


AESSEEESEEESEE Correcilon Tactor #4#Ssdsdadaadddadadadadaddsdsss
cor_fac = np.array(y_model_trend) / np.array(y Measured_norm_trend}

datal = open{'Correction factor allinone.csv','w')
cswwriterl = csv.writer(datal)
cswwriterl.writerow(x_Measured)
cswwriterl.writerow({cor_fac)

#HEFEHEEFEEF Tinal list of correction values for y measured ########333333400adaassses
y_Measured cor = cor_fac * np.array(y_Measured_norm)

HHHHHARAE CHARTS $HRHHERHRHRRHEHHRRHRHRRRRRHRRHRHRRERRERRRRRA
# Model line - actual and trend line

figl = plt.figure(l1)

plotl = figl.add subplot(4,2,2)

plotl.plot(x model,y model)

plot2 = figl.add subplot{¢ 2,2)

plotz.plot{x Measured,y | Measured_cor)

plt.xlabel( " n.@.@nﬂ_h (nm} ")

plt.ylabel( Intensity')

plot3= figl.add subplot{¢,2,¢)
plot3. plot{x Measured Yy model _trend)
plt.xlabel( w ngt h Tnm)
plt.ylabel(’ ]n_en sity')

# Measured line - actual and trend line
plot4 = figl.add subplot(4,2,6)
plot4.plut{x Measured,y Measured norm)
plt.xlabel( 'wavelengt h Tnm) ")

plt.ylabel( ' Intensity')

plot5 = figl.add subplot{4 2,8)

plot5.plot{x Measured, y_Measured_norm_trend}
plt.xlabel( ' wavelength (nm}'})

plt.ylabel( Intensity'})
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4.3 Measurement post-processing script

#!/usr/bin/python3. 4
HEHEHEE IMPORT SECTION #HHEHEHEHEHREHEHEHRRERRRRRRRRRRRRRRHRHHRHRHAHEH

#Basic modules

import csv

import matplotlib.pyplot as plt
import math

import numpy as np

#Image module

import scipy.misc as misc

from scipy.misc import imread

from scipy.misc import imsave

#Abel module

import abel as abel

import abel.transform as transform
from abel.transform import Transform
#Integration module

import scipy.integrate as integ

from scipy.integrate import trapz
#For a nmber of files in a directory
import os, os.path

#For finding the index of the pxel charactricterized by the highest value of intensity
from numpy impert unravel_index

# import calibration list for every wavelength from Calibration script
from Calibration impert cor fac

#Data:
rho_CHA = ©.668 #kgh/m3N
rho_C02 = 1.842 #kgh/m3N
rho_02 = 1.331 #kgh/m3N
rho N2 = 1.165 #kgh/m3N
M_CHA = 16 #kg/kmol
M_C02 = 44 #kg/kmol
M 02 = 32 #kg/kmol
M N2 = 28 #kg/kmol

CH4 flow = np.array([0.7, 1.3, 2.2, 3.6, 5.8, 7.11) #Nl/min fuel and oxidizer flow is variable
ox_flow = np.array([4.2, 6.6, 10.0, 14.3, 21.1, 23.6]) #Nl/min oxidizer flow

#diameters:

r_CH4 = 0.001 #m

r_ox = 0.025 #m

# mass Tlows:

CH4 flow mass_array = [I]

ox flow mass arrav = [1
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#oxidizer content
ox_cont array = []
# SIGNALS
OH_signal_array =
CH signal array =
C02 signal array =
#mole fractions:

n frcH4 array = [1
n_fTr02_array = [I]
n frN2 array = [1]
n frco2 array = []

#Mass flows of fuel and oxidizer:

CH4 flow mass array = []

ox_flow mass_array = []

#choose C02 or N2 (air) as a diluent of oxygen
Marker = 'n2'

[1
[1
[

#file directory

if Marker = '12":
file_directory = '/home/jb8183/Measurements/Results/Premixed N2/’
if Marker = 'coz2':
file_directory = '/home/jb0183/Measurements/Results/Premixed COZ2/NEW/'

number of files = len{[name for name in os.listdir{file directory)
if os.path.isfile(os.path.join(file directory, name}}])

My range = number of files - 1 #minus 1 file with other data
ox_start = 35 #starting value of the oxidizer content
for i in range(My range):

ox_cont = ox_start + 5*1

ox_cont array.append{ox_cont)

print{ox cont)|

if Marker == '112':
file name = 'lpremixed-N2-' + str{ox cont) + ' 1’
if Marker = 'C02':

file name = 'KGpremixed' + str{ox comt) + ' 1°

#mass Tlow of CH4

CH4flow mass = CH4 flowli] * (1/60) * (1/1008) * rho CH4 #(kg/s)
CH4 flow mass array.append(CH4flow mass)

#mass flow of 02

02 flow = (ox_cont/108) * ox_flow[i]
02flow mass = 02_flow * (1/60) * (1/1000) * rho 02 #(kg/s)
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if Marker == 'N2':
#mass flow of N2

N2 flow = (1-{ox_cont/100)) * ox_ flow[i]
N2flow mass = N2_flow * (1/60) * (1/1000) * rho N2 #(kg/s)

#mass fractions

mfrCH4 = CH4flow mass/(02flow mass + N2flow mass + CH4flow mass)
mfro2 = 02flow mass/(02flow_mass + N2flow _mass + CH4flow_mass)
mfri2 = N2flow mass/(02flow mass + N2flow mass + CH4flow mass)

#mole fraction

nfrcHd = (mfrCH4/M_CH4) / (mfr02/M_02 + mfrN2/M_N2 + mfrCH4/M_CH4)
nfro2 = (mfro2/M 02) / (mfro2/M 02 + mfrN2/M N2 + mfrCH4/M _CH4)
nrinNZ = (mfruN2/M N2} / (mfro2/M 02 + mfrN2/M N2 + mfrCH4/M_CH4)
n_frCH4 array.append(nfrCH4)

n_fro2 array.append(nfroz)

n_frN2 array.append(nrfNz)

FHHHHHHERHHHRHRHERH

#density of oxidizer:

rho_ox = (ox_cont/108) * rho 02 + (1 - (ox_cont/1@0)) * rho N2

#mass flow of oxidizer:

ox_flow_mass = ox_flow[il * (1/68) * (1/1008) * rho_ox * 1/(3.14*(math.pow(r_ox,2)}) #{kg/m"2/s)
ox_flow mass_array.append(ox_flow mass)

if Marker == 'C02':
#mass flow of CO2
€02 flow = (1-(ox_cont/100}) * ox_flowl[il
C02flow_mass = C02_flow * (1/6@) * (1/1000) * rho_C02 #{kgh/s)

#mass fraction

mfrCH4 = CH4flow mass/(02flow_mass + CO2flow_mass + CH4flow mass)
mfro2 = 02flow mass/(02flow mass + C02flow mass + CH4flow mass)
mfrC02 = C02flow mass/(02flow mass + CO2flow mass + CH4flow mass)

#mole fraction

n_frcH4 = (mfrCH4/M CH4) / (mfr02/M 02 + mfrC02/M _CO2 + mfrCH4/M CH4)
n_froz = (mfro2/M 02) / (mfr02/M_02 + mfrC02/M CO2 + mfrCH4/M_CH4)
n_rfcoz = (mfrco2/M C02) / (mfroZ/M 02 + mfrC02/M CO2 + mfrCHA/M CHA)
n_frCH4 array.append(n_frCH4)

n_fr02 array.append(n_fro2)

n_frcC02_array.append(n_rfcoz2)
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#density of oxidizer:

rho ox = (ox_cont/100) * rho 02 + (1 - {ox_cont/180)) * rho C02

#mass flow of oxidizer:

ox_flow mass = ox_flow * (1/68) * (1/1808) * rho_ox * 1/(3.14*(math.pow(r_ox,2))) #(kg/m~2/s)
ox_flow mass array.append(ox flow mass)

if Marker = 'C0Z2":
#define image size (physical dimension) - number of pixels should be odd
Left = 74
Right = 171

if Marker = 'NZ':
#define image size (physical dimension) - number of pixels should be odd
Left = 70
Right = 181 + 20

#HHHHHA READ DATA FILE SECTION ##HHMHHHHHHHEHHEHHEEHERHEEREERRERRERRRRRRR
full_directory = file directory + file_name + '.fxt’
filel = open(full_directory, 'r')
#read all the lines
all lines = []
with filel as f:
for line in f:
inner list = [elt.strip() for elt in line.split(','}]
all lines.append(inner_ list)
#delete empty space in the first line (it must be done - in other case an error occurs)
del all lines[0][-1]
#delete the first element in every list
loops = len(all lines)
for i in range(loops):
del all lines[i][@]
#convert list of strings to list of floats
all lines = [[float(fleat(j)) for j in i] for i in all lines]
#CLOSE TXT FILE !
filel.close()

# creat a list of values for X axis (wavelength} - to cut off ,,dead area'’
cut L = 38

cut R = 980

x1 = all lines[1][cut L:cut_R]
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#summing pixel arrays
y_up OH = 8
y_down_OH = 30

# prepare intensity values (taking into account calibration by correction factor)
yl OH = cor_fac * np.array((np.sum(Choose Image[y up OH:y down OH], axis = 0)[cut_L:cut R]})

R CH R
#summing pixel arrays

y up CH = 17

y_down_CH = 39

y1 CH = cor_fac * np.array({(np.sum(Choose Imagely up CH:y down_CH], axis = 0)[cut_L:cut RI))

PR (02 R
y1 C02 = y1 CH
if Marker = ' :

y_up OH = 14
y_down_OH = 35

# prepare intensity values (taking into account calibration by correction factor)
y1 OH = cor_fac * np.array((np.sum(Choose Image[y up OH:y down OH], axis = 0)[cut_L:cut R]})

TR (H deeiaieteieRR R

y up CH = 24
y_down_CH = 42

yL CH = cor fac * np.array({np.sum{Choose Imagely up CH:y down CH], axis = 0)[cut L:cut R]}}

#eddadassssd Intensity charts #ddedsdssds

### limits for Intensity and integration charts ###
X lim L = 250

X_lim R = 550

####### final chart - half from OH range, half from CH and CO2Z range ########aeH
y1l final = list({ y1 OH[:(len{yl OH)/2)] )} + list( y1 CHI(len(yl CH)/2):] )

yl final = [x/1000 for x in y1 finall
plot3 = figl.add subplot(1,1,1)
plot3.plot(x1,yl final,label = '¥X 02 = ' + str{ox_cont) + '%')
#plt.title('CH and C02 signal', fontsize=12, fontweight='bold"'})
plt.xlabel ('wavelength (nm}')

plt.ylabel( Intensity')

plt.ylim([®, (max(yl_final) + 8.12 * max(yl final))])
plt.xlim([X_lim L,X lim_RI)

plt.legend()

plt.savefig( 'Complete signal' + Marker + '.jpec

'}
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HHHHEEE SAVE TO CSV #HHHHHEHNHNHRRES

datal = open('Intensity as a function' + stri{ox_cont) + 'of a wavelength.csv','w')
csvwriterl = csv.writer(datal)

csvwriterl.writerow(x1)

csvwriterl.writerow(yl final)

datal.close()

# INTEGRATION FUNCTION ##di iR
def Integration (int L,int R,yl):

#integrated part of the signal

x1_int = all_lines[1][int_L:int R]

yl int = yllint L:int R]

#integration of the signal with background

int_all = trapz(np.array(yl_int),np.array(x1 _int))

#EEEAEEEEEEE trend line to cut off the bottom ###essdssdsdaddidaiiss

#range as a basis for trend line

LeftL = int_ L - 70

LeftR = int_L # left side of integration range

RighrL = int_R # right side of integration range

RightR = int R + 78

x1_base_tr = np.array(all_lines[1][LeftL:LeftR] + all_lines[1][RighrL:RightR])
yl base tr = np.array(list(yl[LeftL:LeftR]) + list({yl[RighrL:RightR]}}

#coefficients for polynomial, 4th degree
coe_tr = np.polyfit{x1l_base_tr,yl base tr,6)

#create y cutoff values for model according to coefficients

loops = len(x1_int)

y_cutoff = []

for i in range(loops):
y_fit_model = coe tr(@]*math.pow({x1_int[il,6) + coe trill*math.pow(x1 _int[i],5)
+ coe_tr[2]*math.pow(x1_int[i],4) + coe_tr[3]1*math.pow(x1_int[i],3)
+ coe_tr[4]*math.pow(x1_int[i],2) + coe tr[5]*x1 int[i] + coe tr[&]
y_cutoff.append{y_fit_model)

# integration with cutted area
int_cutoff = trapz(np.array(y cutoff), np.array(xl_int))

#signal - area of total signal minus background
signal = int_all - int_cutoff

return{signal, x1 int, yl int, x1 base tr, yl base tr, y cutoff, int_all)
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i OH SRR
#range - the range is moved to the right by ,,cut_L'' wvalue
OH L =145 - cut L

OH R = 220 - cut L

OH_data = Integration{OH_L,0H R,yl OH)
OH_signal_array.append{0H_datal0])

print( 04 signal’,OH datale])

.............. CH  #adddd iR
CH L =590 - cut L

CH R =660 - cut L

CH_data = Integration{CH_L,CH R,yl CH)

CH signal array.append{CH datal@])

print{'CH signal',CH datale])

R (02 R

02 L =540 - cut L
€02 R =580 - cut L

C02_data = Integration{C02_L,C02 R,yl CO2)
C02_signal_array.append(C02 data[6])
primt('C0Z signal',C02_datal6])

#INTEGRATION CHECK

## 0H ###

figlee = plt.figure(1600)

plotl = figle®.add subplot(1,1,1)
plotl.plot(0H datall],0H datal2])
plot2 = figle@.add_subplot(1,1,1)
plot2.plot(0H datal3],0H_datal4])
plot3 = figled.add_subplot(1,1,1)
plot3.plot(0H datall],0H_datals])

### CH ###

plot4 = figl@O.add subplot{1,1,1)
plotd.plot(CH data[l],CH data[2])
plot5 = figl@B.add subplot{1,1,1)
plot5.plot(CH datal31,CH datal4])
plot6é = figl@B.add subplot{1,1,1)
plot6.plot(CH datalll,CH datals])
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#HH# C02 ¥+
plot? = figl@®.add subplot(1,1,1)
plot7.plot(C02_datalll,C02_datal2])

plt.xlabel( 'Wavelength (nm}')

plt.ylabel( ' Intensity')

plt.ylim([@, (max(0H datal2]} + 0.12 * max{OH datal2])}])
plt.xlim([X_lim_L,X_lim_R])

#plt.show()
¥lim = { min{ox cont array) - 1 },{ max(ox cont array} + 1 )

fig3 = plt.figure(3)

plotl = fig3.add subplot(3,1,1}
plotl.scatter(ox_cont_array[@:My_rangel,OH_signal_array)
plt.xlabel( '0Oxygen content in oxidizer')

plt.ylabel({'0H =ignal')

plt.xlim{xlim}

plt.ylim{[@, (max(0H signal array)} + 0.1 * max(0OH signal arrayl)]}
plot2 = fig3.add subplot(3,1,2)
plot2.scatter(ox cont array[0:My range],CH signal array)
plt.xlabel('0xygen content in oxidizer')

plt.ylabel('CH signal')

plt.xlim{xLim}

plt.ylim{[@, (max(CH signal_array) + 0.1 * max{CH_signal_array))]}
plot3 = fig3.add subplot(3,1,3})
plot3.scatter(ox_cont_array[0:My_rangel,C02_signal_array)
plt.xlabel('0Oxygen content in oxidizer')

plt.ylabel('C02 signal'})

plt.xlim{xlim)

plt.ylim{[@, (max(C02 signal array) + 0.1 * max(C02 signal array)}l)
plt.savefig( MEASUREMENTS ' + Marker + '.jpeg’)

plt.show()
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4.4 Measurement evaluation

#!/usr/bin/python3.4

import cantera as ct
import numpy as np
import math

import csv
import matplotlib.pyplot as plt

#Integration module

import scipy.integrate as integ

from scipy.integrate import trapz

#import mole fractions from measurement
from KG_premixed import n_frCH4 array
from KG_premixed import n_fr02 array
from KG_premixed import n_frN2_array
from KG_premixed import n_frC02 array
#importoxygen content from measurement
from KG_premixed import ox_cont_array

# The main goal - calculated OH and CH signal
int OH rate array = []

int CH rate array = []

int_C02_rate array = []
int_C02_rate array OLD = []

# For final charts

from KG_premixed import OH signal_array
from KG_premixed import CH signal array
from KG_premixed import C02 signal array
from KG_premixed import Marker #C02 or N2
from KG_premixed import My range #number of loops

for i in range(My_range):
CH4 = str(n_frCH4 array[il)
02 = strin_fro2_arraylil)
if Marker == "nz':
N2 = strin_frN2_array[i])
if Marker = 'C02":
€02 = str(n_frco2_array[i])

MECHANISM = 'gri3@LUMpremixed ALL
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# Simulation parameters
p = 181325 # pressure [Pa]
Tin = 300.8 # unburned gas temperature [K]

if Marker = "nz':

reactants = 'CH4:'+ CH4 + ', ' + '02:' + 02 + ',' + '"N2:' + N2 # premixed gas composition
if Marker == 'C02':

reactants = 'CH4:'+ CH4 + ', ' + '02:' + 02 + ',' + 'C0Z:' + COZ # premixed gas composition

print(reactants)

initial_grid = np.linspace(0.0, ©.03, 7} # m ; number of points on the axis ; range
tol_ss = [1.0e-5, 1.0e-13] # [rtol atol] for steady-state problem

tol ts = [1.8e-4, 1.8e-13] # [rtol atol] for time stepping

loglevel = 1 # amount of diagnostic output (8 to 8)

refine grid = True # 'True' to enable refinement, 'False' to disable

# IdealGasMix object used to compute mixture properties, set to the state of the
# upstream fuel-air mixture

gas = ct.Solution(MECHANISM + ' .xunl')
gas.TPX = Tin, p, reactants

# Flame object

f = ct.FreeFlame(gas, initial_grid)
f.flame.set_steady tolerances(default=tol ss)
f.flame.set_transient tolerances(default=tol ts)
f.show solution()
# Solve with the energy equation disabled
f.energy_enabled = False
f.transport_model = 'Mix’
f.set _max_jac_age(1@, 16)
f.set_time step{le-5, [2, 5, 18, 208])
f.solve(loglevel=loglevel, refine grid=False)
f.save('h2_adiabatic.xml', 'no_energy',

'solution with the energy equation disabled')
# Solve with the energy equation enabled
f.set_refine criterialratio=3, slope=0.06, curve=0.12)
f.energy_enabled = True
f.solve(loglevel=loglevel, refine grid=refine grid)
f.save('h2 adiabatic.xml', 'energy',

'solution with mixture-averaced transoort')
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f.show solution()
print( 'mixture-averaged flamespeed = {0:7f} m/s'.format{f.ul0]))

# Solve with multi-component transport properties

f.transport model = '‘Multi’

f.solve(loglevel, refine grid)

f.show solution()

print( 'multicomponent flamespeed = {0:7f} m/s'.format{f.ul0]))

f.save('h2 adiabatic.xml', 'energy multi',
'solution with multicomponent transport')

# write the velocity, temperature, density, and mole fractions to a CSV file
f.write_csv('hZ adiabatic.csv', quiet=False)

#charts

#data:

gridl = f.grid

rate347 = f.forward rates of progress[346]

rate348 = f.forward rates of progress[347]
OHex = f.concentrations([53]
CHex = f.concentrations[54]

#1f MECHANISM == 'gri3fLUMpremixed ALL':
rate362 = f.forward_rates_of_progress[361]

fig2 = plt.figure(2)

plotl = fig2.add subplot(1,1,1)
plotl.plot{gridl, rate362)
plt.title( ' rate 362')

#urite to a file

csvwriter = csv.writer(myfile)
csvwriter.writerow(gridl)
csvwriter.writerow(f.forward rates of progress[347])
csvwriter.writerow(f.concentrations[54])
myfile.close()

figl = plt.figure(1)

plotl = figl.add subplot(2,2,1)
plotl.plotigridl, rate347)
plt.title('net rate R347')
plt.xlim([@.01,0.015])

plot2 = figl.add subplet(2,2,2)
plot2.plot{aridl. rate348)
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plot3 = figl.add subplot(2,2,3)
plot3.plot{gridl, CHex)
plt.title( ' CHex')
plt.xlim{[©.01,0.015])

plot4 = figl.add subplot(2,2,4)
plotd.plot{gridl, CHex)
plt.title( 'OHex')
plt.xlim([0.01,0.015])

#plt.show()

int_OH_rate = trapz(np.array(rate348),np.array(gridl))
int_OH_rate_array.append(int OH rate)
int_CH_rate = trapz(np.array(rate347),np.array(gridl))
int_CH_rate_array.append(int_CH_rate)

int_C02_rate = trapz(np.array(rate362),np.array(gridl))
int_C02 rate array.append(int C0Z rate)

xlim = { min(ox_cont_array) - 1 ),( max(ox_cont_array) + 1 )

### FINAL ###
factor = 0.0001

# 0H #

# adjust the trendline to measured points

rate_OH = max(0OH_signal_array) / max(int_OH_rate_array)
int_OH_rate array = [x*rate OH*8.95 for x in int OH_rate arrayl
# lower the value by the factor

OH_signal_array = [x*factor for x in OH signal_arrayl
int_OH_rate array = [x*factor for x in int_OH_rate array]

figs = plt.figure(5)

plotl = fig5.add_subplot(3,1,1)
plotl.scatter({ox_cont_array[0:My range],OH_signal_array, label = 'ne:
plot2 = fig5.add subplot(3,1,1)
plot2.plot{ox_cont_array[0:(My range)],int OH rate array, color = '0.5')
plot2l = fig5.add subplot(3,1,1)

plot2l.scatter{ox_
plt.xlabel( 0x 1 €O
plt.ylabel{ 0H s
plt.xlim(x1im)
plt.ylim([8,88]1)

surements')

= 'h', color = '0.5', label = '

calculations')
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#CH #
rate CH = max(CH_signal_array) / max(int_CH rate_array)
int_CH_rate array = [x*rate CH*0.95 for x in int_CH_rate arrayl

CH_signal_array = [x*factor for x in CH signal_arrayl
int_CH_rate_array = [x*factor for x in int_CH rate arrayl

plot3 = fig5.add_subplot(3,1,2)

plot3.scatter{ox_cont array[ﬂ My_rangel,CH_signal_array, label = surements')
plot4 = fig5.add subplot(3,1,2)

plotd.plot(ox_cont_array[o: {My_range}] int_CH_rate_array, color =
plotdl = fig5.add subplot{3 1,2)

plotal.scatt {ox rray[@ (My_ range)] int_CH_rate_array, marker = 'h', color = '0.5')
plt.xlabel("’ nt in oxidizer')

plt.ylabel( 'CH

plt.xlim{xlim)

plt.ylim([0,81)

# 002 #

rate_C02 = max(C02_signal_array) / max({int C02_rate array)

int_C02_rate array = [x*rate_C02*#1.05 for x in int _C02_rate arrayl

rate (02 = max(C02_signal_array) / max({int C02_rate array OLD)

int_C02_rate array OLD = [x*rate_C02*1.05 for x in int_C02_rate_array OLD]
C02_signal_array = [x*factor for x in C02 signal_arrayl

int_C02_rate_array = [x*factor for x in int_C02_rate_arrayl

int_C02 rate array OLD = [x*factor for x in int_C02_rate array oLD]

plot5 = fig5.add subplot(3,1,3)

plot5.scatter(ox_cont_array[0:My_rangel,C02_signal_array)

ploté = fig5.add subplot(3,1,3)

plot6.plot(ox_cont array[@:(My_range)],int_C02 rate array, color =

plot6l = fig5.add subplot(3,1,3)

plot6l. plot{ox cont array[@ My range}] int_C02_rate_array, marker = 'h', color = '0.5') #, label =

plt.xlabel("
plt.ylabel('
plt.xlim(x1im)
plt.ylim([@,10])
plt.legend(loc =
plt.savefig( FINAL ALL' + Marker +
print(int C02_rate array OLD)
plt.show()
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