, there is no indication
as to where the leaks occurred. Tube vibration is given as the

For this case, there are partial construction drawings, a field
"inspection report, and the exchanger specification sheet.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2

Assigned

CaseNo. 112

Type K TEMA Exchanger Designation : ATS
O Special Exchanger (Describe)

Shell Orientation

o Horiz.ontal
O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

3

Inside Diameter, ms(in.) Y3
Wall Thickness, s (in.) ______ Material
Inlet Nozzle ID, m(in.) 16
Outlet Nozzle ID, s (in.) 12
lmbingement Protection KNo DO.Yes
(Describe) _ .
Annular Distributor O No KYes
Open Cut Area mm? (in.2) a2

Nozzle-to-First Tube Row Distance, m.m-(m )_LL(,‘]_.‘;__

CROSS BAFFLE GEOMETRY

Type [ Segmental; O Double-Segmental O Disc/Doughnut
0 Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter ‘33
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle DO Perpendicular B Parallel [145°
Central Baffles O Perpendicular (XParallel 045°

Baffle Thickness, mm (in.) 0.2 Material __CS

Diametral Clearances Shell-to-baffle, mm (in.)L'ZS__ '

Tube-to-baffle nm(in.)_o_-le_é,_
v . Bundle-to-shell, mm-(in.)_L‘l_b___
Number of Baffles Along Length of Shell B+ VWibee

Baffle Spacing, s, (in.) Central 23

Inlet ___li____ Ol.xtlet 21.7 b—

Outside Diameter, mm=(in.)

[ XN Y?)

Wall Thickness, m(in.)_o'_oig_ Material AQIURALTY

Tube Lengths

Straight Tube, Inside Tubesheets, msm(in. )_Zl]_b___
U-Tube, Tubesheet to Bend Tangent, mm(in.)

l. oo-

Tube Pitch, sam-(in.)

"Layout (Please Circle)

Flow Q:b)

No. of Tubes__LZ_LY__

First Tubepass 1 Countercurrent

Tube-to-Tubesheet Joint

No. of Tubepasses

0O Welded g{Roller Expanded O Other

If U-Tube

Maxunum Bend Radius,+am (in.)

—

trCocurrent

Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below

If Finned Tubes

Einofm (Fins/in.) ___—— _ FinMaterial . —™—
Diameter, m#*(in.), Root _=—. Over Fins.

If Enhanced Surface Tubes

S

(Describe)

—

UETUNING BAFFLE

Unsupported Tube Span Lengths, s (in.) i
Longest_4&__ Inlet H&  Outlet Yq,25

If De.tu'ning Baffle Used to Control Acoustic

‘ Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Compilete sketches by drawing in tubeside and shellside nozzies.
Indicate Inlet nozzles with an arrow.

I

| w CeJI TER
Fixed Tubesheet . V] |\)|\7€R ’

T

t Indicate top of exchanger as mounted
=D

[ —]

by filling in appropriate arrow.
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Show shetiside Inlet nozzle location, batfle cut
orientation, and impingement devices.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned B
CaseNo.__112

Reference Condition A

“Reference Condition B

: Tubeside

Shellside

Tubeside Shellside

Flow Rate, kgfe(10°Ib/hr)

1 378

168

_Inlet Temperature, € (F)

9%

1S

Outlet Temperature, € (F)

oG

\og

Inlet Pressure, kPa (psia) Absolute

LS \g

Measured AP, iPa (psi)

&

LS

Inlet Weight Fraction Vapon; o

\.0

‘Outlet Weight Fraction Vapor

K-IK-)

.0

Vibration Observed

 ONo MYes

ONo OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside

Fluid Name

WATER

Reference Temperature €4(F)

L

AlR
[

Liquid Properties at Reference
Temperatures

Density, kg/m? (Ib/ft®)

\

Viscosity, mPa+s (cP)

. Thermal Conductivity, W/m-C (Btu/m ft F)

Heat Capacity, kJ/kg*C (Btu/m ft F)

Vapor of Gas Properties at
Reference Temperatures

Density, kg/m® (lb/ftj)‘ |

\"

Viscosity, inPa+s (cP)

Thermal Conductivity, Wm+C (Btu/hr ft F)

Heat Capacity, kJ/kg-C (Btu/lb F)

- Fluid Molecular Weight, kg/mol (lb/mole-)‘

‘ lf Boiling or Condensing

. / \

Latent Heat, kJ/kg (Bt_u]lb)

L~

N
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 4
Assigned )
Case No. 112
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kafs (10° 1b/hr) 1A%
If Known, Crossflow Velocity at baffle tip, aads (ft/sec)®
Crossflow Velocity at centerline, sfs (ft/sec)*
Velocity.- Through Window in Baffle, ms (ft/sec)*
Inlet Nozzle Velocity, #afe (ft/sec)® '
Outlet Nozzle Velocity, mfs (ft/sec)*
Measured Natural Frequency, Hz
Measured Aéoustic’ Frequencies, Hz
Noise Sound Level, db
| * Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources XNo OYes
' Source Frequency, Hz pm
O Machinery . O Piping
O Cavitation ' : .0 Pulsating Flow
Damage Noted ‘0O No . .
X Yes ' Complete sketch at bottom of page indicating location in bundle
Typ;. 0 TuBe-to;Tube Impact O Cutting at Baffle N 0O Near Tl.x‘besheet
O Tube-to-Shell Impact O Tubesheet Joint Leaking 03 Fatigue
Wear - O One Side of Tubes Only O Parallel to Flow ' 0 Normal to Flow
: O Al Around Tube Circumference _
O Corrosion Evidént - {0 Fouling Evident

" FREQUENT TUBE (EARS"

U General Description of Damage

Exchanger Opefation History

e  How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior.to Vibratién asa Consequeﬂce of
0O Start-up ‘0 Plant-Upset O Shutdown

Describe

® If Vibration Remedy Applied, Describe and Indicate Results: ___

TUBE BUNDLE DAMAGE SKETCH

- 2-50




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA F ORM , Page 1

To prdtect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned
reviewed to ensure that they do not include any propietary information. Case No.
This is a replacement for the original page 1 that provides space for

113

additional comments, drawings, photographs, etc.

Summary

This 17-in. diameter by 16-ft long AEU TEMA style heat exchanger
has cooling water flowing inside the two tubé passes formed by
the U~tubes. On the shell side a hydrocarbon designated
"Atmospheric Top Pumparound” flows through a bundle with seg-
mental baffles with very little overlap so the flow is mostly
parallel to the tubes.: Originally admiralty tubes were used
and these suffered damage. The inspection report indicates
evidence of "fretting corrosion with numerous penetrations
under baffles."” The indication is that there was a combined
effect of vibration and corrosion. The tubes that failed were
near the longitudinal baffle passlane and at the baffle plates.
The cutting action resulted in the' tubes being worn through

on one side, but the specific orientation is not noted.

For this case, there are in addition to the data forxrm, an
inspection' report, transmittal letter, and an indication of

the remedial action taken. The bundle was retubed with 430 alloy
stainless steel except for the bottom row of fin tubes which .
were with titanium. No further problems have been indicated.

. 2-51




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM : Page 2

Assigned .
Case No. ___'_'3_.___

Type KTEMA Exchanger Designation

Shell Orientation  B(Horizontal

AED
O Special Exchanger (Describe)

O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, s (in.) \1.25

Wall Thickness, mm (in.)_0:225 Material __ S
Inlet Nozzle ID, m#a (in.)___ 1.625  °

Outlet Nozzle ID, mm (in.) _7.625

Impingement Protection JENo O Yes

(Describe)
Annular Distributor BNo DYes
Open Cut Area sm? (in.2) h—

Nozzle-to-First Tube Row Distance, easa-(in.)_2 ¢ Y2 22—_

CROSS BAFFLE GEOMETRY

Type PSegmental, O Double- Segmental (w] Dlsc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter __43.9
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle O Perpendicular J Parallel D45°
Central Baffles O Perpendicular [dParallel O45°

. Baffle Thickness, -mm (in.) 0.5 Material CS
Diametral Clearances Shell-to-baffle, ##a-(in. )_O_xﬂ_}___
Tube-to-baffle s (1n.)__Q_£’_i
Bundle-to-shell, wwn (in)_.2:0

" Number of Baffles Along Length of Shell _-__ @

Baffle Spacing,-+wm (in.) Central __27
inlet _ 27 Outlet 27

Outside Diameter, mm.(in.) __1.50

Wall Thickness, ma (in.)_0:06S  Material AQUJ.Q.ALLY__

Tube Lengths BRASS
Straight Tube, Inside Tubesheets, me (in.) ___——
U-Tube, Tubesheet to Bend Tangent, ses (in.)

Tube Pitch,mm (in) 1100 _

Layout (Please Cu-cle)

Flow b} 5—2{@) 607 207

No. of .TubeS'fila__. No. of Tubepasses
First Tubepass O Countercurrent O Cocuhent 2

.Tube-to-Tubesheet Joint

O Welded & Roller Expanded O Other
If U-Tube =
Maximum Bend Radius, m (in.) {229
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular = Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes .
Kinefm (Finsfin.) _——___ Fin Material
Diameter, s (in.), Root _—_ Over Fins
If Enhanced Surface Tubes —

(Describe) ——

DETUNING BAFFLE

Unsupported Tube Span Lengths, s (in.)
Longest_9Y - Inlet 99 _ Outlet ___5Y

If Detuning Baffle Used to Confrol' Acoustic

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing in tubeside and shellside nozzles.
indicate Intet nozzles with an arrow.

BAFELE SurfotT
7

T

le\:a Tubesm‘nt ‘ |

)

[}
Ad

|
[ 1

|

[

LT
f

Indicate top of exchanger as mounted
= =D

by filling in appropriate arrow.

Show shellside Inlet nozzle location, batfie cut
orlentation, and Impingement devices,

a—_



" DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Assigned
Case No.

Reéference Condition A

Reference Condition B

Tubeside

Shellside

Tubeside

Shellside

Flow Raté, kgfé (10°1b/hr)

392.4

Inlét Temperature, €(F)

o

34

QOutlet Temperature, € (F)

100

e

Inlet Pressure, lePa<{psia) Absolute

Measured AP, kPa(psi)

Inlet Weight Fraction Vapor

_ Outlet Weight Fraction Vapor

9)
®)

0
O

_Vibration Observed

ONo KEYes

ONo

OYes

FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shell

side

Fluid Name

WATER

""Tops

PurMpaRouno™

Reference Température -€<(F)

l

21%4

| 176

Liquid Properties at Reference
Températures

Density, deaten® (b/f°) .

43,14

Hy sy

Viscosity ;mPass (cP)

0.4

0.22

Thermal Conductivity, Wfm-€ (Btu/m ft F)

Heat Capacity klfkg+€ (Btu/m ft F)

Vapor or Gas Propetties at
Reference Temperatures

>Density, kg/m3 (b/ft?)

e

Viscosity, mPa+s (cP)

~

—

Thermal Conductivity, W/ -C (Btu/hr ft F)

Heat Capacity, k3/kg+C (Btu/lb F)

Fluid Molécular Weight, kg/mol (Ib/mole)

e
<
™~

T Boiling or Condensing

~
P
/
d

K
~N
N\

~ Latent Heat, kJ/kg (Btu/Ib)

N
L7
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

. Page 4
Assigned |
Case No. L __ 113
VIBRATlON AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, @(103 Ib/h)| - 372y
If Known, Crossflow Velocity at baffle tip #nde(ft/sec)*
Crossflow Velocity at centerline s (ft/sec)*
Velocity Through Window in Baffle, s (ft/sec)*
Inlet Nozzle Velocity ,safs (ft/sec)®
Outlet Nozzle Velocity /s (ft/sec)*
Measured Natural Frequency, Hz . : |
Measured Acoustic Frequencies, Hz
Noise Sound Level, db
* Please describe how velocities were calculated or estimated.
Vibration Caused by External Sources ; KN_O OYes .
' Source Frequency, Hz pm
O Machinery O Piping
O Cavitation O Pulsating Flow
Démage Noted O No
JAYes ~ Complete sketch at bottom of page indicating location in bundle
Type a Tuﬁe-to-Tubg Impact X Cutting at Baffle O Near Tubesheet
. O Tube-to-Shell Impact O Tubesheet Joint Leaking O Fatiguc
Wear J One Side of Tubes Only O Parallel to Flow B O Normal to Flow
O All Around Tube Circumference’ ' <
0O Corrosion Evident 0 Fouling Evident

T Two TukEs WokN THROUGH oy ou(ﬂ‘

O General Description of Damage

S\0e AT BARFLE sufs?oals

Exchanger Operation History

®  How Long on Stream Before Damage Occurred? W
®  Any Unusual Occurrence Observed Prior to Vibration as a Consequence of
O Start-up O Plant-Upset O Shutdown
Describe

@ If Vibaliun Reuucdy‘ Applicd, Deseiibe and Lidicate Resulls. .

TUBE BUNDLE DAMAGE SKETCH

> O
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 1

To protect the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned
reviewed to ensure that they do not include any propietary information. Case No.
This is a replacement for the original page 1 that provides space for

114

additional comments, drawings, photographs, etc.

Summary
This 56~in. diameter by 50-ft long AEL TEMA style heat exchanger
has a hydrocarbon gas stream on both the shell side and the tube
side. The "lean gas" is heated on the shell side whére the bundle
has 19 "double double-segmental” baffles. See sketch below.
The "rich gas" is cooled on the tube side in a single tube pass.
There was no impingement device under the shellsidé inlet nozzle.
Tubes failed in "top three rows under shell inlet nozzle."

For this éase, in addition to the data form is a description of

the process conditions and geometry inéluding the sketch
reproduced below,

135 = o

WY

> \X

",
.
AN

%

Y
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2
Assigned
CaseNo.___114_
Type K TEMA Exchanger Designation AEL Shell Orientation 0O Horizontal
O Special Exchanger (Describe) NOT GWEN O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, e (in.) So

Wall Thickness, s (in))________ Maten’al

Inlet Nozzle ID, s (in.)__20

Outlet Nozzle ID, mm (in.) __ 24

Impingement Protection  JXNo '~ 0OYes
(Describe) s

Annular Distributor KNo DYes

Open Cut Area mm? (in.2)
Nozzle-to-First Tube Row Distance, mm (in )__"L_I____

—

CROSS BAFFLE GEOMETRY

Type

Baffle Cut, % Shell Diameter
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle
Central Baffles O Perpendicular fParallel 045°

Baffle Thickness, s (in. )_.fzz.i Material
Diametral Clearances Shell-to-baffle, mm (in.)__0, 268

O Segmental; F[Double% Seg;nental 0 Disc/Doughnut
oveLE
O Triple-Segmental; O No-Tubes-in-Window

20

O Perpendicular & Parallel 045°

Tube-to-baffle ma-(in) _0.0156
Bundle-to-shell, mar(in.)_Q. &G 3

Tube Pitch, mmr (in.)
-Layout (Please Circle)

Outside Diameter, s (in.) 0.150
Wall Thickness, mm (in. )_Q&KS_ Material . €S -
Tube Lengths
Straight Tube, Inside Tubesheets, sam (in. )__!716______,
U-Tube, Tubesheet to Bend Tangent, mee (in)) _—

093315

Flow .3_9.0.b; %ﬂgoo n
No. of Tubes_ 220 No.of Tubepasses | -
First Tubepass & Countercurrent
Tube-to-Tubesheet Joint
O Welded 0 Roller Expanded O OtherML)_

O Cocurrent

" If U-Tube

Maximum Bend Radius;m(in )
Bend Orientation Relative to Axis of She1151de Inlet Nozzle
O Perpendicular O Parallel

- If Bend Supported, Describe in Comments Below

If Finned Tubes
Firsfm (Fins/in.)) _—— - Fin Material
Diameter, mmr(in.), Root _—_ Over Fins
If Enhanced Surface Tubes bu—

—

. Number of Baffles Along Length of Shell 19 (Describe) —
Baffle Spacing, wm (in.) Central __30 _ . -
‘ nlet 1.2 Outlet . 1% DETUNING BAFFLE -
Unsupported Tube Span Lengths, e (in.) If Detuning Baffle Used to Control Acoustic
Longest_60__ Inlet _S% _Outlet __S¥ Vibration, Indicate Position on Sketch Below
COMMENTS AND SKETCH

Complete sketches by drawing In tubeside and ghellslde nozzles.

Ingicate inlet nozzles with an arrow.

g

<= =D

-5,

L]

L

Fixed TubesheLt |

Indicate top of exchanger as mounted
by filling in appropriate arrow.

2-56

Show shellside inlet nozzle location, batfle cut
orientation, and Impingement devices.
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 3
Assigned -
CaseNo.__114
PROCESS CONDITIONS
Reference Condition A Reference Condition B
Tubeside Shellside Tubeside Sheliside
Flow Rate, kefo (10%1b/hr) 571.7 Y4%8.2.
Inlet Temperature, €(F) 20 -25
Outlet Temperature, € (F) -6 1Y
Inlet Pressure, %Pz (psia) Absolute Jys Y26
Measured AP, iRe-(psi)
Inlet Weight Fraction Vapor 1.0 1.0
Outlet Weight Fraction Vapor (.0 _ O .
Vibration Observed ONo M(Yes ONo OYes
FLUID PHYSICAL PROPERTIES
Fill In All Applicable Entries Tubeside Shellside
Fluid Name RICH GAS LEAN GAs
Reference Temperature €-(F) 19.5 TY -15.< T 2O
Liquid Properties at Reference ‘ o
Temperatures
Density, kg/m? (Ib/ft®) .
Viscosity, mPa-s (cP) . /
Thermal Conductivity, W/m-C (Btu/m ft F) e P
Heat Capacity, kJ/kg-C (Btu/m ft F) \
Vapor or Gas Properties at
_Reference Temperatures
Density, kafm> (Ib/ft3)

" Viscosity, yaPa~s (cP) 0.0\ 0,012 0,010% 0,.0120
Thermal Conductivity, Wim=€ (Btu/hr ft F) ‘Q_._Ql_?_‘_l_» | . 0.02006 0.0\172 0.0207
Heat Capacity, k}kg-C- (Btu/lb F) —_ 0.58s —_ 0.6oy
Fluid Molecular Weight, kg}mel-('lb/mole) | 6.67 : 17.4¢

If Boiling or Condensing

Latent Heat, kdfg<Btu/lb)




DOE]ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM '

. - Page 4
Assigned :
Case No. 114
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, dgfe (10° lb/l{r) Yyg 2
. If Known, Crossflow Velocity at baffle tip, awe-(ft/sec)*
: Crossflow Velocity at centerline s (ft/sec)® W2 ’
Velocity Through Window in Baffle, wafe-(ft/sec)* 12Y4.9
Inlet Nozzle Velocity s (ft/sec)* .
Outlet Nozzle Velocity, mfs (ft/sec)*
Measured Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db
* Plcase describe how velocities were calculated or estimated.  GIVEN
‘Vibration Caused by External Sources HANo OYes
: o ' Source Frequency, Hz pm
. - O Machinery . O Piping . ‘ T
O Cavitation O Pulsating Flow -
Damage Noted 0 No .
H Yes Complete sketch at bottom of page indicating location in bundle
Type DO Tube-to-Tube Impact O Cutting at Baffle X{Near Tubesheet
M Tuhe-tn-Shell Impact O Tubesheet Joint Leaking 0 Fatigue .
Wear. O One Side of Tubes Only O Parallel to Flow O Normal to Flow
D All Around Tube Circumterence ' :
@G Corrosion Evident U Fouling Evident

R General Description of Damage _ FARED W ToP 3 Rows UNOER -

INLET NO22LE

Exchanger Operation History

.

¢ How Long on Stream Before Damage Occurred?

®  Any Unusual Occurrence Observed Prior to Vibr;itidn as a Consequence of
O Start-up O Plant-Upset O Shutdown

Describe
® If Vibration Remedy Applied, Describe and Indicate Results: ____ _

TUBE BUNDLE DAMAGE SKETCH
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

To protect "the identity of the organization submitting this case, HTRI has
assigned a case number. Additionally the data on pages 2, 3, and 4 have been Assigned
reviewed to ensure that they do not include any propietary information. Case No.
This is a replacement for the original page 1 that p;ovides space for ’

115

additional comments, drawings, photographs, etc.

Summary

This. 69-in. diameter by 20-ft long BJS TEMA style heat exchanger
is used as a process gas cooler. Shellside flow entered the
single 42-in. nozzle at the center of the exchanger and was

of the nozzle was blanked off to prevent by passing and reduced
the flow area to the equivalent of a 40.6-in. diameter nozzle.

There were five crosspasses on each end with segmental baffles.
The outlet nozzles were 26 in. diameter and mated matching 26-in.

combine the flow into a 42 in. diameter outlet line. See sketch
below. It should be noted that the tubefield layout was inline.
There has not been any tube damage reported.. However, there is
. an extremely loud noise. The noise was greatest at the fixed

tubesheet at the top of the shell and at the bottom of the shell
near the floating head. The shellside pressure drop was puléing
between 2 to 4 psi. It is not clear that the noise was flow-
induced inside the shell and not being generated by an outside
source.

For this case, in addition to the data form, there are complete

a descrlptlon of noise observations, and several sketches.

Y2% et

} - l
1 62" Gas Cooer D
' ]
’ | .

a0 Non.LE$ —

- 4 L (Ir ColLEcTiig HEADER

Y1YOUTLET

directed to the two ends by a solid flow divider plate. A portlon

diameter nozzles on a vessel that acted as a collecting header to

construction drawings of the exchanger (not the collecting header) ’




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

Page 2

Assigned -

Case No. 115

Type X TEMA Exchanger

Shell Orientation ¥ Horizontal

Designation
(Describe)

bis
O Special Exchanger -

O Vertical

SHELL GEOMETRY (Complete Sketch Below)

TUBE GEOMETRY

Inside Diameter, s (in) 69

Wall Thickness, mm (in)_9.50 Material _CS
Inlet Nozzle ID, enm (in.) 42 Branke (0 70 Y04
Outlet Nozzle ID, smm-(in.) 26

Impingement Protection ~ [BNo 'O Yes
(Describe). —_
Annular Distributor XE(No
Open Cui Area man?® (iin.?)
Nozzle-to-First Tube Row Distance, se(in.)_2.6%72

OYes ‘

Lo,

CROSS BAFFLE GEOMETRY ' ¢

Type X Segmental; O Double-Segmental O Disc/Doughnut

O Triple-Segmental; O No-Tubes-in-Window
Baffle Cut, % Shell Diameter ___ 15
Cut Orientation Relative to Axis of Inlet Nozzle
Inlet Baffle - B Perpendicular O Parallel D45°
Central Baffles XS Perpendicular O Parallel 045°

Baffle Thickness, s (in.) Q1 50 Materiat _ CS
Diametral Clearances Shell-to-baffle, sam (in.)

Tube-to-baffle mm (in.)

Bundle-to-shell, s (in.)

Number of Baffles Along Length of Shell . 9
Baffle Spacing, s (in.)___ _ Central 19
“inlet _20.71S Outlet __29.%12

Outside Diameter, s (in.) 0.150
Wall Thickness, mm (in.)_o;o&_ Material _ CS .~
Tube Lengths
Straight Tube, Inside Tubesheets, s (in.) _2%4.F_
U-Tube, Tubesheet to Bend Téngent.m (in) —
Tube Pitch, em (in.) .25
Layout (Please Circle)

Flow -3912‘.0 %@'—: Qoom

No. of '[hbes _Q_QZ&__ No. of Tubepasses

Fisst Tubepass )& Counterourrent fxCocurrent
Tube-to-Tubesheet Joint

O Welded )X Roller Expanded O Other
If U-Tube

.Maximum Bend Radius, wm (in.) —_
Bend Orientation Relative to Axis of Shellside Inlet Nozzle
O Perpendicular O Parallel
If Bend Supported, Describe in Comments Below
If Finned Tubes .
Einefm (Finsfin) _—___ FinMaterial -~
Diameter, sam-(in.), Root == Over Fins _ "
If Enhanced Surface Tubes. :

(Describe)

DETUNING BAFFLE

Unsupported Tube Span Lengths,smm (in.)
Longest Mnlet' 2 Outlet S AVA

If Detuning Baffle Used to Control Acoustic

Vibration, Indicate Position on Sketch Below

COMMENTS AND SKETCH

Complete sketches by drawing In tubeside and shellside nozzles.
Indicate inlet nozzles with an arrow.

4

Flxed Tubesheet

T}[/

11

t . Indlcate top of exchanger as mounted »
by filling In appropriate arrow.

]

Flow DINIQER PLATE

2-60

Show sheliside inlet nozzie locaﬂon. baffle cut
orientation, and Impingement devices.




DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM

PROCESS CONDITIONS

Page 3

Assigned
115

Case No. __

Reference Condition A

““Ref'crence Condition B

' Tubeside

Shellside

Tubeside Shellside

Flow Rate, legfs (103|b/hf) '

1 697%

Inlet Temperature, € (F) ~

Outlet Temperature, €(F)

27

" Inlet Pressure, ¥Pw (psia) Absolute

Measured AP, &kBax{(psi)

Inlet Weight Fraction Vapor

Outlet Weight Fraction Vapor

ool UF

Vibration Observed

ONo RYes

ONo 0OYes

#* CALCULATED
FLUID PHYSICAL PROPERTIES

Fill In All Applicable Entries

Tubeside

Shellside-

Fluid Name

WATER

Process Gas

Reference Temperature =€~(F)

Liquid Properties at Refetence
Temperatures

B

105 | ez

Density, kgt (Ib/ft3)

Viscosity, mkess (cP)

Thermal Conductivity, Wm=-€ (Btu/m ft F)

Heat Capacity, kiflg-€- (Btu/m ft F)

Vapor or Gas Properties at
~ Reference Temperatures

Density, kefam> (Ib/ft®)

Viscosity, mPass- (cP)

_ 0.0099

0.01lS

Thermal Conductivity, Wim~G- (Btu/hr ft F)

0.036¢ | 0.0397

Heat Capacity, kdfiegsG-(Btuflb F)

0.32330 0.60G0

Fluid Molecular Weight, kg/mel (Ib/mole)

22.89_

If Boiling or Condensing

~
AN
S
__~
pd

—
4
~
N

o

I

——

Latent Heat, 33eg (Btu/lb)
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. DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRA;I'ION DATA FORM

Page 4
Assigned
CaseNo.. 115
VIBRATION AND DAMAGE DESCRIPTION
When Vibration Present, Shellside Flow Rate, kgfe (103 'lb/ﬁr) 277
If Known, Crossflow Velocity at baffle tip, mfe (ft/sec)*
Crossflow Velocity at centerline, ryfs (ft/sec)*
Velocity Through Window in Baffle, +afs (ft/sec)*
Inlet Nozzle Velocity, sfs (ft/sec)®
Outlet Nozzle Velocity ,+afs (ft/sec)®
Measured"Natural Frequency, Hz
Measured Acoustic Frequencies, Hz
Noise Sound Level, db VERY Louo!
* Please describe how velocities were calculated of estimated.
_Vibration Caused by External Sources ONo OYes W MosT PROBARLY NOT
‘ Source Frequency, Hz rpm
O Machinery O Piping
O Cavitation . D Pulsating Flow
Damage Noted B No
O Yes Complete sketch at bottom of page indicating location in bundle
Type D Tube-to-Tube Impact 0 Cutting at Baffle O Near Tubesheet
; O Tube-to-Shell Impact O Tubesheet Joint Leaking D Fatigue
Wear O One Side of Tubes Only 0O Parallel to Flow . " O Normal to Flow -
D _All Around Tube Circumference ‘
0 Corrosion Evident . U Fouling Bvident : .
- O General Description of Damage No  VDAracE  To QATE

AP _TWIcE DESIEN 0L  SHELLSIDE

Exchanger Operation History

®  How Long on Stream Before Damage Occurred?

®  Any Unusual Occﬁrrence Observed Prior to Vibration as a'Consequence of
O Start-up O Plant-Upset . O Shutdown -

Describe

»

If Vibration Remedy Applied, Describe and Indicate Results: ____ __

TUBE BUNDLE DAMAGE SKETCH
SHELL SEEMS To VIBRATE

(\‘_x
No1sE LovDEST ‘
2-62






