Accepted Manuscript

APPLIED
THERMAL
ENGINEERING

Numerical investigation of the nonlinear flow characteristics in an ultra-supercritical
utility boiler furnace

M. Yang, Y.Y. Shen, H.T. Xu, M. Zhao, S.W. Shen, K. Huang

PII: S1359-4311(14)00840-0
DOI: 10.1016/j.applthermaleng.2014.09.068
Reference: ATE 5995

To appearin:  Applied Thermal Engineering

Received Date: 20 June 2014
Revised Date: 19 September 2014
Accepted Date: 25 September 2014

Please cite this article as: M. Yang, Y.Y. Shen, H.T. Xu, M. Zhao, S.W. Shen, K. Huang, Numerical
investigation of the nonlinear flow characteristics in an ultra-supercritical utility boiler furnace, Applied
Thermal Engineering (2014), doi: 10.1016/j.applthermaleng.2014.09.068.

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.applthermaleng.2014.09.068

Numerical investigation of the nonlinear flow characteristicsin an ultra-supercritical utility
boiler furnace

M. Yang*, Y.Y. Shen, H.T. Xu, M. Zhao, S.W. Shen, Huang

School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, P.R. China

*Corresponding Author. Tel.& Fax: 86-55272320. Ednaaldress: yangm@usst.edu.cn (M. Yang)

Abstract

The temperature deviation is an inherent issueargelscale tangentially fired pulverized-coal
boilers. This article investigates numerically tfi@ming mechanism of gas velocity and
temperature deviations from the perspective of ineal flow characteristics in an ultra-
supercritical utility boiler. Firstly, the cold $&a simulations of two-dimensional and three-
dimensional models of furnace are performed. Whthihcrease of Reynolds number from burner
nozzles, the temperature and velocity distributiomsurnace show the trend of symmetrical,
slightly asymmetrical, and completely asymmetricBhe generated tangential radius of flow
becomes larger and declining. It is concluded thatonlinear flow characteristics is the key issue
for the velocity and temperature deviations in tdaegentially fired pulverized-coal boiler furnace.
Secondly, the full combustion simulation is carr@d under BMCR (Boiler Maximum Continuous
Rating) conditions and validated by experimentabsueement. It is also found that the centre of
tangent circle becomes larger along the heighheftoiler furnace and deflects though the burner
structure and boundary conditions are absoluteipnsgtrical. The temperature and velocity
distributions are asymmetrical under BMCR condgioDue to the nonlinear flow, it inevitably
brings the residual swirling flow at the upper face zone which is one origin of temperature
deviation of the gas after the furnace exit.
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1. Introduction

Tangentially fired pulverized-coal boilers are widased in industrial and power plant due to
its well flame fulfilled degree in furnace volumggod flame stability, good adaptability of coal
ranks and loads, low NOx emission and easy oper§ii7].

Among the main issues related to the tangentialgdfpulverized-coal boilers, temperature
deviation is an inherent one. It was investigatet approximately 60% boiler outages results from
boiler tube failure and the temperature deviatianks in the first place among all the operational
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