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1- Electric valve

2- Dilution Rotameter

3- Oxidizer Rotameter

4- Tuel Rotameter

5- Pressure Gauge

6- Fuel Preheat Chamber

7- Digital Camcra with Vertical View

8- Digital Camera with Viewing Angle

9- Combustion Chamber

10- Monitor

11- Electricity and Temperature Control Panel

12- Spectrometer

A
/ o
13- Computer ‘ = N 2 20*79/,2-9“ 120:59
Figure 1 - View of the Combustion chamber and Test Stand of micro-Combustion
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Rotameter Pack Regulator Pack

1 Valve

2 Oil Pressure Gauge

3 Pressure Gauge

4  Regulator

5 Solenoid Valve

6 Filter

7 Rotameter 13 Spectrometer
a8 8 Check Valve 14  Spectrometer Probe

9  Thermocouple K type 15  Igniter

10 Digital Thermal Indicator 16 Data Logger

11 Pressure Sensor 17 Camera

12 Digital Pressure Indicator 18 Computer

Figure 2 - Schematic view of the Test Stand
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Figure 3 - A) View of the combustion chamber, B) Schematic view with fuel and oxidant inlets
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Table 1- Specifications of systems and measuring instruments in the test

Specifications Quantity Units Accuracy
General dimensions of the chamber 12x100x100 mm + 0.1 (mm)
Dimensions of the flame formation zoon 5x5%29 mm +0.1 (mm)
Thickness of the quartz part of the chamber 5 mm + 10 (um)
The capacity of fuel and oxidizer flowmeters 15 SLM + 5% (Full Scale)
Wavelength range of the spectrometer 200 - 1100 Nm -
Spectrometer resolution 1.8 Nm -
Diaphragm diameter (Optical fiber scanner) 0.38 mm -
Exposure time 10000 Ms -
Fiber Optic Diameter 600 pum -

A) Opgcal Fiber B)
13mm (I (‘?'

==

47mm

56 mm

Thermocouple location

Figure 4 - A) The image of the tube used on the optical fiber, B) The position of the tube about the combustion chamber, C) The view
of the thermocouple under the combustion chamber with the cooling fan
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Table 2- Fuel, air, and diluent flow rates and equivalence ratios for each test

Test Number D, @ Q, (SLM) Q4 (SLM) @y (SLM) Re, Re;
1 0 1.6951 7.609 0.000 7.014 1025.03 1508.39
2 5 1.6951 7.609 0.401 7.014 1114.44 1508.39
3 10 1.6951 7.609 0.845 7.014 1214.29 1508.39
4 18 1.6951 7.609 1.670 7.014 1400.55 1508.39

Dy, N Dilution percentage; ¢, Equivalence Ratio; d,, Oxidizer Flow Rate; @4, Dilution Flow Rate; (jf, Fuel Flow Rate; Re,, Reynolds
number of Oxidizer Inlets; Res,Reynolds number of Fuel Inlets.
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Table 3- Chemical routs of formation of excited chemiluminescent species [24,25,27].

Wavelength Reaction Radical
310 CH + O, » CO + OH* OH*
431 C,H+0 - CO+CH* CH”
471 CH;+C —» H, + C* ct
516 CH+H-H, +C* 2
350-600 CO+0+M—-CO*+M CO;5
933 OH* + CH4 = H,0* + CH3* H,0*

ann

Warvelength (nm)

Fi W) (W B
L

N L0AY o VIS o IR
Figure 5 - Emission spectra in micro-combustion at a constant equivalence ratio of 1.69 , a constant fuel flow rate of 7.014 and a
constant oxygen flow rate of 7.609 and a zero diluent flow rate.
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A) Tungsten lamp reference spectrum B)  Tungsten lamps Uncalibrated spectrum
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Figure 6 — A) Reference diagram of tungsten lamp from 350 to 1100 nm wavelength, B) Uncalibrated spectrometer diagrams of
tungsten lamps.
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Figure 7 — A) Diagram of calibration coefficients relative to wavelength in the range of 350 to 900 nm, B) Comparison of
calibrated data of tungsten lamps and uncalibrated data received from the spectrometer
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Table 4- The temperature of the pyrometric method and the temperature of the thermocouple read for validation tests at the
wavelength of 744 nm

Test Number Tpm (°C) Tys (°C) AT (°C)
Test 1 1140.25 1141.9 1.65
Test 2 1139.93 1132.7 -7.23
Test 3 1116.11 1120.7 459
Test 4 1093.30 1107.8 -1.22
Test5 1091.52 1090.3 -1.22

Average 1116.22 1118.68 2.46

Tpum, Temperature calculated by Pyrometric Method; Ty, Thermocouple Temperature; AT , The Temperature difference of the two Methods
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Figure 8 — A) View of a test setup of methane flame temperature measurements by two methods directly and a two-color method
pyrometry for calibration. B) Schematic diagram of the location of the lux meter and the spectrometer and the test distances
relative to the light source
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Figure 9- A) The graph of the exposure time to the intensity of radiation for the reference lamp at a distance of 120 cm from the
lamp 100 Watt. B) Diagram of the ratio of radiation intensity changes according to the distance compared to the lamp 100 Watt.
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Table 5- Lux value table based on exposure time

Test Number Exposure Time (ms) Radiation Intensity (a.u.) Light Intensity (lux)
1 10 455.101 0.68
2 50 2186.016 34
3 100 4420.863 6.8
4 500 22047.528 34
5 10000 440902.529 680
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Figure 10 - View flame in 900 seconds for four modes without dilution (1), with the dilution of 5% (2), with the dilution of 10% (3),
with the dilution of 18% and the amount of coverage of the spectrometer scanner from the flame surface.
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Figure 11 - Flame length diagram at different times for various dilutions rates.
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Figure 12 - A) Comparison of OH* radical radiation in the ratio of different dilutions, (B) Comparison of OH" radiation intensity in
the different dilutions percentage at the beginning of the tests.
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Figure 13 - A) Comparison of CH* radical radiation in the ratio of different dilutions, (B) Comparison of CH* radiation intensity in
the different dilutions percentage at the beginning of the tests
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Figure 14 - A) Comparison of C; radical radiation in the ratio of different dilutions, (B) Comparison of C; radiation intensity in the
different dilutions percentage at the beginning of the tests.
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Figure 20 - Comparison of flame temperature changes over the test time for different dilution ratios
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Figure 21- Changes in Light intensity over time for different dilution ratios
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Introducing a novel spiral-channel combustion chamber and experimentally
investigating the effect of nitrogen dilution on non-premixed micro methane-
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In this study, the experimental investigation of oxygen-methane combustion has been done by investigating the
effect of nitrogen dilution in a novel spiral-channel combustion chamber along with the recovery of thermal
energy of the products. The methane-oxygen non-premixed flame by a fixed equivalence ratio of 1.69, with
nitrogen dilution percentages of 0%, 5%, 10%, and 18%, has been investigated with the spectroscopy method.
The chamber is made of aluminum and created as a spiral-form channel to aid heat recovery. In this chamber, the
combustion gases then pass a path parallel to the inlet flow, causing the inlet gases to be preheated. Also, oxygen
is diluted and mixed with nitrogen before entering the chamber. Based on the results, by increasing of the diluent
ratio the reduction of the H,O" radical radiation spectrum has been observed, where indicates complete
combustion. In general, with the increase of the dilution ratio, the flame length increases, and in 5% and 10%
dilution states, the best temperature distribution uniformity, and the completion of the combustion reaction chain
are observed.

Keywords: Methane-Oxygen Flame, Nitrogen dilution, Meso-scale helical-channel combustion chambers, Non-
Premixed Combustion, Flame Spectroscopy Method.
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