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[Chapter 1 Introduction] Spray combustion is widely utilized in
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industrial combustors. Since environmental destruction such as acid
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rain caused by NO, emission is serious problem, advanced spray Fuel injection
s
combustion is required. Advanced spray combustion is super Fig, 1 Schematic digram of a jet bumer
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low-NO, emission (under 30 ppm at 0%/, concentration) and high T

efficiency combustion. An important points for advanced spray G i
combustion are (1) the mixing between spray and air, (2) _4.%
atomization (secondary atomization of emulsified fuel) and (3) -4~ - ---
advanced numerical simulation. This work focuses on above points. _1_11

Focusing on numerical simulation, an experimental and numerical -d

investigation were carried out to achieve the advanced spray g |

combustion. - =
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Fig. 2 The effect of inlet nozzle diameter on

[Chapter 2 Numerical simulation of spray combustion for predicted temperature distribution
50
low-NO, emission] The effect of the mixing of air and spray on i w0t i ¢
combustion behavior and exhaust NO mole fraction was gj: A
investigated by numerical simulation with k-g two-equation model. g :
The configuration of combustion chamber is shown in Fig 1. 5 ::: “'\4 - 1
Kerosene was used and air ratio was 2.0. Fig. 2 shows the effect of g » 1
inlet nozzle diameter on predicted temperature distribution and k " Moo v "
Fig. 3 The effect of the parameter M on
exhaust NO mole fraction
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exhaust NO mole fraction. When the diameter of air inlet nozzle

decreases, exhaust NO mole fraction decreases because the
residence time in the high temperature region drastically decreases
due to the improvement of mixing of spray and air. It is shown that
the mixing process of the fuel and the air had an important effect on
low-NO, combustion. The exhaust NO mole fraction is also related

with not only the residence time #, but also the NO formation
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Fig. 4 Schematic diagram of experimental
laminar NO formation reaction rate in high temperature region (M) ~ aPparatus for spray combustion

reaction rate. Therefore, the product of the residence time and the
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[ Chapter 3 An experimental investigation of secondary 0 10 20 30 40 50 60 70 80 90
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atomization and spray combustion of emulsified fuel] The Fig. 5 Superheat temperature distribution
just before the occurrence of puffing and
occurrence of micro-explosion and puffing is widely accepted to micro-explosion
1200 y v +
explain the decrease in CO and soot emission. In this chapter, the %
1800
characteristics of emulsified fuel were investigated by the single o £ a
2
droplet experiment and the spray combustion experiment. The 1 s %
§
amount of the surfactant added in the emulsified fuel was 0,75 vol%. B im0
o Kerosene (Case A1) x|
Water content was 10 vol%. The step in preparing the W/O 1400 Emulsified e} (Case A2) T
emulsified fuel was to add the water and the emulsifying agent into B i an oa . 0 e G4
=D [
kerosene and the mixture was stirred by the supersonic homogenizer. Fig. 6 Axial distribution of gas temperature

A single droplet suspended from an R-type thermocouple was heated in an electric furnace, and the droplet during heating was
observed using a high-speed video camera. Fig. 4 shows schematic diagram of experimental apparatus for spray combustion. A
twin fluid atomizer was used in the combustor. Air ratio was 1.18. Fig. 5 shows superheat distribution just before the
occurrence of puffing and micro-explosion obtained from single droplet experiment. It is found that the probability of the
micro-explosion increases with an increase in the superheat temperature. Fig. 6 shows the axial distribution of gas temperature
in the combustor. When the emulsified fuel is used, the gas temperature is reduced by about 200 K at x/D = 0.48. However, the

gas temperature increases rapidly at x/D = 0.72 and there is no peak of the gas temperature, It is shown that micro-explosion
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and puffing enhanced the combustion reactions although the additional
water causes ignition delay

[ Chapter 4 Development of mathematical model for
micro-explosion and puffing ] Numerical simulation of spray
combustion of emulsified fuel exhibits complex features. The main
problem is that micro-explosion or puffing occurs when the emulsified
fuel droplet is heated. Since micro-explosion is instantaneous
phenomenon, it can be assumed that droplet changes vapor rapidly at the
occurrence of micro-explosion. However, puffing occurs continuously. In
this chapter, the mathematical model for puffing which was simple to
apply the numerical simulation of spray combustion was proposed.
Puffing is that water vapor is blown out from the droplet surface with fine
droplets. Therefore, the mass change equation of emulsified fuel droplet

during puffing is given as:

dmil _ dmie‘-apomim:ir dmd,pufﬁny (; _ F, W) M
dr ds de
Itis assumed that (dmpuging/dr) is expressed as follows:
d
dmd,puﬁnsJ iy My, M4 evaporation,w (i=F, W), @)
dr My + My, dr

where 4 is experimental parameter. In the single droplet calculation, the
equations of the rate of mass change and heating of a droplet are solved

with the explicit Euler method. The time step is setto 1 ps.

Fig. 7 show the evaporation characteristics of the emulsified fuel droplet when water content is 10 vol%. When puffing occurs
continuously (¢t = 600 ms), the droplet diameter drastically changes due to the generation of water vapor in the droplet. After

the evaporation of the dispersed water is completed, the droplet diameter decreases smoothly. The calculated results with the
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Fig. 8 Radial distribution of gas
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Parameter A varied from 5.0 to 10 are in good agreement with experimental ones.

[Chapter 5 Numerical simulation of spray combustion of emulsified fuel with considering puffing and
Micro-explosion] Numerical simulation of spray combustion of emulsified fuel with considering micro-explosion and

Puffing was carried out. The occurrence of micro-explosion and puffing is determined by the droplet temperature. The
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temperature at the occurrence of puffing and micro-explosion is determined to each computational droplet by random numbers
with probability function as shown in Fig. 5. When the temperature of droplet in which micro-explosion occurs reaches T, 2
droplet is evaporated rapidly. When the temperature of droplet in which puffing occurs is higher than 7, the mass change
of a droplet is expressed by Eq. 1. Fig. 8 shows radial distribution of gas temperature. The calculated results of emulsified fuel
without considering puffing and micro-explosion are different from the experimental ones. However, the calculated results

using the proposed model are in good agreement with experimental ones.

[ Chapter 6 Advanced numerical simulation for spray combustion] In chapter 2 and 4, the steady calculation was carried
out. However, steady calculation only provides the restricted information. The restricted information obtained from steady
calculation precludes accurate prediction of combustion-induced instabilities and unsteady vortex dynamics. Alternatively,
Large Eddy Simulation (LES) is attractive as it provides a compromise between accuracy and cost. This chapter presents LES
of co-axial jet flows. Fig. 9 shows radial distribution of axial turbulent intensities. In LES, 1,282,752 CVs (Control Volumes) is
used. When A-£ two-equation model is used, the turbulent intensities are quite different from the experimental ones. When the
standard Smagorinsky model is used, calculated turbulent intensities are underestimated, and a lot of CVs are needed to predict
the turbulent intensities accurately. When the dynamic SGS model is used, the calculated resuits are in good agreement with

experimental ones. [t is shown that the dynamic SGS model does not need a number CVs which is used in the calculation.

[Chapter 7 Conclusions] In this thesis, an experimental and numerical investigation were carried out. The main
contribution of the present thesis is the developmerit and application of numerical simulation for advanced spray combustion.
The effective guide for the low-NO, combustion was obtained and numerical simulation of spray combustion of emulsified

fuel was developed.
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