Osaka University Knowledg

Study on the Influence of Carbon Dioxide on the

Title Oxy-Hydrogen Cutting Performance
Author(s) |Pinzon Acosta, César De Jesus
Citation | KPrRKZE, 2019, LA

Version Type

VoR

URL

https://doi.org/10.18910/73577

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




Form 3

Abstract of Thesis
Name (César De Jesus Pinzon Acosta)
Study on the Influence of Carbon Dioxide on the Oxy-Hydrogen Cutting Performance
Title (WAL R D3 K T AT A GIBT R RE I S BB B9~ D WF9E)
Abstract of Thesis

During the last years, there has been a growing interest in using Hydrogen (Hz) for the preheating flame of the oxy-fuel cutting
since the use of H2 improves the cutting performance, reduces the thermal distortion of the workpiece and the Carbon Dioxide
(CO2) emission. In practical applications of oxy-hydrogen cutting, a fossil gas is added into H2 gas to improve the preheating
flame visibility and the process safety. The addition of fossil gas deteriorates cutting performance, but the mechanism of this
deterioration has not been clarified yet. There is an incentive to clarify the mechanism and optimize the preheating gas
composition, and these are objectives of this study.

The present study is composed of six chapters, as follows:

Chapter 1 gives a background of this study. Current problems and challenges concerning Oxy-Hydrogen cutting are presented.

Additionally, this chapter states the problem, objectives and the structure of this study.

Chapter 2 presents the numerical theory used in this study. An inverse heat conduction analysis (IHCA) method which can
identify the local heat transfer parameters (the gas temperature right on the plate, 7¢, and the heat transfer coefficient, a) of the
preheating flame, is proposed. A quasi-static three dimensional finite element code with moving coordinate systems is developed.
This code can perform heat conduction analysis in which the heat supply due to preheating gc and that due to metallic combustion
qs are separately assessed. A new estimation technique of the kerf temperature distribution based on the two-dimensional

Matsuyama’s solution is developed.

Chapter 3 presents the description and results of the experimental tests. Spot heating tests of thin circular plate are performed to
identify T¢ and o of the gases Ha, a mix of H2-CO2, and a mix of H2-Ar, by using the IHCA method developed in Chapter 2.
Piercing tests of thick steel plate, in which the minimum piecing time, tmin, is measured, are performed to validate 7¢ and o
identified by the IHCA method. Cutting tests of thick steel plate are performed, and the groove geometry (cutting front shape,

curvature of the cutting front, kerf width) are measured for various preheating gas conditions.

Chapter 4 presents the numerical results of IHCA for the spot heating test results and the direct thermal conduction analysis
(DHCA) of the piercing tests. T and o are identified from thin plate’s temperatures measured in the spot heating tests. Thick
plate’s heating face temperatures in the piercing tests are analyzed by DHCA in which T¢ and a for the spot heating tests are
adopted. By employing the steel kindling temperature as the prerequisite for piercing, fmi is calculated. The estimated and
measured tmin show good agreement. This demonstrates the validity of the identified local heat transfer parameters and the
developed IHCA method. It is found that the heat efficiency and piercing performance of Hydrogen preheating flame deteriorates

with the increase of the inert gas’s mixing ratio, and CO2 has more harmful effect than Ar.

Chapter 5 presents the numerical results of three-dimensional quasi-static FE analyses of the oxy-hydrogen cutting process. It is
shown that the kerf temperature estimation technique developed in Chapter 2 can achieve a smooth three-dimensional kerf
temperature distribution for cases with heavy thickness and inclined cutting fronts. It is also shown that g shows substantial
decline while g5 remains unchanged when COz is added to Ha gas. This suggests that the cutting performance deterioration due

to COg, reported in the literature, is caused solely by the decrease in the heat transfer from the preheating flame.

Chapter 6 summarizes the conclusion of the main points in this study. This chapter also discusses further works that may improve

the effectiveness and adequacy of the proposed technique.
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