


High Alkylate blend is specified with a higher MON of 96.7 compared to the rest. These fuels are

tested in micro quantities using the new micro reactor setup to check the capabilities for actual fuel

testing.

A distinctive behavior of the Alkylate blend is seen with T+and T− results at different mixture

velocities. Figure 4.12 (a) shows combustion characteristics of fuels at different velocities, each

compared with 98 RON fuel. All three combustion regimes are observed with the new fuels at

similar transition phases with that of PRFs. In the FREI regime, High Aromatic and High Olefin

have similar ignition temperatures with 98 RON where the differences fall below the uncertainty

levels of 30K. High Alkylate, on the other hand, exhibits higher ignition temperature with 50-60 K

increase compared to 98 RON.
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Figure 4.12: T+ and T− results of new fuels at 1 atm with (a) different mixture velocities at φ = 1
and with (b) different equivalence ratios with v = 40 cm/s

Further fuel tests are conducted at a constant mixture velocity of 40 cm/s and the equivalence ratio

is varied from 1.0 to 0.2. Results are shown in Figure 4.12 (b). The extent of the FREI region

is reduced as the mixture gets leaner till φ = 0.6. Aromatic and Olefin fuel show similar ignition

properties as 98 RON. High Alkylate exhibits higher T+ compared to the rest of fuels.

39



Based on results in the literature[33], the amplitude of FREI is reduced with a decrease in equiva-

lence ratio. This explains a decrease of the FREI zone extent with a decrease in φ . High Alkylate

which possess different MON exhibited distinct combustion behavior in both cases (φ = 1 and v =

40 cm/s cases).

The differentiation for fuels with the same RON but with slightly different MON is observed.

Based on results with gasoline fuels and TSF, there is evidence that fuel characterization w.r.t

MON is possible using a micro reactor.
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Chapter 5
Conclusions and Recommendations

Fuel ignition behavior plays a significant role in improving efficiencies of an IC engine. This

thesis presented an alternative method of characterizing fuels using a simple micro reactor setup.

Primary reference fuels which act as surrogates for gasoline were investigated in a quartz tube

with a controlled temperature profile. Wall temperature measurements in the initial stages are

obtained using a thermocouple; the method is switched to pyrometry in the revised version of the

micro reactor setup for accommodating high pressure tests and for better spatial resolution. All

three flame regimes i.e, stable flame, FREI, and weak flame were observed for different mixture

velocities which agreed with literature. The impact of octane number on the flame characteristics

is examined by extracting wall temperatures at the flame locations. T+/T− temperatures in all

three flame regimes shift to higher temperatures as the octane number increases from n-heptane to

PRF 50. Clear differentiation is not observed between RON 50 - 100. PRF 80 and 90 showed an

increased effect on extinction temperatures at elevated pressures. Further, the transition velocity

from stable to FREI regime dropped from 50 cm/s to 35 cm/s.

The final part of this study demonstrated capabilities for actual fuel testing with the setup. Four

different representative gasoline fuels with the same RON but partially different MON were tested

in the micro-reactor. When the velocities varied from 80 -5 cm/s, all three flame regimes were

observed at transitional velocities similar to PRFs. Higher MON fuel showed somewhat higher

ignition temperature compared to the fuels of same RON but lower MON. This is also observed

in results of TSF 89.3 and PRF 90 at 2 atm. When the equivalence ratio is varied from 1 to 0.2 in

gasoline fuels, the amplitude of FREI is reduced and the transition to weak flame occurred at 0.7

φ . Fuel sensitive results were also noticed with a change in equivalence ratios. Nevertheless, high

pressure tests are required for better understanding of these temperature shifts.
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Based on uncertainties of atmospheric tests, the next phase of the study should concentrate on

pressurized experiments. The ultimate goal from this work is to employ a micro reactor as an

alternative screening tool for fuels under engine relevant conditions (up to 20 bar). The author

would like to suggest the following improvements and recommendations:

• Pyrometry: From results at 2 atm, it is evident that flames quench below 800 K, but the

current pyrometry method can only measure accurately in the range of 850 - 1400 K. Low

signal to noise ratio in the present study led to uncertainties in temperature measurement.

Background noise seems to be problematic at the upstream side of the filament. Pyrometry

accuracy could be improved with a camera sensor of better quality.

• Tube diameter: The results at 2 atm indicated an increase in heat release rate with extinction

at 800 K. The quartz tube diameter needs to be reduced in order allow flame quenching,

thereby maintaining FREI regime in the next phase of high pressure tests.

• Filament diameter: Currently a filament diameter is 75 µm is placed inside a quartz tube of

1 mm internal diameter. To accommodate tubes with diameters around 0.5 mm, the filament

also needs to be scaled down for higher resolution in the filament adjustment and reduced

heat re-circulation effects.

• Dilution: The heat release rate can also be controlled by diluting the fuel-air mixture with

non-combustible gases such as nitrogen or other inert gases.

• Vaporization unit: In this study, heating is not required for PRFs based on Antoine’s results.

While the unit is heated in order to vaporize gasoline representative fuels, the fuel lines

are left unheated. The setup should be updated with heated fuel lines to ensure complete

vaporization at the downstream of vaporization unit.
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Appendix A
Calibration and Pyrometry

A.1 TIFF generation and calibration

Table A.1: Image distribution in TIFF files

Filter Py - camera Ch - camera
395 nm - 30
430 nm - 30
650 nm 15 -
750 nm 15 -
850 nm 15 -
950 nm 15 -
1050 nm 15 -
435 nm 15 -
Total 90 (TIFF - I) 60 (TIFF - II)

Post processing begins with the conversion of raw images of 10 bit PNG format into a stacked

Tagged Image File Format (TIFF file). TIFF is an image format used for storing lossless images

such as PNG files without any compression losses. Also, several user defined information tags

such as multiple exposure values and filter sequence can be included inside a TIFF file which is

required for HDR conversion in later steps. Two different TIFF files are created from the images

taken from pyrometry (py) and chemiluminescence (ch) cameras. Since the py-camera is equipped

with 6 different band pass filters and 15 different exposures with each filter, the TIFF file from the

first camera handles the data of 90 images. Similarly, another TIFF file stores a total of 60 images

(30 and additional 30 duplicate images) from ch-camera which has two different filters. Table A.1

gives the overall image distribution in both TIFF files.

Composite HDR images are generated from TIFF files using python scripts with the Debevec

algorithm [65]. Cube HDR images are used for calibrating positions. Common calibration standard

is achieved from both cameras’ cube HDR images. They are scanned and the pixel intensities

are plotted. Cube detection for the HDR image in py-camera is shown in the Figure A.1. The

boundaries of the cube are detected based on the discontinuities in the intensities. The origin and

a point of 25.4 mm in the spatial domain are calibrated.
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Figure A.1: (a) Cube detection and (b) HDR - I images of cube

A.2 Temperature profiles

Temperature profiles are classified as flame temperature profiles and wall temperature profiles

based on the presence of flame in the channel. Wall temperature profiles are essential for deter-

mining ignition and extinction temperatures. They are obtained from the images of air or nitrogen

running inside the quartz tube at 30 cm/s. Flame temperature profiles are acquired from the images

of filament along with the flame. The current method employs pyrometry technique for tempera-

tures with an incandescent filament as the target object. Temperatures are estimated using the multi

wavelength multi band approach [24] (refer section 2.6). Wall and flame temperature profiles are

extracted from the HDR-I images. Figure A.2 shows the extracted wall temperature profile from

pyrometry with air flowing inside the tube (φ = 0).

Figure A.2: Wall temperature profile extracted using pyrometry
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Appendix B
Filament Processing

B.1 Filament subtraction

Figure B.1: HDR images of captured flame regimes

Figure B.1 shows the tone mapped HDR images of flames at 430 nm region, processed from ch-

camera images. In all three cases, combustion zones can be seen. However, in the weak flame

case B.1(c), the filament luminosity is dominating the chemiluminescence of the weak flame. This

imposes processing complexities for acquiring the flame locations.

Filament subtraction step in the post processing stage is introduced due to the complications oc-

curred while obtaining weak flame locations. Additional 394 nm filter is equipped to mitigate the

speckles formed on the quartz tube after prolonged heating. Filament emissions are similar in both

wavelength regions, but the chemiluminescence is weak in 394 nm region. A synthetic filament is

calculated from the temperature profile and is used for subtracting out the filament from 430 nm

image and the flame locations are determined from the resulting image. Figure B.2 illustrates the

subtraction process from an HDR image with flame and filament.

B.2 Flame locations

Flame locations are determined from the filament subtracted images. The locations are detected

based on a threshold value in pixel intensities. Three points are determined on a flame peak from

the scripts as shown in the Figure B.3 termed as xext , xmax, and xign. The points xext and xign denotes

the boundaries of the flame zone whereas the point where the highest intensity is seen is termed as

xmax. In case of FREI, xext and xign denotes the extinction and ignition points. A Similar processing

script will be used on the flame temperature profile for calculating “Tmax” which indicates the

characteristic flame temperature at the peak position. To obtain extinction (T+) and ignition (T−)
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Figure B.2: Filament subtraction [8]

temperatures of the flames, locations xext and xign are correlated on to the wall temperature profile.

Flame locations at each mixture velocity are determined and correlated to wall profile to obtain

T+and T− temperatures.

Figure B.3: Flame location points
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