Accepted Manuscript -
Prevention

in the process industries

A new integrated approach to study the thermal and mechanical response of vessels
subject to a safe blowdown process

Mariella Leporini, Valerio D'Alessandro, Edoardo Mancini, Alessandro Terenzi,
Barbara Marchetti, Giancarlo Giacchetta, Roberta Cocci Grifoni

PII: S0950-4230(17)30521-1
DOI: 10.1016/j.jlp.2017.06.003
Reference: JLPP 3531

To appearin:  Journal of Loss Prevention in the Process Industries

Received Date: 14 February 2017
Revised Date: 1 June 2017
Accepted Date: 5 June 2017

Please cite this article as: Leporini, M., D'Alessandro, V., Mancini, E., Terenzi, A., Marchetti, B.,
Giacchetta, G., Grifoni, R.C., A new integrated approach to study the thermal and mechanical response
of vessels subject to a safe blowdown process, Journal of Loss Prevention in the Process Industries
(2017), doi: 10.1016/j.jlp.2017.06.003.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jlp.2017.06.003

A new integrated approach to study the thermal and mechanical response of vessels
subject to a safe blowdown process

Mariella Leporinf, Valerio D’Alessandr§ Edoardo Mancifij Alessandro TererziBarbara Marchetti
Giancarlo Giacchettand Roberta Cocci Grifohi

2 Dipartimento di Ingegneria Industriale e Scienzatdmatiche,
Universita Politecnica delle Marche
PFacolta di Ingegneria, Universita degli Studi E-Qais
¢ Saipem S.p.A., Business Unit Onshore
School of Architecture and Design, Universita di@aino

ABSTRACT

The problems related to the blowdown of pressurssele containing mixtures of
hydrocarbons are well known amongst industries lirea in plant design and hydrocarbons
extraction. In this paper a new integrate approdch study the rapid two-phase
depressurization (blowdown) of a vessel contairangixture of hydrocarbons is presented.
The method presented is based on a new mathemaima¢l developed by some of the
authors for the thermo-fluid dynamic characterimatof the process (VBsim) and the finite
element analysis for the mechanical simulationdeéml, the pressure and thermal stress levels
to which the vessel is exposed during the blowdoam present a number of consequences,
such as cracks in the walls that have to be prdlitty an accurate simulation of the
blowdown process. In addition, from the economimpof view it is important to properly
simulate the two-phase vessel blowdown to ensugesélection of the most cost-effective
materials to conduct this operation in safe coodgi To demonstrate the effectiveness of the
present approach, a vessel blowdown case fromatliter has been simulated and the most
critical points in terms of thermal and mechanisakesses of the vessel wall have been
identified. In addition, the FEM model build up cha used also for a complete Design of
Experiments (DOE) analysis.

NOMENCLATURE

A Matrix A Acronyms

a Element of matriA DOE Design of Experiments

b Matrix b FEA Finite Element Analysis

b Element of matrid HSE Health Safety Environment
D Diameter PPE Partial Phase Equilibrium
h Convective heat transfer coefficient PR PengHikan

K Fracture toughness SRK Soave-Redlich-Kwong
Nu Nusselt Number VBsim Vessel Blowdown Simulator
Ra Rayleigh Number Subscripts

T Temperature a Air

X X axis f Fluid

X Generic variable L Liquid

A Thermal conductivity Min Threshold

u Viscosity w Wall
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