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Macro— and Micro—scale Observation on Dynamic Behavior of Diesel Spray Affected by
Ambient Density and Temperature

Seiji Miyashiro, Mohd Al-Hafiz Mohd Nawi, Yoshiyuki Kidoguchi, Naoya Uwa, Yuzuru Nada
SAE/JSAE 2014 Small Engine Technology Conference & Exhibition
Paper # 2014-32-0125 (2014-11-11)

Abstract
High boosting technology is commonly applied to diesel engines in recent years. One the other hand, the study of spray

behavior at ignition delay period is still an important role in diesel combustion. This study is focused on effect of ambient
condition on diesel spray during ignition delay period. The study investigates both macro-scale and micro-scale dynamic
behaviors of diesel spray affected by ambient density and temperature at early stage of injection. The experiment user dual
nano-spark shadowgraph method and rapid compression machine with constant volume chamber to understand dynamic
behavior of evaporation diesel spray. This technique enables to capture images of both macro- and micro-scale structure of diesel
spray using a still camera. Further, this system has two sparks that send high intensity light toward spray. When the sparks
produce the luminescence at short time interval, images of the same diesel spray at different timing can be captured on
separated films. The images show droplets formation, atomization and evaporation at spray boundary. The separated images
offer information on dynamic behavior of spray. The experiment uses single-hole injector with hole-diameter of 0.18mm. The
chamber is filled with inactive gases to take spray image without burning because this study is focus on spray behavior during
ignition delay period. The ambient condition is controlled by initial setting of rapid compression machine. Ambient density,
ambient temperature and injection pressure are changed as experimental parameters. Density is changed from 11.5kg/m3 to
25kg/m3 and temperature from 289K to 700K. Injection pressure is set at 100MPa and 139MPa. The captured micro-scale
images reveal shape variation of branch-like structures formed at spray boundary. Evaporation of proplets is also captured also
captured clearly in macro- and micro scale photographs under condition of high temperature ambient. Detail observation and
analysis of the images show that high ambient density affects spray atomization at upper stream of diesel spray at early stage of
injection. High temperature and high density air entrainment into spray promotes droplets evaporation, in particular, at upper

stream of spray. At high density ambient, spray evaporation and mixture formation is first promoted at middle stream of spray

region that is about 20mm from injector outlet.
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Effect of Temperature on Cyclic Behavior of AZ31 Mg Alloy Sheet

Tetsuo Naka, Takashi Katahira, Syohei Hosokawa, Masahide Kohzu, Hiroaki Adachi, Fusahito Yoshida
Advanced Materials Research: Vol. 939(2014-5-7) pp 47-52

Abstract
Magnesium alloy sheets have a potential to be widely used in many fields of industry due to their excellent lightweight property.

Although magnesium alloys have low ductility at the room temperature due to their hexagonal close-packed structure, their
formability can be improved at elevated temperatures. Therefore, warm press-forming of magnesium alloy sheets is an attractive
technology. The objective of the present work is to investigate the cyclic plasticity behavior of an AZ31 sheet at elevated
temperatures by performing cyclic tension-compression experiments. The cyclic deformation mechanism is examined by

measuring the crystallographic orientation distributions by means of X-ray diffraction method at each stage of the cyclic

deformation.
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Finite Element Analysis of High Tensile Strength Steel Sheet by using
Complex Step Derivative Approximations

Tetsuo Naka, Takeshi Uemori, Hiroshi Miyake, Michihiro Takiguchi, Fusahito Yoshida
Key Engineering Materials: Vol. 626(2014-9-1) pp 187-192

Abstract
The framework for the complex step derivative approximations (hereafter CDSA) to calculate the consistent tangent moduli is

studied. The present methods is one of the most effective methods to implement any material constitutive equations to the
commercial finite element codes and dose not suffer from calculation conditions and errors. In order to confirm the efficiency of
CDSA, we developed the user subroutine code based on the CDSA using associative J2 flow rules with general nonlinear
isotropic hardening rules that is commonly and widely utilized in commercial finite element codes. In this study, the user
material subroutine Hypela2' of MSC.Marc(ver.2013.0.0) was utilized. The finite element calculation result by the proposal
method shows a good agreement with the corresponding result by the MRC.Marv default setting. Also we apply the

Yoshida-Uemori back stress model to the complex step derivative approximations and evaluate this new technique to predict the

deformation behavior of high tensile strength steel sheet.

Observations of Cyclic Deformation Behaviors of Aluminum Sheet and Constitutive Modeling

Tetsuo Naka, Takeshi Uemori, Satoshi Sumikawa, Fusahito Yoshida
Procedia Engineering: Vol. 81(2014-10-19) pp 933-938

Abstract
Aluminum sheet metals have been widely utilized for a light weight construction of automobile. However, these metals still remain one

of the difficult materials to predict the accurate final shapes after press forming processes, because of several mechanical features such as
plastic anisotropy of yield stress and small Lankford value. In order to solve the problems, the present author has developed a new
constitutive model. The model can describe accurate non-proportional hardening behaviors of aluminum sheet metals. In the present
research, some experimental procedures were carried out to reveal the mechanical properties of an aluminum sheet under proportional
and non-proportional deformations. The comparisons between experimental data and the corresponding calculated results by the

proposed constitutive model confirm the advantages of our model.
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