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DOE/ANL/HTRI.HEAT EXCHANGER TUBE VIBRATION DATA·BANK 

by 

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

ABSTRACT 

. Development of a new heat exchanger tube vibration data bank at 

Argonne National Laboratory is described. The objective is to accumulate 

comprehensive case histories on heat exchangers that have experienced 
I . 

tube-vibration problems and units ·that have been-trouble-free, and render 

this information avai~able for evaluation, improvement, and development 

of vibration-prediction methods and design guidelines. Discussions 

include difficulties in generating a data bank, data form development, 

and ·solicitation efforts. Also included are 15 case histories upon 

which the data bank will be built. As new case histories are received, 

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

I. INTRODUCTION 

Flow-induced vibration has become a vital factor in the design of heat 

exchangers along with the more traditional thermal, hydraulic, and mechanical 

considerations. There have been many cases of shell-and-tube heat exchangers 

experiencing vibration problems, often leading to tube failures,and, in some 

cases, costly plant shutdowns. Thes~ vibration problems have motivated theore-

tical and experimental studies which have resulted in the development of pre-

diction methods and design guidelines to avoid detrimental tube vibration. 

However, most o~ these studies involved single tubes or tube banks 

subjected to idealized uniform crossflow or parallel flow conditions. 

Although these conditions can occur locally, they are not 



typical of the changing flow patterns throughout an actual shell-and-tube 

exchanger: Flow passages, and thus ·flow conditions, are much more complex 

than simulated by either mathematical models or experimental equivalents .. 

Consequently, extrapolation of these methods for predicting flow-induced 

vibration problems to heat exchanger _tube bundles has been seriously chal-

lenged. Available prediction methods provide useful. guidance but are' c.onsidered 

unreliable to the extent that their application to'heat exchanger design 

evaluation is uncertain thus requiriri·g the use of large fact.ors of safety. 

To examine the ability of these methods to correctly predict the absence 

tH" presence of flow-induced tube viJnatiuns, field data must be collected 

from case histories of individual heat exchangers and stored in a manner that 

can be input into these methods. 

Efforts in support of such a data 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 llt.ili7.:Hi.on. ThQ·activity io al3o 

a part of a U.S. contribution to an International Energy Agency (IEA) program 

of Research and Development on Heat Transfer and Heat Exchangers. 

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

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

of heat transfer- equipment manufactur-ers, engineering contr.actors, and 

processing companies to promote ·application-oriented research in heat transfer. 

ANL is working with HTRI to take· advantag~ of their cxperterice with data 

I 

banks, their established contacts with manufacturers and users throughout the 

world, and to en~ure anonymity of contributors to the bank. 

This report describes the DOE/ ANL/HTRI Heat Exchanger Tube Vibration D_ata 

Bank, including background information, objectives, assessment of difficulties in-

valved, data form development, solicitation efforts, and, as an appendix, fifteen 

case histories of heat exchanger tube vibration. These histor.ies were purchased 
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from HTRI with program funds and ·represent cases in which acoustic vibration, 

damaging tube vibration, and no vibration were present. They constitute the 

initial entries and the base upon which the new data bank will be built. As 

additional case histories are received, the data will be collated·and published 

annually as addenda to.this report. 

II . BACKGROUND 

The need for a bank of field data for shell-and-tube heat exchar.gers that 

have experienced flow-induced tube vibration problems was recognized by the 

Tubular Exchanger Manufacturers Association (TEMA) in 1969. Data collected 

from its members represented observations of gross effects that were considered 

·Significant parameters concerning tube·vibrations. These proprietary data were 

made ava.ilable to HTRI in 1971. Since that time, a new understanding of vibration 

phenomena has. shown that the data are inadequate to evaluate critically current 

prediction methods. 

In 1972, HTRI started collecting case histories for a heat exchanger tube 

vibration data bank. A form was designed that requested more data than found 

in the TEMA Data Bank. More specifically, case histories also were requested 

for heat exchangers which had not experienced vibration problems. 

The data obtained ranged from very complete to sparse. In some instances, 

data gaps could be filled either by contacting the organizat~on·submitting the 

case, by making back-calculations, or by using "good enginee;ring judgment." 

Although the HTRI data bank is proprietary to HTRI members, gross eomparisons 

of predil;tions by known methods with fjP.l.cl observations have been published.t 

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

tJ. M. Chenoweth, "Flow-Induced Tube Vibrations. in Shell and Tube Heat 
Exchangers," ERDA Report SAN/1273-1 (February 1977). 
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be included in the·data· bank. _However, only six of these cases deal with liquid 

shell side ·flow. Additionally, the data· are heavily biased toward cases for 

which vibration· problems have been exp~rienced; there is a lack of cases for 

wh.ich no vibration 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 HTFS members. 

In 1976, HTRI conducted a study on flow-induced tube vibration in shell-

and-tube heat exchangers for the Division of Conservation Research and Technology 

of Lhe Energy Research and Development Administration (ERDA). This study included . - . . . 

a Heat Exchanger Tube Vibration Workshop to id~ntify the most promising areas of 

needed research in flow-induced vibration in industrial shell-and~tube heat 

exchangers. An international panel of 14 vibration experts, representing on;_ 

going research, was invited to ·present ·.their evaluation o{ the current state­

of-the-art, and to participate with other Attendees in discusciono and formu-

lation of research recommendations. The results of the presentations and 

discussions were.published by Che:noweth. 

During the workshop, the panelists stressed the importance of obtaining 

and using field data to establish the.validity of any prediction method. 

The difficulty of obtaining reliable fielci data was recognized, and the devel-

opment of improved methods (i.e .. , data banks) to acquire such data was 

recommended. 

Based, in part, on the results and recommendations from this workshop, 

development of a bank of field data was selected as one of .two program activi­

ties· to be assigned to ANL. The second activity inv?lves obtaining tube­

vibration data under controlled .conditions from testing of a specially built, 

industrial size; segmentally baffled shell-and-tube heat exchanger. 
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III. OBJECTIVES 

The DOE/ANL/HTRI Heat Exchanger Tube Vibration Data Bank has as its 

innnediate objective the collection of sufficient, reliable, well-documented 

field data to (1) demonstrate confidence in the application of available 

.prediction methods to the design of equipment; (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 exchangers that experience· detrimental vibrations·, is to 

minimize the number of heat exchangers that are unnecessarily overdesigned 

to avoid f,low-induced vibration problems. 

IV. ASSESSMENT OF DIFFICULTIES 

Following are some of the reasons why it may be difficult to obtain · 

comprehensive field data on flow-induced vibration in shell-and-tube heat 

exchangers. 

(1) Plant managers. and field service engineers are, under.standably, ·more 

interested in. getting a plant back into production than investigating the 

source of vibration-induced failure of a heat exchanger. 

(2) Before a vibration problem deyelops, there is ·no .incentive t·o mak.e 

observations that could identify the source of the.problem. Thus, alth.ougb. a 

long-term phenomenon ~ay have caused the failure, recent •Operational changes 

are usually suspected. 

(3) Actual operating conditions oft~n do not agree with. conditions 

assumed in the design ·of a heat exchanger, part:icularly during startup, 

shutdown., and plant upsets. It is reasonable t:o suspect many .vi.b-raL"i.on 

problems a:re initiated during these phases of operation. 
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(4) Flow velocity profiles within a tube bundle and tube damping, both 

important parameters in any predic,tion method, are difficult to measure and 

to calculate. 

(5) Records are seldom kept of "as built" heat exchangers. Deviation.s 

during initial construction·and subsequent field changes ?re not always noted. 

on drawings. 

(6) Before organizations will release the desired amount of data, they 

must be assured that its.source will be protected and that its use will be 

restricted to evaluation of prediction methods. 

The last 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 ·F:ORM 

It is important that the data be collected in a sy·stematic way, be as 

complete as possible, and as accurate as practical. ·Toward this end, a 

standard questionnaire is required which lists the desired fnformat.inn t.h.<~t 
-. 

may be available but may not be cons:Lde~ed sig;nificant by each,contr.i.hutor. 

The questionnaire should provide entries for sufficient primary 9ata 

to enable an investigator (1) to ca'rcula:te important der:ived data such as 

flow velocity fractions and natur~l frequencies (if not meas·ured) ,; (2) to input 

the data in various predition methods; (3) to c.ompare t~e calculated results 

with actual performance; and '(4) to request additional :information that maY. 

be made available by the source. 
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The DOE/ANL/HTRI Heat Exchanger Tube Vibration Data Form and Instruction 

Sheet developed to satisfy these requirements are ~eproduced in Appendix 1. 

The 4-page data form is based on a Heat Exchanger Vibration Data Sheet 

developen and used by HTRI to accumulate their data bank. In consultation 

with HTRI, the format of their data sheet has been rearranged and enlarged 

to motivate and accommodate more input, particularly.with respect to 

vibration damage description, analysis of two-phase flow, and evaluation of 

the influence of axial forces on tubes. 

As the case histories are received by HTRI, t~ey will be coded. Page 1 

of the Data Form will be retained in a confidential.file. Pages 2, 3, and 4, 

which contain the pertinent.technical information will be sent to ANL for 

incl~sion in the DOE/ANL/HTRI Heat Exchanger Tube Vibration Bank. 

VI .. SOLICITATION 

As discussed above, the task of soliciting case histories has been 

assigned to HTRI. The letter of solicitation that accompanies the data 

form is included in Appendi~ 1. 

A direct solicitation for case histories has been made' to HTRI member 

organizations (> 150) located through the world. Additionally, non-HTRI 

member organizations will be solicited. 

The vibration problem is sufficiently complex, that a follow-up procedure 

will. be implemented to ensure complete documentation of each case history. In 

addition, the quality of the information will be evaluated; poot data with 

inadequate documentation will only be misleading. It is better to have fewer 

reliable data in a .data.bank than a larger amount of questionable data. 
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VII. INITIAL CASE HISTORIES 

Fifteen of the most. representative o.f well-documented case histories have 

been purchased from the HTRI Data Bank, and the information transferred to the· 

new data forms. These.forms are reproduced as Appendix 2, and represent the 

· initial case histories of the DOE/ANL/HTRI Heat Exchanger Tube Vibration Data 

Bank. Owing to the enlarged format and increased number ·of entries, there are 

areas where the data are incomplete. 

Also included in Appendix 2 is a summary tabulation of the geome~ries and 

various process fluids ·Ot the heat exchangers. 

VIII. DISCUSSION 

Successful development.of a data bank of heat exchanger tube vibration case 

histories cannot be guaranteed a priori because of the many difficulties in 

obtaining data that are sufficiently detailed and reliable. For the most part, 

these difficulties are beyond the control of the data bank developer. In fact, 

some investigators who have attempted to assemb~e a simiiar bank for evaluation 

of prediction methods have concluded that such an effort, whilP,initially 

appealing, is difficult to accomplish in practice because of inherent un­

certainties in the data. 

Neverthele$s, development of the DOE/ANT./HTRT Heat Exchanger Tube Vibration 

Data Bank is deemed a significant effort toward·a better·understanding of the 

phe~omena· involved, and marked improvement in formulation and application of 

prediction methods.· 

More specifically: Although information in the data bank will be pre­

dominantly of 'a qualitative nature, it will 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 

.. 
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the mode of failure is tube wear at the baffle or intertube impacting; and 

(2) determining the relative effectiveness of various design features {e.g., 

impingement plates) in reducing the potential for tube vibration. 

As a source of practical information, the data bank will be particularly . . 

beneficial to ·researchers who have no direct experience in design or operation 

of heat exchangers, but are involved in development of design guidelines and 

corresponding performance-prediction methods. 

For the effort to be successful will require the cooperation of the 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 vibration problems, and from 

units with liquids, gases, and two-phase mixtures as the shellside fluid. As 

the number of respective case histories increases, trends in the dynamic 

behavior will become apparent, as will any anomalies that should be disregarded 

because of inaccurate or uncertain data. As necessary, selected case histories 

will be followed up with personal contacts and/or on-site visits for purposes 
. ' 

of obtaining clarifica.tion or additional information. 

It is not.unreasonable to expect that it will take several years to 

collect a sufficient number of well-documented case·s for the data bank to 

become a usefui tool in the evaluation of.prediction methods. However, during 

this time period the available data will provide useful guidance of research 

efforts. For example, new methods to ca~culate flow velocities may be derived 

which will increase the potential usefulness of the data over what it would 

be today. 
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APPENDIX 1 

,HTRI Solicitation ·Letter for Tube Vibration Case Histories 

and 

DOE/ANL/HTRI Heat Exchanger Tube Vibration Data Form 



HEAT TRANSFER RESEARCH, INC. Research Facilities 

1000 South Fremont Avenue 
Telex 67-4888 (CFBRAUN) 

Subject: 

Alhambra, California 91802 
TWX 910·589·3377 

Telephone (213) 570·3950 

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 years. 

In October 1976 HTRI organized under contract to ERDA (presently US Department of Energy, DOE) a Tube Vib~ation 
Workshop with a panel discussion on the sta•te of the art by selected international experts. (Reference ERDA Report No. 
SAN/1273-1.) One ofthe 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 Lahoratory and will also be made available to the International Energy 

Agency. 

• HT_RI, acting on behalf of UUE/ 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 Tuhe 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. 

By this letter I am requesting support from your company to supply field data on shell-and-tube heat exchangers 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.'might be overlooked. The identity of the data source 
will be contldetUicJ to H'l'Kl 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 project on 
flow-induced vibration and ultimately the formulation of improved methods for tube vibration prediction. 

JT:pth 

Attachment 

1-2 

Sincerely yours, 

Jerry Taborek 

Technical Direc'tor 

Administrative Office 

1499 Huntington Drive, Suite 309 South Pasadena, California 91030 
Telephone (213) 570-3980 Telex 67-5355 (HTRI) 



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

Name of Person· Assign!!d 

· Submitting Case -------------------- (Confidential) Case No. ___ _ 

Phone Number 

Address · 

Item No. ---------'------------- (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 yibration problems. Much of the requested infor­

mation may be available "from drawings and/or specification sheets for the exchan~ers. If these are supplied, only the 

flow conditions imd observed descriptions of damage, vibration frequencies, etc. need l;>e 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 pu.blication 

for DOE. 

Please fill in the forms as completely as possible. Supplement with photographs, sketches, drawings, and descriptions 

if available. Indicate known deviation from construction drawings. Add anything you feel would assist in under­

standing flow-induced vihration. For the benet~! of all, please contribute as many cases as possible. Mail the comple.tcd 

for ins wi I h at 1 ach men ts I o: 

Heat Tr\lnsfer Research, Inc. 

1000 8. Fremont Avenue 

Alhambra, CA 91802 



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

I 
Assigned 

. Case No. 

Type D TEMA Exchanger Designation __________ _ Shell Orientation · D Horizontal 

D Vertical D Special Exchanger (Describe)~------------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, mm (in.) ____________ _ 

Wall Thickness, mm (in.)_· ___ Material _____ _ 

Inlet Nozzle ID, mm {in.) 

Outlet Nm.zle ID. nun (in.)--·-··· 

DNo DYes Impingement Protection 

(Describe)----~-----------

,o\nnulnr Di3ti"ibut.:H D Nu DYes 
Open Cut Area mm2 (in.2 ) __________ _ 

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

CROSS BAFFLE GEOMETRY 

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

D Triple-Segmental: D No:Tubcs-in-Wim.low 

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

Inlet Baffle D Perpendicular D Parallel D 45° 

Central Baffles D Perpendicular. D Parallel D 45° 

Baffle Thickness, mm (in.)_· __ · _Material _____ _ 

Diametral Clearances Shell-to-baffle, mnr (in.) _____ _ 
Tube-to-baffle n1111 (in.) ______ _ 

Bundle-to-shell, mm (in.) _____ _ 

Number of Battles Along Length of Shell ______ _ 

Baffle Spacing, 111m (in.) __ Central --------

Inlet Outlet --------

Unsupported Tube Span Lengths, 111111 (in.) _____ _ 

Longest ___ Inlet ___ Outlet----'---'----

COMMENTS AND SKETCH ·. 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

I I I I I 1 
. 1--_-f· .,---, -,---r· ~---r ,---~ 

' --- {~~--_. ______ _. __ ._ ______ _. __ ~~L--Jj 
I . :\ 

I <\ 
' l\ ' ,--~ ~~e., 

' I . ' 
0 I 

;- .... 

Fi~~d Tubesheet I 

' ' .- ""1 

~ ·' 
~ : 

' ~ ' 
~~---~ ~~~,--~----~~,--T,--------~,--~,~~~--~J 
.J ___ L. .J ___ J. -l---L _, ___ J_ -'---L. 

TUBE GEOMETRY. 

Outside Diameter, 111111 (in.) ___________ _ 

Wall Thickness, 111111 (in.) ____ ·Material_-,-___ _ 

T~1be Lengths 

Straight Tuhc. Inside Tuhcshcets. nun (in.)-······.-
LJ-Tub~:. Tubcshcct to lkml Tangent. 111111 (in.) ___ _ 

Tube Pitch, nun (in.) 

Layout (Plca3c Ci.de) 

·Flow 3oo ~ ~6~~...Q!.W 
No. of Tubes _____ No. of Tubepasses ---··--

Firsl Tubepass D Countercurrent D Cocurrent 

Tube-to-Tubesheet Joint 
D Welded D Roller Expanded D Other ____ _ 

If U-Tube 

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

D Perpendicular D Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Fins/m (Fins/in.) Fin Material -~-
Oiameter.mm (in.). Root __ Over Fins _____ _ 

If b·1ham:cu Su1fa~.:c Tubes ___________ _ 

(Describe) 

DETUNING BAFFLE 

If De tuning Baffle Used to Control Acoustic 

Vihration, Indicate Position on Sketch Below 

Show sheilslde Inlet nozzle location, baffle cut 

orientation, and Impingement devices . 

--~ 
I 
I 
I 

-1 

¢= ~ ~ Indicate top of exchanger as mounted 

'>Y filling In appropriate arrow. 
1-4 
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DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Flow Rate, kg/s (103 lb/hr) 

Inlet Temperature, C (F) 

Outlet Temperature, C (F) 

Inlet Pressure, kPa (psia) Absolute .. 
Measured ~P. kPa (psi) 

-·-----· ····-
lnlcl Weigh! Fraction Vapor · . . ---. --··· ·---- --·· -··-·-··-·-··---------·-···-···-·---
Oullcl Weight Fradion Vapor 1 

Vibration Observed 

FLUID PHYSICAL PROPERTIES 

Fiilln All Applicable Entries 

Fluid Name 
··-------·-· 

Refercn<.:e Temperature, C (F) 

Liquid PrQperties at Reference 

Temperatures 

Density, kg/m 3 (Ibfft3
) 

Viscosity, mPa·s (cP) 

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

He.at Capacity, kJ/kg·C (Btu/m ft F) 

Vapor or Gas Properties at · 

R~ference Temperatures 

Density, kg/m 3 (lb/ft3
) 

Viscosity, mPa ·s (cP) 

Thermal ConduCtivity, W/m ·C (Btu/hr ft F) 

Heat Cllpacity, kJ/kg·C (Btu/lb F) 

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

If Boiling or Condensing 

Latent Heat, kJ/kg (Btu/lb) 

Reference C~mdition A 

Tubeside SheUside 

-· 
-----··· ----- . -· ·-·· ··-·----· --· --

DNo DYes 

Tubeside 

-------I--··-··· 

··-· -·---
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Assigned 

Case No. 
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Reference Condition B 

Tubeside SheUside 

-----··---- ---· . 
DNo DYes 

Shellside 

.. 
··- . 



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Pag~4 

Assigned 
Ca~No. ______________ _ 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, kg/s (I 03 lb/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)* . 
Iniet 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 Soprces ONo . DYes 

Source Frequency ;Hz rpm 
0 

I 0 Machinery ·o Piping 

0 Cavitation 0 Pulsating Flow 

Damage Noted 0 No 

0 Yes Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact 0 Cutting at Baffle 0 Near Tubesheet 

D Tube-to-Shell Impact D Tubesheet Joint Leaking b Fatigue 

w~ar 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

C All Around Tubo Ciroumforenco 
C Corro~ion Evident 0 Fo~•ling Evident 

0 General Description of Damage 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

• Any. Unusual Occurrence Observed Prio.r to Vibration as a Consequence of 

0 Start-up 0 Plant-Upset 0 Shutdown 

De>cribe 

!II If Vibration Remedy Applied,.Describe and Indicate Results: 

-------------------
----·-v- -··- -- -----------------·--·--··~---··--~-·-----

TUBE BUNDLE DAMAGE SKETCH 

r-· r, . 
I t- ...... 

0 r... ' 1>', \ 
I I '' I \ 

~·'' I I I 
!: ....... / _, 

.._ d 
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· APPENDIX 2 

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



Summary of Heat Exchanger Case Histories in Append-ix 2 

Tube Tube 

Case Shell Baffle Bundle 00 Pitch uyout Tubeslde Shellslde Shell 

* * Damage Reported No. "T)tpe Type Type l.n. Ratio An91e Fluid · Fluid Diameter. .. de g. in . 

101 BEM Seg. FXTS 0.750 1.33 30 City Gas City Gas 47.2 Noise -
102 BJM Seg. FXTS 0.750 1.25 60 water · Refrlg. 44'.0 Baffle 

103 AEP 2-Seg. OPFH .0.625 1.20 30 Water wa.ter 19.3 Collision 

104 AES Seg. SRFH 0.625 .1.20 30 Water Air 10.1 Baffle . 
105 AET Seg. PTFH 0.984 1.28 60 Water City. Gas 57.7 --
106 AET Seg. PTFH 0.984 1.28. 60 Water C2.H4 57.7 Near Tubeshtiat 

1(17 CEM :Z·S.g. FXTii 0.7&0 1..2i &0 r~ot'l Gd Not'l Ou 37.0 D6ffl,; 

108 CEM 3-Seg. FXTS 0.750 1.25 60 Nat'l Gas Nat'l Gas 44.0 Tube joint 

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 Baffle 

111 CEN 2-Seg. FXTS 1.000 1.,25 45 water Olefin 45.0 --
112 AJS Seg. PTFH 0.750 1.33 90 Water Air 43.0 Tube)olnt .. 

/ 

113 AEU Seg. u-tube 0.750 1.33 90 - ,water H.C. 17.3 saffle 

114 AEL 2-Seg. FXTS 0.750' 1.25 60 Rich Gas· Lean Gas 56.0 Ne~r Inlet 

115 BJS Seg. PTFH 0.750 1.67 90 water Proc. Gas 69.0 Noise 

* For definitions, see Standards of Tubular Exchanger Manufact.urers' 
Association, Sixth Edition, 197~. 
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DOE/ANL/HTRI HEAJ' EXCHANGER TUBE VIBRATION DATA FORM 

To protect the identity of the organization submitting this case, ~TRI 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. 

2-3 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2· 

I 
Assigned · 

· . Case No. 101 

Type B TEMA Exchanger Designation ---'~oL.lo.E._.M........_ _____ _ Shell Orientation .l!lHorizontal 

DVertical 0 Special Exchanger (Describe) _________________ _ 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter,.mAl (in.) __ l.f....._]L.l,c..oZ...__ ________ _ 

Wall Thickness, mm (in.) Material _______ . 

Inlet Nozzle ID,-mRl (in.) _ __,'l...,O~· --'-------­
Outlet Nozzle ID, ~RH~ (in.) -~'t!lo:!O~--------

Impingement Protection ANo · 0 Yes 
(Describe) ___________ ____c_ __ _ 

Auuula1 DlsllilJuluJ .Rl,Nu DYe~ 

Open Cut Area mm2 (in. 2)------'-------,:=--­
Nozzle·to-First Tube Row Distance,.mm (in.) 3, c;; 
CROSS BAFFLE GEOMETRY 

Type ilSegmental; D Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 

Baffle Cut,% Shell Diameter _·___.2,_,5'--------­
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle JilPerpendicular 0 Parallel 04_5° 
Central Baffles Jii(Perpendicular 0 Parallel; 0 45° 

Baffle Thickness,.JRH~ (in.)~ Material __ .....:1'----­
Diametral ciearances Shell·to·b~ffle, ii'M'ft (in.) 0 • \\1? 

·Tube-to-baffle fRI'ft (in.) 0 • 0 I 
Bundle-to-shell, .fftfM (in.)_'-1~---

Number of Baffles Along Length of Shell _ _:'3=----­
Hatne Spacing,iO'Mft (in.) __ Centrai_2.,__.'\..o..:.b"'"-----

lnlet l{) ,] Outlet _....:;1..(,_).._,::....1.._· ___ _ 

Unsupported Tube Span Lengths.~ (in.)_·----­
Longest J 1. ~ Inlet 1 l. 3 Outlet _l...L..l.7_._. :J.~~--

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate inlet nozzles with on arrow. 

.. 

Indicate top ol eJ<changer as mounted 

by filling In appropriate arrow. 

I 

TUBE GEOMETRY 

Outside Diameter ,-fftm (in.) _ ___,0:...:•_.7...;:S:;~.~0....,__'-------­
Wall1llickness,fftm'"(ln.).Q·O!~ Matcrial.J.Ql( SS 
Tube Lengths 

Straight Tube, In~ide Tubesheets,""" (in.) I $":2 
U-Tube, Tubesheet_to Bend Tangent, mm (in.) ___ _ 

Tube Pitch,.- (in.) __ \'-'·-=o....::o'-·--------
1 aynnt (PIP.aSP. C.ir~-:··< 

Aow~~~c&~O 
No. of Tubes No. of Tubepasses _..:..__ __ _ 

First Tubepass 0 Countercurrent 

Tube-to-Tubesheet Joint 

0 Cocurrent 

l2J Welded .D Roller Expanded 
IfU-Tube 

0 Other ____ _ 

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

0 Perpendicular 0 Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Fins/m {Fins/in.) - Fin Material -----
Diameter, mm {in.), Root=- Over Fins _____ _ 

If Enhanced Surface Tubes-----------~ 

(Describe) 

DETUNING BAFFLE 

If Detuning Baffle Used to Control Acoustic . 

Vibration, Indicate Position on Sketch Below 

2-4 

Show shellslde Inlet nozzle location, bailie cut 

orientation, and impingement devices. 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Reference Condition A 

Tubeside '' Sbellside 

Flow Rate, ~(l03lb/hr) "2 lr?4 ' 
Inlet Temperature, €-(F) · b'i.g 31.~ 
Outlet Temperature, e (F) 5~." 61./.5 
Inlet Pressure,~ (psia) Absolute . '31o '370 
Measured .1P,ltP& (psi) CALCoLf.Ht 0 O.?J"i o.q 
Inlet Weight Fraction Vapor \.0 1.0 
Outlet Weight Fraction Vapor 1.0 !.0 
Vibration Observed DNo liliYes 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside 

" 
,, ' 

Fluid Name C.\1'1' GAS 
Reference Temperaturr €"(F) ~lf .~ 5?>,b 
Liquid Properties at Reference 

Temperatures 

Density, kg/m 3 (lb/ft3
) ~ ~ 

Viscosity, mPa·s (cP) .............. ~ 
Thermal Co11ductivity, W/m·C (Btu/m ft F) ~ ~ 
Heat Capacity, kJ/kg·C (Btu/m ft F) ----- ~. 

. Vapor or Gas Properties at 

Reference Temperatures . 

Density, ~ (lb/ft3
) o.'~t o.Bt 

Viscosity,~ (cP) . 
Thermal Conductivity, W~ (Btu/hr ft F) 

Heat Capacity,-kJ/kgaG (Btu/lb F) 

• Fluid Molecular Weight,~Ob/mole) 
If Boiling or Condensing 

Latent Heat,~ (Btu/lb) -

2-5 

Assigned 

Case No. 101 

Page 3 

Reference Condition B 1 

Tubeside Sbellside 

DNo DYes 

SheUside 

''cIT'( GAs'' 
. 

~ 1.':1_ ~ l.f.S 

--............. -----.. ......_ 
~ v--
~ ---.... 

/' -·----.... 

o.8~s o.~z.~ 

0,0 I"''- 0 ._()_f!t b 

--



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

Assigned 
Case No. tOt 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate,~ (103 lb/hr) 12'1 
If Known, Crossflow Velocity at baffle tip,~ (ft/sec)• 

Crossflow Velocity at centerline, ~ft/sec)• 

Velocity Through Window· in Baffle,m/6 (ft/sec)• 

Inlet Nozzle Velocity,~ (ft/sec)• 
t----------- -----------. ··-·· ----------- f-·--·---- ·--------

Outlet Noa.le Vlllodty,m/ft-(ft/~e~:)• 

Mell!lurcd Noturnl Frequency, Hz 

Measured Acoustic Frequencies, Hz Not~t fJol~ 
Noise Sound Level, db 

• Please describe bow velocities were calculated or estimated. 1-ii~l St-'-i C0!'-1 f'VI€ ~ PR06!~~M 

Vibr'ation Caused by External Sources B. No DYes '• 

Source Frequency, Hz rpm 

0 Machinery · 0 Piping 

' 0 Cavitation 0 Pulsating Flow 

Damage Noted bit No 

0 Yes Complete sketch at bottom of page indicating location in b!Jndle 

Type 0 .Tube-to-Tube Impact 0 Cutting at Baffle 0 Near Tubesheet 

0 Tube-to-.Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

· 0 All Around Tube Circumference 
0 Corrosion Evident 0 Fouling Eviu~::nt 

0 General Dc~criplion of Damage --·-----------·-·----~- _ 
---··-------w--•••-•--•••••• •••••- -• ••·--- ·--··----·•----·-·--·-·------· • -··-·--·-----·---

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

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

0 Start-up 0 Plant-Upset 0 Shutdown 
. 

Describe 

~ If Vibration Remedy Applied, Describe and Indicate Results: 

---·- --
TUBEBUNDLEDAMAGESKETCH 

r- r-

0 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
•';,, 

To· protect the identity of the organizatio_n submitting this case, HTRI. has 

' assigned a case number. Additionally thedata on pages 2, 3, and 4 have been · 

reviewed to ensure tlult they do ~ot include any propietary information. 

Assigned 

Case No. 102 . 

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

additionil.l comments, drawings, photographs, etc. 

Summary 

This 44-in. diameter by 12-ft long BEJ TEMA style heat exchanger 
with segmental baffles had propylene 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. 
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DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM . Page2 

I 
Assigned 

. Case No. 102 

Type 'Jill TEMA-Exchanger Desigriation _ ____.B.._.T><....o.M_._· ____ _ Shell Orientation Rl Horizontal 

DVertical D Special Exchanger (Describe)------------------

SHELL GEOMETRY (Complete Sketch Below) 

IIi side Diameter, fltHl (in.) --~...1......1"1'---------=----
Wall Thickness,-mm {in.) ___ Material _____ _ 

Inlet Nozzle ID,Htm(in.) "2.0 (Two) 

Outlet Nozzle ID, fMffl (in.) _ ...... 2_,4.__~-------

Impingement Protection li!INo DYes 

(De~ribe) ____ ~--------------------
Annular Distributor BINo DYes 

Open Cut Area RHft2 (in.2 ) __________ _ 

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

CROSS BAFFLE GEOMETRY 

l'ype 1!i1 S~~ental; D Double-Segmental 0 Disc/Doughnut 

D Triple-Segmental; D No-Tubes-in-Window 
Baffle Cut,% Shell Diameter _ ___,l.{ubio£_ ______ _ 

Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle D Perpendicular Iii Parallel D 45° 
Central Baffles D Perpendicular SParallel D45° 

Baffle Thickness, fRA'I (in.)~ Material ---------­
Diametral Clearances Shell-to-baffle, Htffl (in.) 0~ 'L1.'i 

Tube-to-baffle~ (in.) 0 ~o 15 b2.$ 

Bundle-to-shell, ~(in.) 0~$0 

Number of Baffles Along Length of Shell __ L...Lj ___ _ 

Baffle Spacing,-Rm~ (in.) __ Central 2 b I 37,£ 
Inlet 29 ,] c) Outlet 1. S I 'b 15 

Unsupported Tube Span Lengths, fftfft (in.)----=-­
Longest 5 b.]S" Inlet $' (..1 S' Outlet t?~ •, '15 

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

t + 

Flxecl Tuboshool 

I I 1 

C= t c:::;> Indicate top of exchanger as mounted 

by filling In appropriate arrow. 

.. 
I 

I 
-

TUBE GEOMETRY 

Outside Diameter, 1RHt(in.) __ ...,o'-';_.?_$,D...._ _____ _ 
Wall Thickness1-fftm (in.) O.Ob!i' Material ADMIRALTY 
Tube Lengths · 6tA~ 

Straight Tube, Inside Tubesheets,""" (in.) \4 O, Z.~ 
U-Tube, Tube~heet· to Bend Tangent,~ {iii.) ___ _ 

Tube Pitch, tMt (in.) __ O.;:_:_,q-'-';!<...7__,:;,:...-______ .;__ 

Layout (Please Circle) ~5~~90~, Flow 3oo~~W 
Nu. uf Tu~R:~ Nv, vf Tub~p~~:; _...;,_ __ _ 

First Tubepass 1!!1 Countercurrent .B Cocurrent 

Tube-to-Tubesheet Joint 
D Welded B Roller Expanded D Other ____ _ 

If U-Tube 
Maximum Bend Radius, mm.(in.)_......;., _____ _ 

Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

D Perpendicular D Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Fins/m (Fins/in.) _-____ Fin Material _______ _ 

Diameter, mm (in.), Root-=-- Over Fins _____ _ 

If Enhanced Surface Tub~:s ------------

(Describe) 

DETUNING BAFFLE 

If De tuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

2-8 

Show shell side Inlet noz.zle location, baffle cut 

orlent,.tlon, and Impingement devices . 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page3 

Assigned I' 

C::C~ase~N~o·==1 0:::2===-_j- · 

PROCF$S CONDITIONS 

Reference Condition A Reference Condition B 
- Tubeside SbeUside Tubeside SheUside 

Flow Rate,~ (103 1b/hr) 1. b7h 
Inlet Temperature, €-(F) ?5 J<i2 
Outlet Temperature, e (F) I_1.D . _100 
Inlet Pressure, *Pit (psia) Absolute G,q,7 13Co 
Measured ~P. ~(psi) . I Z. .'1 4.0 
Inlet Weight Fraction Vapor 0 ., 0 
Outlet Weight Fraction Vapor 0 1.0 
Vibration Observed' ONo Ill Yes ONo DYes 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside Sbellside. 

Fluid Name C.ooc..rNG. WAI~K YRoP'(LENE 
Reference Temperature,~ (F) IOO 1~'4 
Liquid Properties at Reference 

Temperatures 

Density, .JEgfffi3 (lb/ft3
) ~ -~ 

Viscosity, mP-&A& ( cP) ..........__ -----Thermal Conductivity,~ (Btu/m ft F) 

----- ---· Heat Capacity ;~J/kg-t: (Btu/m ft F) ~ ----Vapor or Gas Properties at 

'Reference Temperatures 

Density, *t;ftR3 (lb/ft3
) ~ ~ I ·b'L J,q'-{ 

Viscosity ,-mPa--s ( cP) ~ /' o.oo~7 o .oa1.C:: 
Thermal Conductivity..:W/m.C (Btu/hr ft F) > 
Heat Capacity, klfkg-€ (Btu/lb F) / ~ 
Fluid Molecular Weight,~ (lb/mole) v ~ 

If Boiling or Condensing 

Latent Heat,~ {Btu/lb) - -

2-9 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

Assigned 
Case No. 102 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate,. (1 03 lb/hr) b1fo 
If Known, Crossflow Velocity at baffle tip, m/&(ft/sec)• 1..7.~ 

Crossflow Velocity at centerline, m/f, (ft/sec)• 'J..h~ 
Velocity Through Window in Baffle, m/4; (ft/sec)• 1'1,.<6 
Inlet Nozzle Velocity,-IR/&-(ft/se~)• ~";.!./ 
Outlet Nozzle Velocity,~(fi/sec)• 

Measured Natural Frequency, Hz 

Measured Acoustic Frequencies, Hz ; 

Noise Sound Level, db 

• Please describe how velocities were calculated or estimate'd. 

Vibration ·caused by External Sources. ONo CJYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

0 Cavitation 0 Pulsating Flow 

Damage Noted 0 No 

)i( Yes Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact )!(Cutting at Baffle O.Near Tubesheet 

o T~be-to-Shell Impact 0 Tubesheet Joint Leaking El Fatigue 

Wear. 0 ·One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

0 All Arou~d Tube Circumferllnct 
0 Corrosion Evident 0 Fouling Evident. ' 

0 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 

0 Start-up 0 Plant-Upset 0 Shutdown 

Describe· 

"' If Vibration Remedy Applied, Uescribe and Indicate Results: 
. . . 

TUDE DUNDLE DAMAGE SKETCH ' 

r- ~ 

0 
._ L.. 
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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 

~gned a case number. Additionally the data on pages 2, 3, and 4 have been 

r_eviewed to ensure that they do not include any propietary iriformation. 

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

additional comments, drawings, photographs, etc. 

Assigned 

Case No. 
103 

Summary 

This 20-in. diameter by 7-ft long AEP TEMA style heat exchanger 
with ~egmental baffles had water on both the shell side and the 

tube side. The inlet'nozzle orientation was such th~t its 
centerline intersected the baffle cut at 450. The baffle cut 
was 45 percent of the shell inside diameter which results. in 

little crossflow. The tube d~ge 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 • 

. 2-11 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM. Page2 

I 
Assigned 

_Case No. 103 

Type Ill. TEMAExchanger Designation _J.A:u..E.._,P'--------,---- Shell Orientation l!!l Horizontal 
OVertical 0 Special Exchanger (Describe)------------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, iMR (in.)_--'1'--9..,.'-"1._.':2'---------
Wall Thickness,*Yft (in.) Material _____ _ 

Inlet Nozzle ID, IRAl (in.).,.._ --'-!'"---------
Outlet Nozzle ID, ft'lm (in.) _ ___,_..._ _______ _ 

Impingement Protection liJNo DYes 
(Describe) ______________ _ 

Annular Dislrlbulur fi![Nu 
Open Cut Areamrrl (in.2 ) _________ _ 

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

CROSS BAFFLE GEOMETRY 

Type. JlSegmental; 0 Double-Segmental 0 Disc/Poughnut 

0 Triple-~egmental; 0 No-Tubes-in-Window 
Baffle Cut,% Shell Diameter __ 4_,._,.-i"--------­
Cut Orientation Relative to Axis of Jnl~t Nozzle 

Inlet Baffle 0 Perpendicular 0 Parallel lil45° 

Central Baffles 0 Perpendicular 0 Parallel Jll( 45° 

Baffle Thickness,.JRm (in.)~ Materijil -----­
Diametral Clearances Shell-to-baffle, HKit (in.)· 0. \ "i I 
. Tube-to-baffle Am~ (in.) 0 .0 I CJ 

Bundle-to-shell, Am~ (in.) 1. ,g I Z. 
Number of Baffles Along Length of Shell ___ 3"-----
Hatue Spacing,-RW (in.) __ Ce!ltral _ _.l,_,\.__ ___ _ 

. Inlet 1- I · Outlet _ _.1.;....;1,__ ___ _ 

Unsupported Tube Span Lengths,== (in.)------
Longest L{ 1. Inlet Outlet-------

COMMENTS AND SKETCH _ 

·Complete sketches by drawing In tubeslde and shellslde nozzles. 

lndic-l!lt., lniP.t no7,~1es with an arrow. 

F'lxod fubesheet 
- I 

TUBE GEOMETRY 

Outside Diameter, I'IMft (in.) __ _,0""',.._(~..._1.S=--:.....---=----­
Wall Thickness,4RM (in.) O.O'{Cj Material qo/10 W Ni 
Tube Lengt~ 

Straight Tube, Inside Tubesheets,tRHt-(in.)_~=.-_..'1 __ _ 

U-Tube, Tubesheet to Bend Tangent,-m~R (in.) ___ _ 

Tube Pitch, tmn"(in.) __ Q;::_;,'-'-'1::::SO=------"----
Layout (Plc-11~<." Cir~ . 

. flow ~~~A~O 
No. of Tubes '1 OJ _ No. of Tubepasses I 
_First Tube pass 0 Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint 
0 Welded )!(Roller Expanded 0 Other ____ _ 

· lfU-Tube 

·Maximum Bend Radil.!s, mn:t(in.)------'---
Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular 0 Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Fins/m (Fins/in.) ___ Fin Material _-_-_· __ _ 

Diameter, mm (in.), Root-=- Over Fins-----:­

lf Enhanced Surface Tubes------.,-------

_ (Describe) 

DETUNJNG BAFFLE 

If Detuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shellsld~ Inlet noz_zle location, baffle cut 

orientation, and Impingement device$. 

Indicate top ol exchanger u mounted 

by filling In appropr_late arrow. 2-12 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Row Rate, ~(103lb/hr) 
Inlet Temperature, 'C'(F) 

Outlet Temperature, e-(F) 

Inlet Pressure, kP:r(psia) Absolute 

Measured L1P, ltPe (psi) 

Inlet Weight Fraction Vapor 

Outlet Weight Fraction Vapor 

Vibration Observed 

FLUID PHYSICAL PROPERTIES 

Fill In AU Applicable Entries 

Auid Name 

Reference Temperature, C (F) 

Liquid Properties at Reference 

Temperatures 

Density, kg/m3 (lb/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 3 (1b/ft3
) 

Viscosity, mPa·s (cP) 

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

Heat Capacity, kJ/kg·C (Btu/lb F) 

Auid Molecular Weight, kg/mol (lb/mole) 

If Boiling or Condensing 

Latent Heat, kJ/kg (Btu/lb) 

Reference Condition A 

Tubeside · Shellside 

~00 - ---

-·--. -- \40 
·- '~<{ 

- "3() 

0 
0 

ONo ~Yes 

Tubeside 
-

WA"T(:; R 

~ 
~ / 
~ / 

) < 
/ ~ 

/ "" 

/ 

I 
Assigned 

· CaseNo. 103 

Page3 

Reference Condition B 

Tubeside Shellside 

ONo DYes 

Shellside 

WATE:fl. 

~ 
~ / 

~ / 
IX 

/ ~ 
/ """ / "-I./ 

2-13 
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DOE/ ANL/HTRI HEAT EXC~GER TUBE VIBRATION DATA FORM 
Page4 

., Assign~ 
103 

Case No.-------

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, kWs (1 0 3 lb/hi) eoo 
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/se,c)• -
Outlet Nozzle Velocity, m/s (ft/sec)• 

Measured Natural Fn:gyencv. !Y 
Measured Acoustic Frequencies; Hz 

Noise S,ound Level, db , .. 
• l'lease describe how velocities were' calculated or estimated. 

Vibration Caust:d by External Sources ONo DYes .. 
Source Frequency, Hz rpm 

0 Machinery 0 Piping·. 

0 Cavitation 0 Pulsating Flow 

Damage Noted ONo 

}fYes Complete sketch at }>ottom of page indicating location in bundle 

Type ,li( Tube-to· Tube Impact 0 Cutting at Baffle D Near Tubesheet 

·0 Tube-to-Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear 0 One Side of Tubes.Only 0 Parallel to Flow · . D Normal to Flow 

D All Around Tube Circumference 
C Corrosion Evident lJ Fouling Evident 

0 General Description of Damage TUS£S 5YLI T AtJO lt'A~ItVG. 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

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

.. ·ostart-up D Plant-Upset DShutdown 

Describe 

~ If Vibration R~medy Applied, Describe and Indicate Results: 

TUBE BUNDLE DAMAGE SKETCH 

r- r-

0 
... -.. 

2-14 



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

To protect the identity of the organization submit~ing 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. 104 

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

I 
Assigned 

. Case No. 104 

Type il' TEMA Exchanger :Designation ---"-A->-=~'-"S"------- Shell Orientation 
t.JOT G.IV€1\l 

d Horizontal 

. DVertical D Special Exchanger (Describe) _________________ _ 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, AWa.(in.) __ _J.I..lOOws...~.l..:~b~~t.-:.-----
Wall Thickness,.mm (in;) Material _____ _ 

Inlet Nozzle ID, fRHt (in.) _ _.:::5=------------
0utlet Nozzle IP, mm (in.) _ _,S"'-·---------
Impingement Protection 

(Describe) 
18No DYes 

Annulor Dintributor ~No DYe~ 

Open Cut Area Htl'ft
2 

(in.2>-------.....---­
Nozzle-to-First Tube Row Distance,.RHR"(in.) 

CROSS BAFFLE GEOMETRY 

'fype )!(Segmental; D Double-Segmental 0 Disc/Doughnut . 

D Triple-Segmental; D No,Tubes-in-Window 

Baffle Cut,% Shell Diameter~· _'+..:......::.5' _____ -=----
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle D Perpendicular D Parallel )8( 45° 
Central B_affles D Perpendicular D Parallel )( 45° 

Baffle Thickness,~ (in.)~ Material ------
Diametral Clearances Shell-to-baffle, ~(in.)_...,D:...-~O:.J9uOL-_ 

Tube-to-baffle lftftt (in.)-. ---'0,_._, 0~\_9.___ 
Bundle-to-shell,~ (in.)_2AA.I.t2~3_,.b.__ 

Number of Baffles Along Length of Shell·_. _ _.s.b~--­
Daffie 3val:iug, ~(ln.) __ Ce~mil ----'-'1 0""'·'------

lnlet 10 Outlet _...,.....I-=0'------

Unsupported Tube Span Lengths, MM-(in.) -----­

Longest 1.0 Inlet 1..0 Outlet _ _.2""-'0=-----

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellsld_e nozzles. 

Indicate Inlet nozzles with an arrow. 

Indicate top of exchanger as mounted 

by filling In appropriate arrow. 2-16 

TUBE GEOMETRY 

Outside Diameter, HHft (in.) _ ___,.O<..:'-"'(.'-""l.o.!~~----'----­
Wall Thickness, Rtft'l (~.) 0 • Oft>~ Material rtofto CoNi 
Tube Lengths . 

Straight Tube, Inside Tubesheets,-RMfl (in.)_7.L:O""'-----
U-Tube, Tubesheet to Bend Tangent, flHft-(in.) _-__ _ 

Tube Pitch, Mtm (in.) ____ QJ~Q ______________ _ 

First Tubepass 0 Countercurrent 

Tube-to-Tubesheet Joint 

D Welded D Roller Expanded 

If U-Tube 

D Cocurrent 

D Other AJOT G nJE;P 

Maximum Bend Radius, mm (in.)-------­

Bend Orientation. Relative to Axis of Shellside Inlet Nozzle 

D Perpendicular 0 Parallel 

If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Fins/m (Fins/in.) Fin Material ____ _ 

·Diameter, mm (in.), Root-=- Over Fins--'-----

If F.nh~nr.P.rl Surf;~~e T\!bes ---~~------­

(Describe} 

DETUNING BAFFLE 

If Detuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shell side Inlet nozzle location, baffle cut 

or !entation, and Impingement devices. 



DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Flow Rate,¥ (lO~b/hr) 
Inlet Temperature,-€- (F) 

Outlet Temperature,-€ (F) 

Inlet Pressure, W. (psia) Absolute I 

Measured LiP,.Jdla (psi) I 

Inlet Weight Fraction Vapor 

Outlet Weight Fraction Vapor 

Vibration Observed 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries 

Fluid Name 

Refer.ence Temperature. C (F) 

Liquid Properties at Reference 

Temperatures 

Density, kg/m3 {lb/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/m3 (lb/ft 3
) 

Viscosity, mPa·s (cP) 

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

Heat Capacity, kl/kg·C (Btu/lb F) 

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

'if Boiling or Condensing 

Latent Heat, kJ /kg (Btu/lb) 

Reference Condition A 

Tubeside Shellside . 

IO,t..(7b 

t (;, "3.7 5~0 .... 

\10 ,(,. 'ZSO 
,,~ 

\ .o 
t.O 

0 No · lll.Yes 

Tubeside 

WAlE~ 

•' 

' 

~ / 
~ / 
~ ~ 

·- > K" 
/ ""'-

/ ~ v ""' 
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Reference Condition B 

Tubeside Shellside 

ONo DYes 

Shellside 

Atr{ 

" 
' 

~ 

~ ~ 
~ ~ 
~ ~ 

~ -----



DOE/ ANL/HTR,I HEAT EXCHANGER TUBE VIBRATION DATA FORM 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate,~ (103 lb/hr) · I o. '17" 
If Known, Crossflow Velocity at baffle tip,~(ft/sec)* 

Crossflow Velocity at centerline, rrtfs- (ft/sec)* b'2..~ 
Velocity Through Window in Baffle,..mJ,s (ft/sec)* 1..1 
Inlet Nozzle Velocity, mh (ft/sec)* (o'l' 
Outlet Nozzle Velocity .~(ft/sec)*. 

. 
Measured Nat11ral Frequency, Hz 
Measured Acoustic Frequencies, l'lz 
Noise Sound Level, e fJDI?€ ~Ot:EO 

• Please describe how velocities were calculated or estimated. 

Vibration Caused by External Sources ONo DYes !1. Po~r~l£ 
Source Frequency, Hz 

0 Machinery 

0 Cavitation 

Damage Noted ONo 

., Assigned 

_ Case No. 

-

rpm 

0 Piping 

0 Pulsating Flow 

aYes Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact )a: cutting at Baffle 0 Near Tubesheet 

U Ttibe-to-Shelllmpact u 'fubesheet Jmnt Leaking 0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 
0 All Arnunrl Tul;tP. ('irrumfP.rP.nt;P 

D Corrosion Evident D Foulina Evident 

. ' 

0 General Description .of Damage 8L! Tll&ES ·sl::iQw£a E~IQEfJC~ 
CVTTt~{"!: AT EACH ~A£f! .. .E 

Exchanger Operation· History 

• How Long on Stream Before Damage Occurred? 

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

OStart-up 0 Plant-Upset 0 Shutdown 

Describe 

.. ~ Jl Vibration Remedy ~pplled, Describe and Indicate Results: 

. 
TUBE BUNDLE DAMAGE SKETCH 

r- r-

0 .. 
' 

'- -
2-18 
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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 da.ta 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 I that provides space for 

additional comments, drawings, photographs, etc. 

Assigned 

Case No. 
105 

Summary 

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 tube span for baffle window tubes at the 
inlet·and the outlet greatly exceeded the TEMA Standards for 
maximum spans for l-in. carbon steel tubes. However, for this 
case no vibration was noted for the given flow rates. Information 

is limited to that presented on data form. 

2-19 

Page I 



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

I 
Assigned 

_ Case No. 105 

Type 'R( TEMA Exchanger Designation _ ___.A~E_I.l-._ ____ _ Shell Orientation Ji!(Horizontal 

OVertical 0 Special Exchanger (Describe)------------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, ~ (in.) __ ~!>"--_,_1!.... '?l..c-. _____ _ 
Wall Thickness.~(in.) ___ Material _____ _ 

Inlet Nozzle ID, ~(in.) _ _.'l .... 1....,_ ..... 0'---------
0utlet Nozzle ID,""" (in.) __..'l:..aol...,..B...._ ______ _ 

Impingement Protection J(No DYes 

(Describe) ___ -'------------

Annulnr Dictributor Jiiil No CJYoo 
Open Cut Areamm2 (in.2 ) __________ _ 

Nozzle-to-First Tube Row Distance, RHft (in.) ~ ,t{ f 

· CROSS BAFFLE GEOMETRY 

Type l!!(Scgmental; 0 Double-Segmentai 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 

Baffle Cut,% Shell Diameter-----'--+-------­

Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle 0 Perpendicular Ill Parallel 0 45° 

Central Baffles 0 Perpendicular jiil'Parallel 0 45° 

Baffle Thickness, fRH'I"(in.) 0,(:,'1..£ Material _____ _ 

Diametral Clearances Shell-to-baffle,-HMH (in.) _ __,0-..:·-=1.:..:"1=--­
Tube -to-baffle fflfl't-(in.) _ _:0~, 0~1.,::,___ 

_ Bundle-to-shell, fftft\-(in.) _ __,?J'-'-,l_,_'-1--L--_ 

Number of Baffles Along Length of Shell --~b'-----
Baffle Spacil'tg, ~(iii.) __ C~n tral _ __...3'--'1-'-'._..r .... ;~--­

Inlet S'~· 5 Outlet ----''f...,O~S'-'(QO£.-__ 

Unsupported Tube Span Lengths, fftffto{in.) -----­
Longest 9 0 .I S' Inlet 90. I 5 Outlet _7~5_,_. '2.~1 __ 

COMtdENTS AND SKETCH 

Complete sketches by drawing In tubeslde and Shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

Indicate top ol exchanger as mounted 

by filling In appropriate arrow. 2-20 

TUBE GEOMETRY 

Outside Diameter,HHD (in.)_-->o<.,_,_,._.. _______ _ 

Wall Thickness.~(in.) O.OJg Material_,C~S"---­
Tube Lengths 

Straight Tube, Inside Tubesheets, *""!(in.) 22 'i.G.~ 
U-Tube, Tubesheet to Bend Tangent, fRfR-(in.) ___ _ 

Tube Pitch; -mm (in.) __ _,_l .:.:' '2=.:"=----------

Uyovtm::Or'~~' tx> ~l§?~w.o 
No. of Tubes I !i () 'i Nu. uf Tube passes _....:').;..:._ __ 

First Tube pass .D Countercurrent jj Cocurrent 

Tube-to-Tubesheet Joint 

~elded 0 Roller Expanded 0 Other ____ _ 

IfU-Tube 

Maximum Bend Radius, mm.(in.)-------­

Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular 0 Parallel 

If Bend Supported, Describe in Comments Below 

If Finned Tubes 

~(Fins/in.) Fin Material-----
Diameter,-mm(in.), Root.::::..._ Over Fins _____ _ 

.If Enhanced Surface Tubes ___________ _ 

(Describe) 

DETUNING BAFFLE 

If De tuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shelislde Inlet nozzle location, bailie cut 

orientation, and Impingement devices. 



DOE/ANL/HTiU H'EAT .. EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONUITIONS 

Reference Condition A 

Tubeside SheliSide 

Flow Rate, .(103 lb/hr) ?>St 
Inlet Temperature,-G-(F) 11.{.7 w 
Outlet Temperature,.(;.{F) I 08 ~b 
Inlet Pressure, ltP& (psia) Absolute 

·~·- ' ~S.'f 'l_TI I 

Measured .6P,4tP&{psi) 

Inlet Weight Fraction Vapor 0 1.0 
Outlet Weight Fraction Vapor 0 l.Q 
Vibration Observed .Jl(No DYes 

FLUID PHYSICAL PROPERTIES 

Fill In AU Applicable Entries Tubeside 

Fluid NaJT~e WATEtZ 
Reference Temperaturr :€·(F) 

Liquid Properties at Reference 

Temperatures 

Density, kg,lrft 3 (lb/ft 3
) 

Viscosity,m~ (cP). 

Thermal Conductivity ,"W/Tf't6€-(Btu/m ft F) 
Heat Capacity, lt.J~Itg £ (Btu/m ft F) .. 

Vapor or Gas Properties at I 

Refer~nce Temperatures 

Density,~3 (lb/ft 3
) ~ / 

Viscosity, mPa ·s (cP) 

"""' 
./__ 

Tit erma! Conductivity,~ (Btu/hr ft F) ""'- / 
Heat Capacity, k~ (Btu/lb F) ) r;: 
Fluid Molecular Weight, ~l (lb/mole) / ""'-1---

~ lf Boiling or Condensing / 
Latent Heat, ~Btu/lb) v -~ 

2-21 
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Case No. 105 

a.•~ 

Reference Condi~ion B 

Tubeside SheUside · 

DNo DYes · 

... 
. Shellside . 

c1 Hz.: 
-zoi <iG:, 

•· 

~ ' 
~· 

~ ~ 
~ -........... 

~ .~· 

I 

I rl b \.~'2 .. 
_Q \'2.7 

-
·t 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page 4 

Assigned 
Case No. lOS 

VIBRATION AND DAMAGE DESCRIPTION ~o VIS~A1tC>fJ NOTED 

When Vibration Present, Shellside Aow Rate, kg/s (103 lb/hr) 

If Known, Crossflow Velocity at baffle tip;m/s (ft/sec)• 

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

Velocity Tlirousit Wind~\Y in Barlk:-m/s (ft/~ec)• 
Inlet Nozzle Velocity, m/s (ft/sec)• ----- ----------- -------- --·-- --.-----··-
Outlet No:ale Velocity, m/s (ft/sec)• 

Measured Natural Frequency, Hz 

Measured Acoustic Frequencies, Hz 
Noise Sound Level, db · 

• t'lease describe how veloctbes were calculated or estimated . 

Vibration Caused by· External Sources ONo . DYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

0 Cavitation 0 Pulsating Flow 

Damage Noted ONo 

0 Yes-" Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact 0 Cutting at Baffle 0 Near Tubesheet 

0 Tube-to-ShelllJ!!pact 0 Tubesheet Joint leaking 
I 
0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow. 

0 AU Around Tube Circumference 
0 Corrosion Evident 0 Fouling Evident 

0 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 

OStart-up 0 Plant-Upset 0 Shutdown 

Describe 

0 I( Vibration Remedy Applied, Describe and •Indicate R.estilts: 
.. 

TUBE BUNDLE DAMAGE SKETCH 

r r, 
t- ..... 

0 
r .. ,, 
C:\ ' ' I I ' \ \ 

~·· /' t:... / _., 
LJ 
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DOE/ANL/HTRI HEAT EX~HANGER TUBE VIBRATION DATA FORM 

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

assigned a case number. Additiona.tly 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 l that provides space for 

additional commen~, drawings, photographs, etc. , 

Assigned 

Case No. 
106 

Summary 

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 limite~ to that pre~ented on the data form • 

.I' 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM. Pagel 
r-------------------~ 

I 
Assigned 

·. Case No. 106 

Type fit TEMA Exchanger Designation ___ _.A--"--'E.=-'TL------ Shell Orientation Sl(Horizontal 

DVertical D Special Exchanger (Describe) _________ ~---------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, .JR~R (in.) __ _::;S_.J .... ; ... ~<---------
Wall Thickness,-fftm (in.) Material ___ __;_ __ 

Inlet Nozzle ID, !tiM- (in.)_-'1,!:!..;1,.._,!..!:<g'::-------­

Outlet Nozzle ID,Iftfft (in.)_1..f!>...!!'Z.L,'i~-------
Impingement Protection s:'No DYes 

(Describe) ______________ _ 

Annular Distributor Jill. No DYes 
Open Cut Area JAW2 (in.2 ) ___________ _ 

Nozzle·to·First Tube Row Distance, fftHt- (in.) I · ~ 7 

CROSS BAFFLE GEOMETRY 

Type )Sit Segmental; D Double-Segmental 0 DisciDoughnut 

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

Baffle Cut,% Shell Diameter ___ y._'iL--------
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle ~!!(Perpendicular .0 Parallel D 45° 

Central Baffles jli{Perpendicular DParallel D45° 

. Baffle Thickness,~ (in.)~ Material -----­
Diametral Clearances Shell-to-baffle ,.Rlfft- (in.) 0 • 'Z.. 1 

Tube-to-baffle~ (in.) 0,0'2. 
Bundle-to-shell ;IAAl {ln.) 3 .] '-1 

Number of. Baffles Along Length of Shell __ ___,3~----
Baffle Spacing,~ {in.) __ Ce!}tral -""-?,_..'j_,_.-'-'i_..tj ___ _ 

Inlet 40 • \ Outlet -~3,___,.'1..:...• .._3\f-4----
Unsupported Tube Span Lengths,.fRHl (in.)------­

Longest llf ,(a Inlet ]c.{,(? Outlet tzS?.K'Z. 

COMMENTS AND SKETCH. 

Complete sketches by drawing In tubeslde. and shell side nozzles. 

lndlc;.(tltt:t ln·let nozzles with an arrow. 

I 
~ t ~ Indicate top of exchang'i'r as mounted 

by filling In appropriate arrow. 

,TUBE GEOMETRY 

Outside Diameter ,.ftttn (in.) __ __,._.!......J~II--------------­
Wall Thickness, RMI't-(in.) 6 .oJS.7'{Material__,C,._.S'---­

Tube Lengths 

Straight Tube, Inside Tubesheets,-~RM(in.) ll13..'{&" 
U-Tube, Tubesheet to Bend Tangent, JRHto(in.) ___ _ 

Tube Pitch, MAr(in.) _ _,_l.:..;' L:..wh'---------:----
Layout (Please Circle) ~ 

300 9-- 45° . (U 9011 9 ,. (/ 
Flow ......_ V - --0-0 

No. of Tu~s l So~ No. of Tubepasses _':f __ _ 
First Tubepass D Countercurrent D·Cocurrent 

Tubc-to-Tubesheet Joint 
,_, Welded · D Roller EXpanded D Other _____ _ 

IrU-Tube 

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

D Perpendicular D Parallel 

If Bend Supported, pescribe in Comments Below 
If Finned Tubes 
~ (Fins/in.) Fin Material ____ _ 

Diameter.~(in.), Root __ Over Fins-----,-----­

If Enhanced Surface Tubes----------------------

(Describe) 

DETUNING BAFFLE 

If Detuning Baffle Used to C~ntrol Acoustic 

Vibration, Indicate Position on Sketch Below 

2-24 

Show shellslde Inlet nozzle location, baffle cut 

orientation, and Impingement devices. 
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DOE/ANL/HTRJ HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page3 

. I Assigned 

. · Case No. 1 06 

PROCESS CONDITIONS 

Reference Condition A Reference Condition B 

Tubeside Shellside Tubeside Shellside 
' 

.Flow Rate,~ (103 lb/hr) 40£ 
Inlet Temperature, € (F) 11(,. 1.ot 
Outlet Temperature, € (F) ~1.'; ·~(.. 

Inlet Pressure, -ltP!l (psia) Absolute 1..?7 
Measured M, lftT{psi) 

Inlet Weight Fraction Vapor 0 ,.o 
Outlet Weight Fraction Vapor 0 \.0 
Vibration ObServed ONo SYes ONo DYes 

·-

FLIDD PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside Shellside 

Fluid Name WATEQ c.."l. H~ 
Reference Temperaturr :€-{F) '2.01 
Liquid Properties at Reference 

Temperatures 

Pens!tY, ~3 (lb/ft 3
) ~ ~ 

Viscosity~(cP) ~ ~ 
Thermal Conductivity, Y1.Jm.!.G.. (Btu/m ft F) ~ .............. 
Heat Capacity ,-kl/kg-t. (Btu/m ft F) ~ ~ 

Vapor or Gas Properties at 

Reference Temperatures 

Density, ~3 (lb/ft3
) C'...... L 

Viscosity-rmP~·(cP) · 

"""" 
/ 0.01'2.7 

Thermal Conductivity, ~C (Btu/hr ft F) ""' / 
Heat Capacity, kJik.g--G (Btu/lb F) ) K 
f<luid Molecular Weight,ltgtft•ol Ob/mole) / "" U Soiling or Condensing / .......... 

f--- v "-J Latent Heat,ltJfkg (Btu/lb) 

2-25 



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

·Lj ~~~~~N~~~· ==·=•=o=s======~r 
VIBRATION AND DAMAGE DESCRIPTION . 

When Vibration Present, Shellside Flow Rate,~I03 lb/hr) 405 ' 
If Known, Cr"ossflow Velocity at baffle tip,~ (ft/sec)• ~ 

Crossflow Velocity at centerline, H+/-& (ft/sec)• 

Velocity Through WiJldow in Baffle,-mfs (ft/sec)• 

Inlet Nozzle Velocity ,-tttf& (ft/se,c)• 

Outlet Nozzle Velocity, Mf.r,.(ft/sec )• 

Measured Natural Frequency, Hz ' 

Measured Acoustic Frequencies, Hz 
·Noise Sound Level, db .. .. 

• Please describe·h'ow velocities were calculated or estimated. 

Vibration Caused by External Sources DNo DYes 

Source Frequency, Hz rpm 

0 Machinery D Piping 

0 Cavitation D Pulsating Flow 

Damage Noted DNo 

)(Y~s Comple.te sketch at bottom of page indicating location in bundle 

Type D Tube-to-Tube Impact 0 Cutting at Baffle )ii{Near Tubesheet 

0 Tube-to-Shell Impact Q 'fube&htlet Joint Leaking 0 F~tignP 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to F.Iow 

0 All Around. Tube Circumference 
0 Corrosion Evident o Fouling Evident 

0 General Description of Damage 

Exchanger Operation History 

• · How ~ng on Stream Before Damage Occurred? 

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

D Start-up .. 0 Plant-l)pset · 0 Shutdown 

Describe I 

• If Vibration Re111.:dy Applied, Describe and lndicat~. Re~nlts: - . 

. 
TUBE BUNDLE DAMAGE SKETCH 

r- r-

. 0 
'- ~ 
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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 

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. 

Summary . 

Assigned 

Case No. 
107 

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 exchang~rs were identical on the shell side and both 
experienced similar tube damage in the same locations of the 
e~changer. 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 foJ.lnd 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 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page2 

I 
Assigned 

_ Case No. 107 

Type )i(TEMA Exchanger Designation __ _,C=-=E=ML..L ___ f-'-1)(--=t=O'-- Tllse5HE€ c Shell Orientation ~Horizontal 

OVertical 0 Special Exch~ger (Describe)-------------~----

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter ,-fltffi (in.>---"""'-'--------­
Wall Thickness,_~ (tn.) I • S' Material_..::c:::....:>os'----
Inlet Nozzle ID,.mm.(in.) _ __._....._ ________ _ 

. Outlet Nozzle ID, ~(in.) _...J.....:!a_ _______ _ 

Impingement Protection 0 No )l(.Yes 
(Describe) ~1¥:-C.VLAP.., VlAIE. 16.~ ""00 

Annular Distributor Til No 0 Ye& 
Open Cut Area~(in.2) __________ _ 

Nozzle-to-First Tube Row Distance,fRfR (in.) ~,I 1. S. 

CROSS BAFFLE GEOMETRY 

Type 0 Se_gmental; )(Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 
Baffle Cut,% Shell Diameter '30.3 (I 'lonE ·O\JE\1-LAI>) 
Cut Orientation Relative to Axis ·of Inlet Nozzle 

Inlet Baffle 0 Perpendicular li!I:Parallel 0 45° 

Central Baffles 0 Perpendicular la:Parallel 0 45° 

Baffle Thickness,~ (in.) 0 • b 1. S Material C S 
Diametral Clearances Shell-to-baffle,"fl'tfff (in.) 0.\ ~ lS" 

Tube-to-baffle flm'!"(in.) 0 • 0 \ S'0 
Bundle-to-shell,~ (in.) I · 5 () 0 

Number of Baffles Along Length of Shell _ __,_I ,..<:,.__ __ _ 
Baffle Spacing,~ (iu.) __ Ct;nl•al __ 't=.t]...!.,_.,~'-----

lnlet -,o . '(, ·Outlet -~3<->0~• ~...__ __ _ 
Unsupported Tube Span Lengths, fflfJl (in.)-----­

Longest 51,"l Inlet ~1.4 Outlet --"'~-7'-'''--G'-----

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

-

I I l f r -/hll . 
-~C!YiC( 

Indicate top of exchanger as mounted 

by filling In appropriate arrow. 2-28 

TUBE GEOMETRY 

Outside Diameter,-fHRI (in.) _ _,O:::.._..?..c5_,.0.__ ______ _ 

Wall Thickness,~ (in.) o.ObS Materiai--:C ...... S'-----'-­
Tube Lengths 

Straight Tube, In~ide Tubesheets,mttt (in.) l{(,], I 
U-Tube, Tubesheet to Bend Tangent,iftfft'{in.) ___ _ 

Tube Pitch, mm (in.) _ _;:O=-:•::....q.L-'3L.!..7 ;;,""--------

Layout (Please Circle) ~ 
9 

Flow . J0° ~ ~f5!~/o tj 
N~. of Tubes l 110 No. of 1\1bep~$~!t ___ j .......... ···---
First Tube pass Ji( Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint 1\fo( G, \1 e: N 
0 Welded 0 Roller Expanded 0 Other ____ _ 

lfU-Tube 
Max1mum Bend Radius, mm (in.) _______ _ 

Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular 0 Parallel 

If Bend Supported, Describe in Comments Below 

If Finned Tubes 
li4w.lfm (Fins/in.) Fin Material ____ _ 

Diameter ,'ffim-(in.), Root_:::_ Over Fins--=::=----­

If Enhanced Surface Tubes~---~----

(Describe) 

DETUNING BAFFLE 

If De tuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shellslde Inlet nozzle location, baffle cut 

orientation, and Impingement devices. 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page 3 

~~ 107 j; 
~~~=====-_j l 

PROCESS CONDITIONS 

Reference Condition A Reference Condition 8 

Tubeside Shellside Tubeside Shellside 

Flow Rate,~ (103 lb/hr) -; '4 f ,c:; 1\0 
Inlet Temperature,~ (F) ·~q -'2.'?> g(o - 2._9 
Outlet Temperature,-G-(F) 1~ ~7 2b s<:o 
Inlet Pressure,.aa (psia) Absolute ' 10~5 IOI{~ 10·50 I'D'! f) 
Measured .:lP, JW!a (psi) 10 'l.D c; S? 
Inlet Weight Fraction Vapor 1.0 \.0 \{}_ 1.0 
Outlet Weight Fraction Vapor l.O 1.0 I.O l,() 
Vibration Observed DNo 5!Yes ,iiNo DYes 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside Shellside 

Fluid Name NATu.CJ..Ac... GAs + GL\"C..oL NA7UCZ..A!.... GAs 
Reference Temperaturr. C (F) 

Liquid Properties at Reference . 
Temperatures 

Density, kg/m3 (lb/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 3 (lb/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 (lb/mole) 

If Boiling or Condensing 
f-· 

Latent Heat, kJ/kg (Btu/lb) -- --
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

·I Assigiled 
. Case No. 107 I 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, .(103 lb/hr) 3c.t t.5" 
If Known, Crossflow Velocity at baffle tip, ~.(ft/sec)• 

- ·crossflow Velocity at centerline, rttf,t (ft/sec)• 

Velocity Through Window in Baffle,.m/&(ft/sec)• 

Inlet Nozzle Velocity,1'!!/s (ft/sec)• 

Outlet Nozzle Velocity, fft/.f, (ft/sec)• 

Measured Natural Frequency, Hz --
Measured Acoustic Frequencies, Hz 

Noise Sound Level, db 

• Please describe how velocities were calculated or estimated. 
" 

. 
Vibration Ca11sed by External Sources J5itNu DYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

0 Cavitation 0 Pulsating ~low 

Damage Noted ONo r 

Ji{Yes 
•· 

Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact 0 Cutting at Baffle 0 Near Tubesheet 

0 Tube-to-Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

0 All Around Tube Circumterertce 
0 Corrosion Evident [J Fouling Evident ,, 

,){ General :De~cription o( Damage 
11 

(?,IZ.OKE.N Tu~~s ()kj 6112~ Ot --
~!HJI)L~ ~E8~ hJ021.Lf~, 

Exchanger Operation History . 
. 

• How Long on Stream Before Damagt: Occurred? 

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

D Start-up 0 Plant-Upset D Shutdown 

Describe 

• TfVihr~ttion Remedy Applied; Descrihe and Indicate Results: 

TIJHE BUNDLE DAMAGE SKETCH 

r- ,..-

~--J· SUI<E:#J rr ·r~ TUe,E!, 
. ~ ~ ...___.. 

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

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 I that provides space for 

additional comments, drawings, photographs, etc. 

Assigned 

Case No. 
108 

Summary 

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 years at the design conditions. 
However, tubes began leaking where they were joined to the tubesheet 
in all three exchangers when the shellside flow rate was sub­
stantiaily increased beyond that used for design. The sketch. 
below indicates the location of •. these failures. The failed tubes 

.were characterized by particularly long spans in the outlet end 
zones. Minor cutting of the tubes at the baffles was also re­
ported. 

For this case, there are construction drawings and a field report 
describing the operating history, the damage noted, and the 
repairs made to the exchanger. 

OUTSIDE FACE OF TUBE SHEET 

I· ... -------•11-il 

2-31, 

TUBE SHEET 

HAND REAMED ONLY 
TO REMOVE SHARP 
CORNER. 
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'ooEiANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
~ . Page 2 

l
r-A-ss-ig_n_ed--~------------, 

_ Case No. 1 08 

Type ')if TEMA Exchanger Designation C E: M (FIXEQ !I.I&£5Ht::Ei) Shell Orientation 8 Horizontal 

OVertical 0 Special Exch.anger (Describe) _________________ _ 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, fiHR (in.) ____ .:::L.l'-----------------

Wall Thickness, fftftl (in.) ___ Ma teiial _ _,C~5"'----
Inlet Nozzle ID, RHR-(in.) __ -'\-'1'-'-.2t..L-_-.-____ __, 
Outlet Nozzle ID, ~(in.) _ _____.)_\_..J,]_._.9~_(>..----!"l,:!lt~. 61L.:;;l~~.t~Hk£.~..<LL.._C::::~) 
Impingement Protection )If No 0 Yes 

(Describe) __ _:._ _ __:_ _________ _ 

Annular Distributor lQ.No DYes 
Open Cut Area~ (in.2 ) _________ _ 

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

CROSS BAFFLE GEOMETRY 

Type 0 S<:gmental; 0 Double-Segmental 0 Disc/Doughnut 

J( Triple-Segmental; 0 No-Tubes-in-Window 

Baffle Cut, %Shell Diameter --~3.L'>2""--------­
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle 0 Perpendicular JiilParallel 0 45° 

Central Baffles 0 Perpendicula~ IIi{ Parallel 0 45° 

Baffle Thickness,.rm:ft-(in.) 0,(:.'2..; Material --'C.=-"'$ __ _ 
Diametral Clearances Shell-to-baffle, iRfft (in.) 0. "2. 3C't 

Tube-to-baffle HHfl (in.) Q,O tc.t 'f 
Bundle-to-shell, ~(in.) 0, 63'2. 

Number of Baffles Along Length of Shell ·1..1 
Raffle Spacing,.mm (in.) __ Central _ __:1__,~"-'''-"S..__ __ _ 

inlet. YD.G l Outlet _.:::14....,0wo..r.:.ht..o!z.L._ __ _ 

Unsupported J'ube Span Lengths, 1ltiM (in.)-----­
Longest ]],f:,?z Inlet 7 l ,(. l. Outlet r? • b 3 

COMMENTSANDSKETCH · 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

S\1£ u .. A 
Fixed Tuboshoet 

TUBE GEOMETRY 

Outside Diameter, HHtt (in.) _ __.o...LL.J"-S""-.... J.co'-------­
Wall Thickness, 1mr1 (in.). O.O(aQ Material__:C..::::.....:'5c__ __ 

Tube Lengt~s 

Straight Tube, Inside Tubesheets,.fRM (in.) 

U-Tube, Tubesheet to Bend Tangent, JRitt (in.) ___ _ 

Tube Pitch, mm (in.)_--"'0..:..' 'l_,_,~<-.:7:-.~.L..------.,----
Layout (Please Circle) · ~ 

30° ~ ~ 0_R~0°cr</ 
. Aow -v --yr -~ W 

No. of Tubes 7... \ ~ 0 . No. of Tubepasses _ __.I __ _ 

_ First Tube pass ~Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint 

0 Welded lii{ Roller Expanded 0 Other--.....,....-­

lfU-Tube 
Maximum Bend Radius, mm (in.) ____ _:._ __ _ 

Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular 0 Parallel 

If Bend Supported, Describe in_Coirunents Below 

If Finned Tubes 
~ (Fins/in.)· Fin Material ____ _ 

Diameter, ~in.),· Root -=- Uver hns ---------­

If Enhanced Surface Tubes----------~--'----------

(Describe)=~-~==::;::=======::J 
DE'fUNING DAfFLE 

If Detuning Baffle Used to Control Ac.;oustic 

Vibration, Indicate Position on Sketch Below 

Show shell side Inlet noz_zle location, baffle cut 

orientation, and Impingement devices. 

t· 

<;:::=> t c=:!) Indicate top of exchanger as mo~nted 
by filling In appropriate arrow. 

3 SHE.lLS HI ~f.~tES 
\toH lon~ tubes 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page 3 

Assigned 

Case No. 108 

PROCESS CONDITIONS 

Reference Condition A Reference Condition B 

Tubeside Shellside Tubeside Shellside 

Aow Rate, .(103 lb/hr) '?>2.0 
Inlet Temperature, e-(F) /_ lfl.AIIJ (j I= \ gt..(/5'1/t~ - 2& I t'{/t.t~ 
Outlet Temperature, G(F) t"'» IN t;€Kif:s/ b~/13/~ II lli/Wih5 
Inlet Pressure,.*P& (psia) Absolute I <.?3g' gJc; 
Measured AP, kPa (psi) 

Inlet Weight Fraction Vapor . l,o LO 
Outlet Weight Fraction Vapor r.o {,0 
Vibration Observed DNo Qll Yes DNo DYes 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside Shell side 

Auid Name NAI't.. (;A~ + GLYCOL N4T'c.. GAS 
Reference Temperaturr. e(F) ~, -(( -1.e 1S 
Liquid Properties at Reference 

Temperatures 

Density, kg/m 3 (lb/ft3
) ~ ~ ~ ~ 

Viscosity,mPa·s (cP) ~ L--" -........._ ~ 
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,~ 3 (lb/ft 3 ) 1.. ,?Of ~.<tc;, "?> ~? 1.. b2 . 
Viscosity,~ (cP) 

Thermal Conductivity,~ (Btu/hr ft F) 

Heat Capacity, U/Jtg· € (Btu/lb F) 

Auid Molecular Weight,~ (lb/mole) 

if Boiling or Condensing 

Latent Heat, ~Btu/lb) - -
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

108 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate,~ (103 lb/hr) 'bt.o 
If Known, Crossflow Velocity at baffle tip,~ (ft/sec)• ' 

Crossflow Velocity at centerline,fftjs (ft/sec)• 

Velocity Through Window in Baffle,~ (ft/sec)• 

Inlet Nozzle Velocity, m/9-(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 HNo DYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

0 Cavitation 0 Pulsating Flow 

Damage Noted DNo 

Jiif Yes Complete sketch at bottom of page indicating location in bundle· 

Type 0 Tube-to-Tube Impact lia"Cutting at Baffle' (Mrt-lo~) 0 Near Tubesheet 

0 Tube-to-Shell Impact li{Tubesheet Joint Leaking 0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Nonnal to Flow 

0 All Around Tube Circumference 
)it Corrosion Evident 0 Fouling Evident 

0 General Description of Damage IUfbE!l Lf~~ tblc; !.~H!€Kf Em.~EQ 
1N10 1 u~t:Sti E £ Ts 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? li l:e:8~ ~ 
J 

• Any Unusual Occurrence Observed Prior to.Vibrati.on as a Consequence of 

0 Start-up 0 Plant-Upset 0 Shutdown 

Describe I'-1~~£"AC.E0 ELDW V..~1E" s~'(at\Ja l2SSt6AJ 

• lf Vibration Remedy Applitll, DiE<;ribe :md lndi~!!tl' RP~Hlt~· - --

TUBEBUNPLEDAMAGESKETCH ' 

W~t;~~ ILlS~~ 
~ Q..o l Lt0 I AJ TIIGE~ 

·(~~~ 
AQ.E.A or 

./ ' ~ li TU~E 
I~ 

. ~ ) fA£L.URE 
II 

....... L-t.--
I 

'-

MOS. I FAILUReS IIJ S'\-I~LLS A AA.JO ~· 
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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 

reviewed to ensure that they do not include any propietary information. 

Tills is a replacement for the original page I that provides space for 

additional comments, drawings, photographs, etc. 

Assigned 

Case No. 
109 

Summary 

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 gas with glycol to prevent hydration on the tube side. 
Between exchangers the tubeside flow passes through an open 
shell section.about 4ft 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 ha~. 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
side flow bypassing at the top of the bundle. The maximum span 
lengths are less than the TEMA Standards maximum lengths for 
3/4-in. carbon steel tubes. 

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 the exchanger train. 
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DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2 

l
r-A-ss-ig_n_oo ______________ ~ 

. Case No. 1 09 

Type J( TEMA Exchanger Designation ---=C:....;· E:::::...LM...L_ ____ _ Shell Orientation .kHorizontal 

OVertical 0 Special Exchanger (Describe)-----------------------------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, - (in.) ____ ...,S;...;..__ ______________ _ 
Wall Thickness,HIIB:(in.) 1,7$ Material _ _,C-...Sc__ __ 
Inlet Nozzle ID,t~rm-(in.) 1.0 
Outlet Nozzle 10, mm (in-.)-__..1..!:;0'----------

Impingement Protection 0 No )(Yes • 
(Describe) 1,D,n. 00 B'r' ~/81'1. 

Annular Distributor fii{No DYes 
Open Cut Area~ (in.2 ) ____ - __ --,-___ _ 

Nozzle-to-First Tube Row Distance,-IARf(in.) ~. tz.s-
CROSS BAFFLE GEOMETRY 

Type 0 Segmental; .Di(Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 
Baffle Cut, % Shell Diameter _...,..-'3"'-'Q>C...:-, ]..___ _____ _ 

Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle . 0 Perpendicular P Parallel 0 45° 
Central Baffles 0 Perpendicular li'(Parallel 0 45° 

Baffle Thickness, -..(in.) Q, tz..;'Material __ .=C_,S'-----­
Diametral Clearances Shell-to-baffle,"ftlii'l (in.) 0.1.2 5" 

T~be-to-baffle lftfl'l (in.) 0. 015~ 
Bundle-to-shell.~(in.) 0. b'lS 

Number of Baffles Along ~ngth of Shell \ 5 
Baffle Spacing,~ (in.) __ Ct:ntral . 2q • ) 

Inlet. 32 J >" Outlet "3 2 .7:; 

Unsupported Tube Span l£ngths, mm (in.)----------
Longest b'l;.Z.') Inlet G:.Z .z~ Outlet t'? 2 .25 

COMMENTS AND SKETCH 

Complete sketches by drawing In tubesi.de and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

-~· 

TUBE GEOMETRY 

Outside Diameter,'oHWJt (in.) ---=0_,,_7...,,:>"""""0._._---.;. ____ _ 
Wall Thickness, ~{in.) O.OG~ Material-.cC=-S~--­
Tube Lengths 

Straight Tube, Inside Tubesheets, I"MMt (in.) lf 7~3 
U-Tube, Tubesheet to Bend Tangent,1RfR (in.) ____ _ 

Tube Pitch, mm (in.) __ _;t:.;.._oo~--------

Layout (Please Cirde) ~ 
30° 9--. ~ ~-A\! ooH 

Flow ~v ~ -~ 0--0 
No. of Tubes 1 Z!. 0 N~. Of Tubepasses r · 
First Tube pass )!(.Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint . 
0 Welded 0 Roller Expanded 0 Other fJO( G!UE/J 

IfU-Tube 

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

0 Perpendicular 0 Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes 
~{Fins/in.) ___ Fin Material ____ _ 

Diameter,.mfft(in.), Root-=- Over Fins ____ _ 

If Enhanced Surface Tubes------------------

(Describe) 

DETUNING BAFFLE 
. 

If Detuning' Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

' I 

Show shellsld~ Inlet nozzle location, baffle' cut 

orientation, and Impingement devices. 

T~Af.V Of Two SI-!EllS ltJ ilA ~ALC..fl... 
t . Two ~A((AltEL TIZAt.V'5 

C= =:::> Indicate top of el<changer as mounted 

by filling In appropriate arrow. 2-36 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page 3 

.. 
PROCESS CONDITIONS 

Reference Condition A Reference Condition B 

. Tubeside Shellside Tubeside Shellside 

.Aow Rate,~ (103 lb/hr) _5_54 
Inlet Temperature, €-(F) (:,5 ·-~o 

. Outlet Temperature, e-(F) -5 lfl-1 . 
Inlet Pressure, -IEP&(psia) Absolute b't2' bq(} 
Measured .1P, kEa (psi) .: 3 II 
Inlet Weight Fraction Vapor l.o r_l_o 
Outlet Weight Fraction Vapor _L_Q_ /,0 
Vibration Observed )(No DYes DNo DYes 

FLUID PHYSICAL PROPERTIES 

Fill In All Applicable Entries Tubeside Shellside. 

Auid Name NATU«AL C.A$ + G L -<cot.. NATURAL GAs 
Reference Temperaturr :f:.(F) -~ ~s -~o Yc.. 
Liquid Properties at Reference 

Temperatures 

Density, kg/m3 (lb/ft 3
) ------- ------~. ----Viscosity, rnPa ·s (cP) ~ -~ ------~ 

v~ 

Thermal Conductivity, W/m·C (Btu/mft F) .~ ~ ~ 
........... , 

......... 

Heat Capacity,kJ/kg·C (Btu/m ft F) ...........---- . ---., '~ -----. 
Vapor or Gas Properties at 

Reference Temperatures 

Density, ~3 (Ib/ft3
) 

Viscosity,.ot~ (cP) 3.(0 1.. .'fn . _3.(~. _1. '3S" 
Thermal Conductivity, Wfm-€ (Btu/hr ft F) 

Heat Capacity, k:Jfk:g & (Btu/lb F) 

Auid ii~Jecular Weight, ksJm,ol (lb/mole) 
If Boiling or Condensing 

Latent Heat, Wfltg (Btu1lb) 



DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

Assign~- I LC~ase:_::N~o·:.-==1 =09====_j· . 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, kgjs (103 lb/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/se~)* 

Outlet Nozzle Velocity, m/s {ft/se_c )* 

Measured Natural Frequency, Hz 

Measured Acoustic Frequencies, Hz 
Noise Sound Level, db · 

• ·Please describe how velocities were calculated or estimated.· .. 

Vibration Caused by Extern~ Sources DNo DYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

0 Cavitation 0 Pulsating Flow 

Damage Noted DNo 

·DYes Complete sketch at .bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact 0 Cuttin& at Baffle D Near Tubesheet 
' 

' 

0 Tube-to-Shell Impact 0 TubesheetJoint Leaking 0 Fatigue 
_, 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flo~ 

D All Around Tube Circumference 
D· Corrosion Evident .U foulmg EVident 

0 General Description of Damage 
I 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

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

0 Start-up 0 'Plant-Upset 0 Shutdown .. 

Describe 

• If Vibration Remedy Applied, Describe and Indicate Results: . 
. . 

- -- -- ·--

TUBEBUNDLEDAMAGESKETCH 

r" r, 
I t-...._ 

0 1 r .. ,' 
C:·:\ '\ 

I I \ I \ 

~·· ·- I /I 
I ·t: ... / I. _ _, 

- LJ 
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DO~/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

To protect the identity of the organization submitting this case, HTRI has 
assigned a~ 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·I that provides space for 

· additiQnal comments, drawings, photographs, etc. 

Assigned 

Case No. 
1 to 

This 4~-in. diameter by 40-ft long CEM TEMA style heat exchanger 
is in re~in~~ service. The tubeside fluid is cooling tower 
water while the shellside fluid is an olefin-isooctane mixture 
with hydrofluoric acid. Indications are that there was a loUd 
noise coming from the exchanger at. start-up before the tubeside 
fl"l,lid was brought on stream. Tubes that failed were those within 
a few rows o! 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 
i"11dication 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 
r~-A-~-ig-n-~---------------, 

_ Case No. J JO 

Pagel 

Type Jir TEMA Exchanger Designati~n __ __,C......._E_,N-1------ Shell Orientation }2(Horizontal 

OVertical 0 Special Exchanger (Describe)--------------------------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, AWn (in.) ___ '/,_SJ..--------
Wall Thickness,~RM (in.) _____ Material ___ -=-----
Inlet Nozzle ID, ~Am (in.) __ 1J:L.L'-I _______ _ 

Outlet Nozzle_ ID, tRM (in.) __,1=-4.~.---_______ _ 

Impingement Protection -,4 No 0 Yes 
(Describe) _______________ _ 

Annular Distributor A'No 0 Yes 
Open Cut Area "l'fllfriJ (in.2 ) _________ _ 

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

Type 0 S~gmental; .J(Double-Segl!lental 0 Disc/~ughnut 

0 1'riple-Segmental; 0 No-Tubes-in-Window 
Baffle Cut, % Shell Diameter __ ..~_2,_,.~£. • ._.5...__ ____________ _ 

Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle. 0 Perpendicular JiZ[ Parallel 0 45° 

Central Baffles 0 Perpendicular JI(Parall_el 0 45° 

Baffle Thickness, I'Rfft-(in.)~Material C S 
Diametral qearances Shell-to-baffle,-AMft (in.) 0 .z.; 

Tube-to-baffle ~(in.) 0 • 0 b-~ 
Bundle-to-shell, tRM (in.) I • I Z S 

Number of Baffles Along Length of Shell __ ___._1_.?"--------
Baffle Spacing, ~(in.) __ Ceptral 3<:. • S 

Inlet ;;,q -Outlet '3 S', 9 
Unsupported Tube Span Lengths,~in.) ---------­

Longest 708 Inlet 70. Y Outlet -1-1-0'-"'-' 'IL----

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

<::= t =;> Indicate top of exchanger as mounted_ 

by filling In appropriate arrow. 

~-

) 

TUBE GEOMETRY 

_Outside Diameter,- (in.) ____ .L.I LJ' 0-.L.---'-------
Wall Thick,ness,""" (in.) 0 .t;Y · Material _ _,C..:..S-._ __ _ 

Tube Lengths 

Straight Tube, Inside Tubesheets.~ (in.) "l1'3.t) 
U-Tube, Tubesheet to Bend Tangent, fRH1 (in.) __ - __ _ 

"Tube Pitch, Httft'(in.) __ --'l'-. 'l.:::.:,=:..------,----'-----
Layout (Please Circle) ~ 

· Flow ~~~@!.UJ!!.tl 
No. of Tubes q:;o No. of Tubepasses _· --''---
First Tubepass l5il Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint 
l(Welded .~!(Roller Expanded 0 Other ____ _ 

IfU-Tube 

Maximum Bend Radius, RHR (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/in.) - Fin Material ____ _ 
Diameter, mm ~).Root __ Over Fins ____ _ 

If Enhanced Surface Tupes ~----------­

(Describe) 

Of. I UNlNt; HAFFLt:: 

If Detuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

.Show shellslde Inlet nozzle location, baffle cut , 

orientation, and Impingement devices. 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Aow Rate,¥ (103 lb/hr) 

Inlet Temperature,-€-(F) 

OUtlet Temperature,-€-(F) 

Inlet Pressure,-*Pe (psia) Absolute· ' 
Measured dP, ltPtt (psi) 

Inlet Weight Fraction Vapor 

Outlet Weight Fraction Vapor 

Vibration Observed 

FLUID PHYSICAL PROPERTIES 

Fill In AU Applicable Entries 

Fluid Name 

Reference Temperaturr :C'"(F) 

Liquid Properties at Reference 

Temperatures 

Density,~ (lb/ft3
) 

Viscosity .~(cP) 

Thermal Conductivity, W{fft"{;. (Btu/m ft F) 

Heat Capacity, k:JfJCg € (Btu/m ft F) 

Vapor or Gas Properties at 

Reference Temperatures 

Density, kg/m3 (lb/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 (lb/mole) 
If Boiling or Condensing 

r---
Latent Heat, kJ/kg (Btu/lb) 

'--

Reference Condition A 

Tubeside SheUside 

"?1'300 
~c; 
'tO 
1oo 
-

() 0 
0 0 

ONo Ji(Yes 

Tubeside 

WA'TG.~ 

"""' """' 
/ 

""' / 
......... <' 

/ 
"""' / 

""" 

/ "" 

Assigned 

Case No. 110 

Page3 

Reference Condition B 

Tubeside Sbellside 

ONo DYes 

I~O&UTAN€' 

Sbellside 

H"r'ORo ~A\~&o.o AA.JP 
\-1'(0\Z()!=t IJO!l.IC .llC./0 

Cf3 

4'(.~ 
o. ~~-

/ 

"""' 
/ 

"" / 
.......... < 

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

VIBRATION AND DAMAGE DESCRIPTION. 

When Vibration Present, Shellside Aow Rate,,. (103 lb/hr) 

If Known, Crossflow Velocity at baffle tip,~ (ft/sec)• 

Crossflow Velocity at centerline,~ {ft/sec)* 

Velocity Through Window in Baffle,~ (ft/sec)• 

Inlet Nozzle Velocity,~ (ft/sec)* 

Outlet Nozzle Velocity, rrr/3 (ft/sec)• 

Measured Natural Frequency, Hz 

Measured Acoustic Frequencies, Hz 

Noise Sound Level, db 

• Please describe how velocities were calculated or estimated. 

Vibration C;~used by External Sources Jl~o OYes 

Assigned 

Case No. 

Page4 

110 

Source Frequency, Hz~·--~- rpm-----------

Damage Noted 

Type 

Wear 

0 Machinery D Piping 

D Cavitation 0 Pulsating Flow 

DNo 

J§...Yes Complete sketch at bottom of page indicating location in bundle 

D Tube-to-Tube Impact 

D Tube-to-Shell Impact 

D One Side of Tubes Only 

l(Cutting at Baffle 

D Tubesheet Joint Leaking 

0 Parallel to Aow 

D All Around Tube Circumference 

0 Near Tubesheet 

D Fatigue 

D Normal to Flow 

~ Corrosion Evident 0 Fouling Evident 
0 General Description of Damage 1'1 tuBES Al£A12. SAtEl..t:' ·nes 

A#JI) llJ CEtJTI2AL SPAN5 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred?------------------

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

. D Start-up· D Plant-Upset D Shutdown 

~>cribe ___________________________ ~---------------------

• lfVibrn.tion Remedy Applied, De3eribe 11nd lndiente Re3ult3~ \Zc; G U1C.. T BoA 1(?~~ 
W<TH I z ~Af:f't FG • No EW2Tf.tt.\l.. PRo6c er-1s 

TUBE BUNDLE DAMAGE SKETCH C \JTTilJG. AI SA~Fl~ _ 
,... .~ NEA2.. ~€1JI~~ Of: ~PlE 
1--------,--

2-42 

I 

• 



/ 

DOE/ANL/ifTRJ 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, ?• and 4 have been 

reviewed to ensure that they do not include any propietary information. 

This is a replaecement for the original page i that provides space for 

additional comments, drawings, photographs, etc. 

Assigned 

Case No: 
111 

Summary 

This 45-in. diameter by 40-ft long CEM TEMA style heat exchanger 
is the same shell 'as fo~ Case llO·with a replacement bundle. 
are 18 double-segmental baffles. instead of the original 12 .· 

These 
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 nas operated for several years 
without any vibration problems. 

The information is limited to that included on the data form~ 
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' DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2 
' ,r-A-ss-ig_n_ed ______________ ~, 

C N .111 ase o.. 

T~pe )a TEMA Exchanger Designation _ _.(.! ...... · .....,E""'AJ'-"'------ Shell Orientation l1 Horizontal 

OVertical· 0 Special Exchanger (Describe) __________________ _ 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Di~eter, HHR (in.) ____ ..;.u."-----------------
Wall Thickness, fRRt (in.) ____ Material _____ _ 

Inlet Nozzle ID, mm (in.) __ ~___,1. ......... '-l _______ _ 
Outlet Nozzle ID, lftfft (in.) __ _,7..~'1...._ ____ ---'--

lmpingement Protection )!No D.Yes 

(Describe) · -

Annular Distributor JaNo DYes 
Open Cut Aream~R2 (in.2 ) ________ -;;:----

Nozzle-to-First Tube Row Distance, awa (in.) l. ~ 

.CROSS BAFFLE GEOMETRY 

Type 0 S~gmental; J!(Double-Segmenta! 0 Disc/Doughnut 

0 'Triple-Segmental; 0 No-Tubes·in·Window 

Baffle Cut,% Shell Diameter 2 h .S ' 
Cut Orientation Relative to 'Axis of Inlet Nozzle 

Inlet Baffle 0 Perpen.dicular ,rParallel 0 45° 

Central Baffles 0 Perpendicular )!(Parallel 0 45° 

Baffle Thickness,f'l'lfft (in.) (),6zSMaterial _.,C=.S..JC... __ _ 
Diametral Clearances Shell-to-baffle, HHR-(in.) 0 • t~­

Tube-to-baffle fttfl't (in.) 0.01 St, 
Bundle·to-shell,fRffl-(in.) I·' z~..,. 

Number of Baffles Along Length of Shell-.,..---'f'-'B'=----­

Baffle Spacing,~in.) __ C~ntral_.1..,.!::·_;....$"~---=-===-
Inlet 1. 'f.l?, Outlet __..2,_'-('-'-' .....,( 3oL._ __ _ 

Unsupported Tube Span Lengths,lftffl (in.)------'---
Longest. fio · Inlet l.fq,!~ Outlet _4-L..IeJ.._, .:....1 ~£_ __ _ 

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

¢= t ~ Indicate top of exchanger as mounted 

by filling in appropriate arrow •. 

t 
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TUBE GEOMETRY 

Outside Diameter ,.atft't (in.) ---+-1 L:' 0~· :___ ____ ...;,..__ 

Wall Thickness,~ (in.) O.lW' Material---:---:-­

Tube Lengths 
Straight Tube, Inside Tubesheets, Httll (in.) 413.2~-
U-Tube, Tubesheet to Bend Tangent, Mtft' (in.) ___ _ 

Tube Pitch, mm.(in.) _ ___!..l "-''1=-:;,""-----------
Layout (Please Circle) ~ 

Flow 300 ~~@!z:oozj 
No. of Tubes ~ 30 No. of Tubepasses --'~--~-
First Tubepass )~(Countercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint . 
.)¥(Welded t(Roller Expanded 0 Other ____ _ 

lfU-Tube 

Maximum Bend Radius, Rtm"(in.) ---'------­
Bend Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular 0 Parallel 
If Bend Supported, Describe in .. Comments Below 

If Finned Tubes 
~ (Fins/in.) Fin Material ____ _ 

Diameter, ~{in.), Root __ Over Fins __________ ....,. 

If Enhanced Surface Tubes------------------

(Describe) -
DI:TUNING BAFFLE 

If Detuning Baffle Used to Control.Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shellsld~ Inlet nozzle location, baffle cut 

orientation, and Impingement devices. 



DOE/ANL/HTRI HEAT EXCHANGER Tl!BE VIBRATION DATA FORM 

PROCESS CONDITIONS 

Aow Rate, kr;fs (103 lb/hr) 

Inlet Temperature,-€-(F) · 

Outlet Temperature,-€-(F) 

Inlet Pressure, «Ptt(psia) Absolute . 
Measured ~P. kP& (psi) 

Inlet Weight Fraction Vapor 

Outlet Weight Fraction Vapor 

Vibration Observed 

FLUID PHYSICAL PROPERTIES 

Fill In AU Applicable Entries 

Auid Name 

Reference Temperaturr. @r(F) 

Liquid Properties at Reference 

Temperatures 

Density, kgfm3 (lb/ft 3 ) 

Viscosity,~ (cP) 

Thermal Conductivity, Wfrrr{;. (Btu/m ft F) 

Heat Capacity, k:Jfltg € (Btu/m ft F) 

.Vapor or Gas Properties at 

Reference. Temperatures 

Density, kg/m3 (lb/ft3
) 

ViscositY., mPa ·s (cP) 

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

Heat Capacity, kJ/kg·C (Btuflb F) 

Auid Molecular Weiibt, kg/mol (lb/mole) 
If Boiling or Condensing 

Latent Heat, kl/kg (Btu/lb) 

Reference·Condition A 

Tubeside Sbellside 

-; '300_ 
q5' 
'10 

100_ 
-

0 0 
0 0 
}i(No DYes 

Tubeside 

WA"f~ 

~ ./ 
~ / 

""' / 
/~ 

/ " / "'\. 

Assigned 

Case No. 111 

Page 3 

Reference Condition B 

.Tubeside SlieUside 

DNo DYes 

Shell side 

""o~oc:.~!30J Ftus 
~V0£0Ft uo~ IC. A~l C. 

q~ 

L( <( .c;. 
0.6~ 

··-""' 

""' / 
~ / 

""' / 
/ "' / 

""" / ' v "J/ "-... 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

Assigned 
Case No. 111 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, kg/s (103 lb/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 Sourc~s ONo DYes 

Source Frequency, Hz rpm 

0 Machinery 0 Piping 

. 0 Cavitation o Pulsating Flow· . 
Damage Noted ONo 

0 Yes Complete sketch at bottom of page indicating location in bundle 

Type 0 Tube-to-Tube Impact 0 Cutting at Baffle '0 Near Tubesheet 

0 Tube-to-Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear · 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

U All Around Tube Circumference 
0 Corrosion EVIdent U t-'ouling Evident " 

0 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 

OSta~t-up D Plant-Upset 0 Shutdown 
.. 

Describe 

• If Vibr:~tion Remody Applioil, Or.~eribc. and Ll.:lk.ih! Rcsull&: 

' 

TUBE BUNDLE DAMAGE SKETCH 

.- r, 
t- ..... 

0 
r ... ,, 
c:--. '' I I ' \ \ 

I 1- I I 
~II 
c:/ . 

d '- . 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

I 

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 

· Assigned 

Case No. 112 

, additional comments, drawings, photographs, etc. 

Summary 

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 
probable cause. 

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 Page2 

I 
Assigned 1· 

.---------------~--------------~~~~-----------------------.~·=c=~==N==o·====1=1=2======~· 
Type Ji( TEMA E-xchanger Designation _ __.Ac..u.I.___S'------- Shell Orientation 0 Horizontal 

0 Special Exchanger (Describe) ________ ~--------- OVertical 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, ~(in.) ___ t.(.........,b'---------
W all Thickness,""""" (in.) Material __________ _ 

Inlet Nozzle ID, AMao(in. ) __ ___._I _..Ca..__ ___________ _ 

Outlet Nozzle ID, mm (in) ----.Ll_..1 ____________ ..:._ 

JirNo DYes Impingement Protection 

(Describe)-------------------'------~-

Annular Distributor 0 No J(Yes 

Open Cut Area~ (in.2 ) Gl12. 
Nozzle-to-First Tube Row Distance, ~(in.) I 'C...,? S 
CROSS BAFFLE GEOMETRY 

Type Jli(Segmental; 0 Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 

Baffle Cut,% Shell Diameter ---·~J ..... l..c.. ------­

Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle 0 Perpendicular JilParallel 0 45° . 

Central Baffles 0 Perpendicular Cil'Parallel 0 45° 

Baffle Thickness, I'Rftt (in.)' 0 ,.; Material -~C~S..,t.._ ____ _ 
Diametral Clearances Shell-to-baffle,'I'I'Hft (in.) O. 'Z S 

Tube-to-baffle mm-(in.) 0 • 0\ Sb 
Bundle-to-shell, ~(in.) \.1,.; . 

Number of Baffles Along Length of Shell B + \21\.!IDEe. 
Baffle Spacing, ~(in.) __ Central __ 1..c..>3,· ____ _ 

Inlet 1 ~ O~tlet _ _,'2.,_.1_,_, ]...........,)''-----:--

Unsupported Tube Span Lengths,...a.(in.) -----,--­
Longest 'if, Inlet Ytn Outlet 4 4,] )-

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

I 
Indicate top of exchanger as mounted 

by filling In appropriate arrow. 
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TUBE GEOMETRY 

Outside Diameter ,!Mit{in.) _---.:0::;.....:.•...:.1....,)'-"0""'------­
Wall Thickness,.""""(in.) 0. 06~ Material AOM I~ALT'r 
Tube Lengths 

Straight Tube, Inside Tubesheets, ~in.) · '21,7, ~ 
U-Tube, Tubesheet to Bend Tangent, tMn-(in.) _____ _ 

Tube Pitch, mm.(in.) ___ ___:_l ,_0_;0::;.·_· -'------

Layout (Please Circle) . . ~ 

Flow ~ ~ ~®!A~ 
No. of Tubes I g I 'f No. of T\lbepasses " · ··. · ·· 

First Tubepass ~ Countercur:rent !i'C:ocurrent 

Tube-to-tubesheet Joint 
0 Welded 15!( Roller Expanded 0 Other _____ _ 

lfU·Tube. 

Maximum Bend Radius,"fftftl(in.)-------­

B~nd Orientation Relative to Axis of Shellside Inlet Nozzle 

0 Perpendicular. 0 Parallel 

If Bend Supported, Describe in Comments Below 

If Finned Tubes 

~(Fins/in.) ______ Fin Material -'------

Diameter,·~(in.), Root....:::.. Over Fins _____ _ 

If Enhanced Surface Tubes-------·--~----·-.. -· 

(Describe) 

UhTUNJN(.; HAFFLE 

If Detuning Baffle· Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shellsld~ Inlet nozzle location, baffle cut 

orientation, and Impingement devices. 

I 



DOE/ ANL/HTRI HEA 1 EXCHANGER TUBE VIBRATION DATA FORM 

Pagel 

Assigned 
Case No. 112 

PROCESS CONDITIONS 

Reference Condition A Reference Condition 8 

Tubeside Shellside Tubeside Shellside 

Flow Rate, ~H)3lb/hr) .. .. >- .'?>?~ > 

,,g 
Inlet Temperature, €-(F) 'to 'J.7.S 
Outlet Temperature, E (F) . -~· .. - \(}~ ,0~ 

Inlet Pressure, kPa (psia) Absolute 
·--· >. .ID~ "~ Measured .t.P, kPa. (psi) ·h 

. 
I;:)_ 

·--

Inlet Weight Fraction Vapor 0 1.() 
Outlet Weight Fraction Vapo! 0 l.O 
Vibration Observed ONo )(Yes ONo DYes .. - -- - ... - ---

FLUID PHYSICAL PROPERTIES 
- - --- --

Fill In All. Applicable Entries Tubeside Sbellside 
-

Fluid Name LJAI£(?. AI~ 
Reference Temperature. €-(F) 

-

Liquid Properties at Reference 

Temperatures 

Density, kg/m 3 (lb/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/m3 (lb/ft3
) ............ / 

Viscosity, t1lPa ·s (cP) .. 

. "" / 
thermal Conductivity, W/m·C (Btu/hr ft F) ""' / 
Heat Capacity, kJ/kg·C (Btu/lb F) ~ ~· ····.·· 

· Fluid Molecular Weight, kg/mol (lb/mole) / ~ 
If Boiling or Condensing /. "' Latent Heat; kJ~g (Btu/lb) I/ "' -
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Aow Rate,~ (103 lb/hr) 1(0~ 
If Known, Crossflow Velocity at baffle tip; m/.s (ft/sec)• 

Crossflow Velocity at centerline, ra/.s (ft/sec)• 

Velocity Through Window in Baffle, tttk. (ft/sec)• 

Inlet Nozzle Velocity,~(ft/se_c)• 

Outlet Nozzle Velocity,~ (ft/sec)• 

Measure·d Natural Frequency, Hz 

Measured Acoustic· i'requencies, Hz 

Noise Sound Level, db 
' 

• Please describe how velocities were calculated or estimated. 

Vibration Caused by External Sources )(No DYes .. 
Source Frequency, Hz 

d Machin.ery 

0 Cavitation 

Damage Noted DNo 

rpm 

0 Piping 

Assigned 

Case No. 

, D Pulsating Aow 

J{Yes Complete sketch at bottom of page indicating lo~ation in bundle 

Type 0 Tube-to-Tube Impact D Cutting at Baffle D Near Tubesheet 

0 Tube-to-Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear 0 One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

0 All Atotirtd Tube. Circumference 

J J 2 

o Corrosion Evident 0 Fouhng EVIdent 
tEAKS'\ u General"Des~ription of Damage ,~ r REDUE~ ·~~ T! llit=. 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

• Any Unusual Occurrence Observed Prior. to Vibratiqn as a Consequence of 

0 Start-up ·o Plant-Upset 0 Shutdown 

Describe 

• If Vibration Remedy Applied, Describ~ nnd lnilic~ttr. RP.Rnlt5: 

TUBEBUNDLEDAMAGESKETCH 

.... r-

0 
L- '-
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OOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATlON DATA FORM 

To protect th~ 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. 113 

Summary 

This 17-in. diameter by 16-ft long AEU TEMA style heat exchanger 
has cooling water flowing ·inside the two tube 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 admir~lty tubes were used 
and these suffered damage. The in~pection 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 form, an 
insp~ction report, transmittal letter, and an indication of 
the remedial act~on 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. 
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DOE/ ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2 

I 
Assigned 

Case No. 113 

Type }2( TE~A Exchanger Designation _.--.:.A~E,_,U.,__ ____ _ Shell Orientation &(Horizontill 

OVertical 0 Special Exchanger (Describe)------.--------------

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter.- (in.) _ _..:.l_,lc.r... 2.......,5'--------­
Wall Thick.ness,JDM-(in.) O.?z?£' Material _ _,C.._..S~--
lnlet Nozzle ID, mm (in.) __ l.l..!'-"'b-=2.."'-.; _______ _ 

Outlet Nozzle iD, fftfft (in.)___.7'-'-,(."'-.,_,_1""~--------

lmpingement Protection .laNo 0 Y~s 
(Describe) _________ __,_ _____ _ 

Annular Distributor J5i(No DYes 
Open Cut Area~ (in.2 ) _________ _ 

Nozzle-to-First Tube Row Distance, mm-(in.) ~ • If-; 7 5 

CROSS BAFFLE GEOMETRY 

Type ~!~.Segmental; 0 Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes·in·Winc.low 

Baffle Cut,% Shell Diameter __ 'i'-";.1...-'''-"S'--------­
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle 0 Perpendicular Jii{Parallel ·o 45° 

Central Baffles 0 Perpendicular ~Parallel 0 45° 

. Baffle Thick.ness,oHHR (in.) 0.'~7; Material _C=-=S=----­
Diametral Clearances Shell-to-baffle, ~(in.) 0, I~; 

Tube-to-baffle .rma (in.) 0 , 0 f ~ b 
Bundle-to-shell,._,· (in .)_j._Q __ 

·· Number of Baffles Along Length of Shell _. _· ,.bL.._ __ _ 
Baffle Spacing,:..- (in.) __ Central _...,1'-7,___ ___ _ 

Inlet i 7 Outlet _ _,'2 ...... 7'-------

Unsupported Tube Span Lengths,"*" (in.)------
Longest ~'{ · Inlet fil{ Outlet _ _.5L't..L._ __ _ 

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

indicate Inlet nozzles with an arrow. 

TUBE GEOMETRY 

Outside Diameter, mm. (in.) __ J,L,,.$"-'0..._ _______ _ 

Wall Thickness, IRRl (in.) O. Q(:$ Material A\) Nit. At.T 'r'. 
Tube Lengths i3 M~ 

Straight Tube, Inside Tubesheets, ~(in.) ____ _ 

U-Tube, Tubesheet to Bend Tangent,9MM (iri.) I 89 
Tube Pitch,-1ftM (in.) ___ (,_O_O _________ ~ 

Layout (Please Circle) · ~· 
· Flow .30° ~ ~ 6,Q:_ 90° · 

No.ofTubes lifo No.ofTubepasses 

First Tubepass. 0 Countercurrent 

Tube-to-Tubesheet Joint 

o Cocurrent ·1 

0 Other ____ _ 0 Welded B. Roller Expanded 
IfU-Tube 

Maximum Bend Radius, HttR (in.)_...J7...,,c:::1:...::c;'-· ___ _ 

Bend Orientation Relative to Axis of Shellside Inlet Nuzzle 

0 Perpendicular )!l.Parallel 
If Bend SuppOrted, Describe in Comments Below 
If Finned Tubes .. 

~(Fins/in.) Fin Material __ --''---
Diameter,ftlfft (in.), Root-=- Over Fins __ '--___ _ 

If Enhanced Surface Tubes---·---------

(Describe) 

DElUNiNG BAF~U. 

If Detuning Baffle Used to Control' Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shellslde Inlet nozzle location, baffle cut 

orientation, and Impingement devices •. 

PlAHL£ Su~fot.T 

¢:= t ~ Indicate top of exchanger as mounted 

by filling In appropriate arrow. 

t 

II' 

) 
: 
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DOE/ ANL/HTRI ilEA T EXCHANGER TUBE VIBRATION OAt A FORM 

Page3 

Assigned 

Case No. 113 

PROCESS CONDITIONS 
-

Reference Condition A Reference Condition B 

Tubeside ShellSide Tubeside Shellside 

Aow Rate,~ (I03 lb/hr) 311.'/ 
Inlet temperature; €-(F) "lo 1~'i 
Outlet Temperature, e.(F) \Of) llb. 
lrtlet Pressure, Wi&{psia) Absolute 

Measured AP, kl?:.l..(psi) - - ... 

Inlet Weight Fraction Vapor 0 0 

. Outlet Weight Fraction Vapor b 0 
Vibration Observed DNo .ii:Yes DNo DYes 

FLUI~ PHYSiCAL PROPERTIES 

Fill In All Applicable Entries Tubeside Shell side 

Auid Name WATEC2- ''TOP$ PU1'1PA~ou . .vo 11 

Reference Temperaturr .-e-(F) 1, ';'i 17(:; 
Liquid Properties at Reference 

Temperatures 

Dtalslty,~3 (lb/ft3
) . 4'3.1~ '-.fcl.g'{ 

Viscosity;mPaa.S (cP) 0.1..\ 0 .'2.1 
Thenilal Conductivity, Wfm-€ (Btu/m ft F) 

Heat Capacity~ (Btu/m ft F) 

Vapor or Gas Properties at 

Reference Temperatures 

Density, kg/m 3 {tb/ft3
) '""' / ""' / 

Viscosity, mPa·s (cP) ""' / ~ / 
Thermal Conductivity, W/m·C (Btu/hr ft F) ""' / ~ ./ 
Heat Capacity; kJ/kg·C (Btu/lb F) ) i"' 

' > K 
Fluid Molecular Weight, kg/mol (lb/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 i 
Case No.' 113 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate, U:6t(l03 lb/hr) ~ 1'/..t.( 
If Known, Crossflow Velocity at baffle tip~ft/sec)• 

Crossflow Velocity at centerline,~ (ft/sec)• 

Velocity Through Window in Baffle,~ (ft/sec)• 

Inlet Nozzle Velocity,~(ft/sec)• 

Outlet Nozzle Velocity,~ (ft/sec)• 

Measured Natural Frequency, Hz . 
Measured Acoustic Frequencies, Hz 

Noise Sound Level, db . 
• Pleas~ describe how vel~cities were calculated or estimated. 

Vibration Caused by External Sources JI(No DYes 

Source Frequency, Hz rpm 

0 Machinery a Piping ·. 

0 Cavitation a· Pulsating Flow 

Damage Noted DNo 

}(Yes Complete sketch at bottom of page indicating location in bundle. 

Type 0 Tube-to-Tube I_mpact )(Cutting at Baffle 0 Near Tubesheet 

. 0 Tube-to-Shelllmpact 0 Tubesheet Joint Leaking 0 Fatigue .. 

Wear .)r One Side of Tubes Only 0 Parallel to Flow 0 Normal to Flow 

0 All Around Tube Circumference 
0 Corrosion Evident 0 Fouling Evident 

0 General Description of Damage Two Til~f~ woRtJ T~RQU<;,H OAJ QtJ[ 
7\0E A- e,A~~L~ sueyoQTs I 

Exchanger Operation History 

• How Long on Stream .Before Damage Occurred? -~ --···-----....... 

• Any Unusual Occurrence Observed Prior to Vibration as a ~onsequence of 

0 Start-up 0 Plant-Upset 0 Shutdown 

Describe 

• If ViLI.iliuu Rclllcdy' Applied, DcM.Iiuc AuJ L•Ji\.Alc Rc~ulb .. 

TUBEBUNOLEDAMAGESKETCH 

r-

:~ 0 
'-
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DOE/ANL/IITRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
. : ·- ··• . - I 

To p~otec~ the identity .of the organization submitting this case, HTRI has 

assigned .a ca~ number. Additionally th.e da.ta on pages 2, 3, and 4 have been 

reviewed to en~ure that they do not include any propietary information. 

This Is a replacement for the original page I that provides space for 

additional comments, drawings, photographs, etc, 

Assigned 

Case No. 
114 

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 
si.de. The. "lean gas" is heated on the shell side where the bundle 
has 19 "double double-$eCJIIlental" baffles. See sketch below. 
The "rich gas" is cooled on the tube side in a single tube pass. 
There was no impingement dev~ce under the shellside inlet nozzle. 
Tubes failed in "top three rows under shell inlet nozzle." 

For this case, in addition to the data form is a description of 
the process conditions and geometry including the sketch 
reproduced below. 

,, I 
13.5 ~ 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Pagel 

.------------------:....__ ____ _:_:_ __ _:,__!l:=~=~=~g=~ed=o·=· ==11=4==~'' 
Type fiit TEMA Exchanger Designation -~A........,E=-....L.__ ____ _ 

0 Special Exchanger (Describe) ___ ..:.._ _____________ _ 
Shell Orientation 0 Horizontal 

NOT GillEN OVertical 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter, .ffHft (in.) __ __.5'"-'b!lo£-______ _ 

Wall Thickness, !MI'I" (in.) Material _____ _ 

Inlet Nozzle ID.- (in.) __ '2.........,0'-----------
0utlet Nozzle ID,.- (in.) _....._-1----~-----

Impingement Protection ~o · D.Yes 
(De.scribe) _____ -___________ _ 

Annular Distributor ~No DYes 

Open Cut Area 'f'Mtt-
2 (in.2)---------:---­

Nozzle-to-First Tube Row Distance, mm (in.) 'f, I 

CROSS BAFFLE GEOMETRY 

Type 0 Segmental; }it Double-Segmental 0 Disc/Doughnut 
(OOUSlE) · 

0 Triple-Segmental; 0 No-Tubes-in-Window 

Baffle Cut,% Shell Diameter __ 3->L>oO"-~-----­
Cut Orientation Relative to Axis of Inlet Nozzle 

Inlet Baffle 0 Perpendicular Iii! Parallel 0 45° 

Central Baffles 0 Perpendicular JiifParallel 0 45° 

Baffle Thickness, ffiffi (in.)~Material -----­
Diametral Clearances Shell-to-baffle, R'H'R (in.) · O, Z.b~ 

Tube-to-baffle ~(in.) 0. 0 I$ b 
Bundle-to-shell, R*ft""(in.) 0, b!i"3 

Number of Baffles Along Length of Shell __ ._I q.L· ___ _ 

Baffle Spacing, ;AH~ (in.) __ Central __ 3......._0""-------,--
lnlet ·12 Outlet _'1........,._7 ____ _ 

Unsupported Tube Span Lengths.~(in.) -----­

Longest f::, 0 Inlet S~ Outlet____,~~----

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

I ndlcate Inlet nozzles with an arrow. 

Fixed Tubeshelt 
I 

. I 
I I 

Indicate top of exchanger as mounted 

by filling In" app"roprlate arrow. 2-56 

TUBE GEOMETRY 

Outside Diameter, HMn (in.) __ 0=-,=.._..],..S'-"0.._ _____ _ 

Wall Thickn~ss, fl'lftl (in.) ·o' Of{) Material ~·,C!'-'5~---. . 
Tube Lengths 

Straight Tube, Inside Tubesheets, fftt'l'l (in.) 5'tfb 
U-Tube, Tubesheet to Bend Tangent,"""' (in.) ___ _ 

Tube Pitch, mm(in.) __ o~.q.L.3o£..1.uS'~-------
. Layout (Please Circle) ~9 · 

Flow ~ ~ ~Mw:.tX 
No. of Tubes 1 q I 0 No. of Tubepasses · I 
First Tubep~ j!lCountercurrent 0 Cocurrent 

Tube-to-Tubesheet Joint 

0 Welded o Roller Expanded 0 Other IJor Gtlli?tl 
· lfU-Tube 

Maximum Bend Radius;1ftl'fto(in.) -------­
Bend Orientation Rel~tive to Axis ofShellsfde Inlet Nozzle 

0 Perpendicular 0 Parallel 

· If Bend Supported, Describe in Comments Below 
If Finned Tubes 

Ftttsfm (Fins/in.) Fin Material ____ _ 

Diameter, Mtm"(in.), Root-==... Over Fin_s _____ _ 

If Enhanced Surface Tubes------------
(Describe) ________________ ___ 

DETUNING 8AHL~ 

If Detuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show Shellslde·lnlet nozzle location, baffle cut 

orie"ntatlon, and Impingement devices. 



OOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

Page3 

Assigned 
Case No. 114 . 

PROCESS CONDITIONS 

Reference Condition A Reference Condition B 

Tubeside SheUside Tubeside SheUside 

Flow Rate,~ (103 lb/hr) 571.7 Lf~8..Z. 
Inlet Temperature, €-(F) ~0 -3~ 
Outlet Temperature, € (F) -I~ llf 
Inlet Pressure;kPlr (psia) Absolute . I.{~ 41&, 
Measured .6P, ~si) 

Inlet Weight Fraction Vapor r.o \.0 
Outlet Weight Fraction Vapor 1.0 \.0 
Vibration Observed ONo Jii!(Yes ONo DYes 

FLUID PHYSICAL PROPERTIES 
·-...,..--

Fill In All Applicable Entries Tubeside Shellside 

Fluid Name RICH GAS LEAI\J GAs 
Reference Temperaturr .-e(F) I Cf .~ l_!j_ -)!?£ ~0 
Liquid Properties at Reference . 
Temperatures 

Density, kg/m 3 {lh/ft3
) ·~ ~ I~ __....-

Viscosity, mPa·s (cP) ............... v---- ................ ~ 
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, ~3 (lb/ft 3
) 

· Viscosity, iflPtr-8 (cP) 0.0\l 0,012. 0,010~ 0,0120 
Thcnnal Conductivity, W/m-€ (Btu/hr ft F) 0. Dl ~'f o. Ol"" __ Q_:_Q_~---- 0.02.07 ··-·------ -- --- ~---··-- . - --· - ----- . --- -· 
Heat Capacity, kJ.fkg.C- (Btu/lb F) o . .;g>- - o.&ol.( 
J.1uid Molecular Weight, ~b/mole) ''·G-2 ''·41 

If Boiling or Condensing 

Latent Heat, ~Btu/lb) - -
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 
Page4 

~00 I 
~eu~~~N~o~·===1=14======~~· 

VIBRATION AND DAMAGE DESCRIPTION 
" 

When Vibration Present, Shellside Flow Rate,. (103 lb/hr) 14~~.2 
. If Known, Crossflow Velocity at baffle tip, .(ft/sec)• 

Crossflow Velocity at centerline,~ (ft/sec)• 11.1 
Velocity Through Window in Baffle, •(ft/sec)• '1.. 4.Cf 
Inlet Nozzle Velocity,.(ft/sec)• 

Outlet Nozzle Velocity,~ (ft/sec)• 

Measured Natural Frequency, Hz 

Measured Acoustic Frequencies, Hz 

Noise . Sound Level, db 

• Please describe how velocities were calculated or estimated. GIVEN 

Vibration Caused by External Sources JH..No dYes . ; 
Source Frequency, Hz rpm 

. D Machinery D Piping 
' 

,. D Cavitation D Pulsating Flow 

Damage Noted ONo 

Ji(Yes Complete sketch at bo~torri of page indicating location in bundle 

Type D Tube-to-Tube Impact D Cutting at Baffle ld'Near Tubesheet 

fJ Tuhr.-to-Shr.lllmpact D Tubesheet Joint Leaking D Fatigue 

Wear. D One Side of Tubes Only D Parallel to Flow D Normal to Flow 
.. 

D All Around Tube Circumlerence 
Ei Corrosion Evident U FoUlU\g Evtdent 

)it General Description of Damage E41!.~ D ltJ TQE! 3 l?OW~ . LLA.!Q~S 
lbJL~T !J0'2.1,lf ,• 

Exchanger Operation History . 
• How Long on Stream Before Damage Occurred? 

• Any Unusual Occurrence Observed Prior to Vibration as a Consequence· of 

DStart-up 0 Plant-Upset D Shutdown .. 

Describe 

• If Vibration Remedy Applied, Describe and Indicate Results: 

. . 
TUBE BUNDLE D,o\MAGE.SK.ETCH 

r-. 
I 0 

'- '-

2-58 



DOE/ANL/HTRI HEAT EXCHANGE~_{ 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. 

Assigned 

Case No. 
115 

Summary 

This.69-in. diameter by 20-ft long BJS ~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 
directed to the two ends by a solid flow divider plate. A portion 
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. piameter and mated matching 26-in. 
diameter nozzles on a vessel that acted as a collecting header to 
combine the flow into a. 42 in. diameter outlet line. See sketch 
below. It should be noted that the tubefield layout was inl.ine. 
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 pulsing 
between 2 to 4 psi. It is not clear that the noise was flow­
induced inside the shell a~d not being generated by an outside 
source. 

For this case, in addition to the data form, there are complete 
construction drawings of the exchanger (not the collecting header)·, 
a descripti?n of noise observations, and several sketches. 

~·, ... , 
I 

(.q ~ GAs CootER 

COLLE~TIA.I<r- H€AOtt. 

-~l 

~•t'o""" 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM Page 2 

I Assigned 

_ Case No. 115 

Type lR TEMA Exchanger Designation __ _,&w-..lu.S"----- Shell Orientation Jl'Horizontal 

OVertical 0 Special Exchanger (Describe) _________________ _ 

SHELL GEOMETRY (Complete Sketch Below) 

Inside Diameter,.tMfll (in.~_ ..... (:,....._.q ________ _ 

Wall Thickness,.m(in.) o.:;...a. Material___,C ....... S::...__ __ _ 
Inlet Nozzle ID,em(in.) 41 --Bl.AuKt 0 To 4D.b 
Outlet Nozzle ID, ltim-{in.) 2" 

J'ill'lo 0 Yes Impingement Protection 

"(Describe)---------------

Annular Distributor· )(No DYes 
Open Cut An:a mm'. (iJ1.2 ) __________ _ 

Nozzle-to-First Tube Row Distance, MM"(in.) ?. , (, <6 J; 
CROSS BAFFLE GEOMETRY 

Type Ji( Segmental; 0 Double-Segmental 0 Disc/Doughnut 

0 Triple-Segmental; 0 No-Tubes-in-Window 
Baffle Cut, %Shell Diameter _ __.__._ _______ _ 

Cut Orientation Rel:,ttive to Axis of Inlet Nozzle 

Inlet Baffle · B Perpendicular 0 Parallel 0 45° 
Central Baffles li1"Perpendicular 0 Parallel. 0 45° 

Baffle Thickness, JRm (in.)..2.s..So. Material _C=-S=----
Diametral Clearances Shell-to-baffle,.fftm (in.) ____ _ 

Tube-to-baffle fftffl (in.) _____ _ 

Bundle-to-shell, fflfM (in.>-----

Number of Baffles Along Length of Shell ___ q..L----
Baffl~ Spacing,~(in.) __ Central _ _..J9_._. ___ _ 

·Inlet '2.o.J b Outlet __ ';.L.'t_,_.L-'bJ..!-1 2...._ __ 

Unsupported Tube Span Lengths, fAm (in.)------

Longest s-~.; 1'2Jnlet 32 Outlet G z' 3 n .. 

COMMENTS AND SKETCH 

Complete sketches by drawing In tubeslde and shellslde nozzles. 

Indicate Inlet nozzles with an arrow. 

TUBE GEOMETRY 

Outside Diameter,""" (in.)--::--~...:...""''-------­
Wall Thickness,""" (in.) 0.0~3 Material __:C.=....S:_._..___ 
T~be Lengths 

Straight Tube, Inside Tubesheets, BUB (in.) ~~ 'f .'f 
U·Tube, Tube.sheet to Bend Tangent,'fttfft (in.) ___ _ 

Tube Pitch, em (in.) __ --.:.1.:..' '2=~-------­
r..ayout (Please Circle) · ~ 

-
300 '?-'""" ~ 60_. 0 Q0°H t-'luw /y.., ~'ow 0-b 

~o.ofTubes 1018 No.ofTubepasses _ . 

foitst Tube pass )i( Countercurrent t(Coc\lrrent 

Tube-to~Tubesheet Joint 
0 Welded )a Roller Expanded 0 Other ____ _ 

IfU-Tube 

.Maximum Bend Radius,-tMrt (in.)-------­
Bend Orientation Relative to Axis of Shellside Wet Nozzle 

0 Perpendicular 0 Parallel 
If Bend Supported, Describe in Comments Below 
If Finned Tubes · 
~ (Fins/in.) Fin Material ____ _ 

Diameter,~(in.), Root-=- O~er Fins _____ _ 

If Enhanced Surface Tubes------------

(Describe)------------------··· ... __ . ··- ·----=------------J 
DETUNING BAFFLE 

If Detuning Baffle Used to Control Acoustic 

Vibration, Indicate Position on Sketch Below 

Show shell side Inlet nozzle location, baffle cut 

orientation, and Impingement devices • 

. t fLOW O!VIQE~ ~LAT~ 

f 

~t =!) Indicate top of exchanger as mounted 

by filling In appropriate arrow. 
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POE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

PROCESS CONDITIONS 
·---

Flow Rate,~ (103 lb/hr} · 

Inlet Temperature, e (F) 

Outlet Temperature, €-(F) 
-- --

Inlet Pressure,~ (psia) Absolute 

Measured M, ~si) 
Irilet Weight Fraction Vapor 

Outlet Weight Fraction Vapor 

Vibration Observed 

*- CJ\t..CU.LATt:O 
FLUID PHYSICAL PROPERTIES 

.. 

Fill In AU Applicable Entries 

Fluid Name 

Reference Temperaturr ~(F) 

Liquid Properties at Reference 

Temperatures 

Density, • 3 (lb/ft3
) 

Viscosity,~ (cP) 

Thermal Conductivity, W/nr€ · (Btu/m ft F) 

Heat Capacity, k.J/*g e. (Btu/m ft F) 

Vapor or Gas Properties at 

Reference Temperatures 

Density, ~3 (lb/ft3
) 

Viscosity, ml!a-a&- ( cP) 

Thermal Conductivity, W-/nt-G-(Btu/hr ft F} 

Heat Cl!pacity, lt:Jfltg;C (Btu/lb F) 

Fluid Molecular Weight, kg,/;Rel (lb/mol~) 

If Boiling or Condensing 

I"'-

Reference Condition A 

Tubeside SheUside 

I f,C/7* ?11'2. 
<l7 lq? 
qb lO~ 

5() s-1 
- -
0 t.o 
0 1.0 

ONo JQ.Yes 

Tubeside 

WAI~R 

/ 
~ /_ 

" / 
) K 

/ " L ""'-. 
Latent Heat,"~ (Btu/lb) v ""' 
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Assigned 

CllSe No. 11 5 
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DOE/ANL/HTRI HEAT EXCHANGER TUBE VIBRATION DATA FORM 

VIBRATION AND DAMAGE DESCRIPTION 

When Vibration Present, Shellside Flow Rate,,.(l03 "Ib/hr) '!111 
If Known, Crossflow Velocity at baffle tip, .(ft/sec)* 

Crossflow Velocity, at centerline, rtrfs (ft/sec)* 

Velocity Through Window in Baffle.~ (ft/sec)* 

Inlet Nozzle Velocity,~ (ft/sec)* 

Outlet Nozzle Velocity,~ (ft/sec)* 

Measured-Natural Frequency, Hz 

Measured Acoustic Frequencies-, Hz 

Noise Sound Level, db VeP.'f LooP~ 
• Please describe how velocities were calculated Oi: estimated. 

Vibration Caused by External Sources ONo OYes )iil MOST 

Source Frequency, Hz 

0 Machinery 

0 Cavitation 

Damage Noted .l(No 

f1~ti.A~L'( 
rpm 

0 Piping 

Assigned 

Case No .. 

#.JOT 

0 Pulsating Flow 

0 Yes Complete sketch at bottom of p·age indicating location in b_undle 

Type 0 Tube-to-Tube Impact 0 Cutting at Baffle 0 Near Tubesheet 

0 Tube-to-Shell Impact 0 Tubesheet Joint Leaking 0 Fatigue 

Wear d One Side o.f Tubes Only 0 Parallel to Flow · o Normal to Flow 

0. All Around Tube Circumference 
0 Corrosion Evident u Fouling Evident 

- 0 General Description of Damage ~0 QA l~lA (,. (; I() OAr~ 
Af T.WI c.F Q~lt4t:i 0&.1 S!dfc..t 51 QE 

Exchanger Operation History 

• How Long on Stream Before Damage Occurred? 

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

OStart-up 0 Plant-Upset 0 Shutdown.· 
.. 

De~crihe 

~ If Vibration Remedy Applied, Describe and Indicate Results:_· ..•. 
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