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1*' assignment: Flame Temperature Analysis and NOXx
Emissions for different Fuels and combustion coodg

Concepts Adiabatic flame temperature, theoretical air, E#Rcent, Diesel and gasoline
engine kinds of combustion

Problem Motivation

For a combustion process that takes place with est loss to the surrounding, the
temperature of the products is referred to as thabatic flame temperature. It is found
that with an increase in the adiabatic flame tempee, there is increase in NOX
emissions from internal combustion engines. As n@xk vehicles are a major source of
air pollutants such as nitric oxides, hydrocarbaasbon dioxide, etc., there is a growing
shift in the fuels from the petroleum-based fuelshsas gasoline and diesel fuel to the
alternative fuelssuch as natural gas, ethanol, methanol, liquefietiofeum gas and
hydrogen. So, in order to study NOx emissions, tmange in adiabatic flame
temperature values for conventional fuels in cornspar to the alternative fuels with
various equivalence ratios and various EGR ratstuied in this module. Depending on
how the process is completed, adiabatic flame teatpe can be of constant volume or
constant pressure type.
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Figure 1 adiabatic combustion chamber, for adialdetme calculation [1]

Constant pressure combustion occurs for exampldigsel engines (see the P-v
diagram), and constant volume combustion in gasdimgines (see P-v diagram).
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Exhaust Gas Recirculation (EGR)[2]:

Exhaust gas re-circulation i.e. EGR is EGR decrets=adiabatic flame temperature and
so the NOx emissions. It is the most effective méghe used to reduce NOx emissions in
internal combustion engines. As shown in figura Zaction (%) of the exhaust gases is

re-circulated with the intake air into the engifiéis is a technique commonly used in

Diesel engines.
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Figure 2: Exhaust Gas Re- circulation
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Question # 1 (influence of different fuels, excessr, constant volume or constant
pressure, dissociation and initial conditions):

(a) Compute the adiabatic flame temperature of Bir at constant pressure and at

constant volume for 40, 60, 80, 100, 120, 140, 1880, 200 and 250 percent
theoretical air. Consider that both the fuel areldah enter the combustion chamber at
Tin = 25 °C. Discuss the difference between the atimbBame temperature values at
constant pressureandconstant volumecase.

(b) Compute the adiabatic flame temperature of gasoéime CHy-air and ethyl alcohol-

air mixtures atonstant pressurefor 100, 120, 140, 160, 180, 200 percent theaktic
air. Obtain and compare a combined plot of adiabime temperature vs %
theoretical air (100 — 200 %) for,Hair, CH4-air, gasoline- air and ethyl alcohok ai
mixture.

(c) Using Cantera [3]*, free-open source combustion software, cotepghe adiabatic

flame temperature anequilibrium composition of Hp-air, CHs-air for 40, 60, 80,
100, 120, 140, 160, 180, 200 and 250 percent theakeir. And different inlet
premixed conditionsT, ranging from 250 K to 350 K Mark the values you found
on a) and b) for Lambda influence and compare agaantera. Discuss the
dissociation influence on adiabatic flame tempemtu

Hints:

The combustion of hydrogen for two cases (i.e.fmmbda>=1 or for Theo_air/100
>= 100% and for Lambda< 1 or for Theo_air/100< 1p@%n be explained with the
following combustion equations.

1) Lambda>=1 or for Theo_air/100 >= 100%

Theo_ai Th
2H2+(%r) (0,+ 376 N) - 2H OE 1%%—6‘3( 376 )

+(Theo_air_lj o
100
2) Lambda< 1 or for Theo_air/100 < 100%

Theo_air Theo_ai Theo_aj
2H2+(Wj (0,+ 376 N) - %—100 j H OE—lOO J[ 3% )

N 2_Z(Theo_alrj H,
100

= The combustion of gasoline and ethyl alcohol fombaa>=1 or for Theo_air/100
>=100% can be explained with the following combmrsequations.

Gasoline
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Gty + 125 125 (O 376N -8 0,+ 91 04143 eos( 3y,

100
+12.5(Theo_a|r_1j Q
100
Ethyl Alcohol
C,H.OH+ 3(—The°—a") (Q+ 376N)~2 ©,+ 34O {3—The°—a"j( 376 )
100 100
Theo_air
+3] ——=—-1
( 100 ) =
» Cantera freeware/open source

http://www.cantera.org/docs/sphinx/html/index.html

“Anaconda and Miniconda are Python distributions for which Cantera is available through
the conda package manager. “

1% install; https://www.anaconda.com/download/

Documentation Blog Contact Anaconda Cloud Q

’:‘)ANACONDA What is Anaconda? Products Support Community About Resources

Don't Miss AnacondaCon Apr 8-11 Austin TX!

Download Anaconda Distribution

Version 511 Release Date: February 15, 2018

2" install pycharmhttps://www.jetbrains.com/pycharm/download/#section=windows
3%in pycharm set Conda environment “combustion”

4™ Anaconda prompt:
activate combustion
conda install —c cantera cantera
conda install ipython matplotlib

5™ copy example
http://www.cantera.org/docs/sphinx/html/cython/examples/multiphase_adiabatic.html
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Question # 2 (influence of different fuels, excessr, constant volume or constant
pressure, dissociation and initial conditions):

(@) Compute the adiabatic flame temperature of the pwotture (140% percent
theoretical air) of diesel- air, and biodiesel-aticonstant volumeusing 0, 5, 10, 15,
20, 25, 30% EGR percent. Assume that each fueliisdal with the stoichiometric
amount of air in the combustion chamber. Obtain emwhpare a combined plot of
adiabatic flame temperature vs EGR percent foretli@sr and biodiesel- air mixture.
Assume that the recirculation does not change the€ead temperature to the
exhaust.

(b) Is it possible to do the same calculations assurttiagthe recirculation change the
air feed temperature to 350 K?. If so do-it.

(c) What engine would you guess to have higher NOx ®omns? Gasoline engine
working at stoichiometry (100% theoretical air) viho EGR or diesel engine
working with excess air (140% theoretical air) 20d30% EGR? Justify.

(d) Biodiesel blend with diesel would increase NOx esiiss or not? Discuss.

Hints:
= Generalized equation for combustion of f@lH, O, including EGR is given by

CxHyO, + (%+ x—%) (Q,+ 376N )} XE XCQ+—3£ H G 3.7(63—;+ *Ezj Bﬂ

y y z y 7[y z
- XCO,+=H,0+ 3.7 =+ x— + x1 xCQ+= G 3.76=+ x%—

» EGR (fraction) and the number of moles of the eshayas mixture to be re-
circulated per mole of fuel 8,0, (x1) are related to each other by an equation,
EGR

" 1-EGR

Diesel chemical formula: fgdH1s 7 Biodiesel from sunflower: (H,,0, (assume it is
mainly composed by Linoleic acid, C18:2).
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Ideal gas phase thermodynamic properties of spenwolved in surrogate fuels
Linoleic acid, C18:2 (In [4])

Spedies Adiisax Saeux G0

300K 200K S0 K 600K 200K 1000K 1500 K
N 200 577 695 7m 7.08 719 7.50 753 132
CHs —1192 2457 849 981 IL15 1250 1513 17.43 21.07
C.H, —2039 5135 259 1576 1867 210 2580 2937 3524
il —248% 451 1754 D8 2699 T 1710 4183 4995
CaHian -7 7412 736 2965 153 4075 PEE 5474 5451
o Cothg —a405 1201 81 s0s7 S0z sE15 8149 9128 w573
n-Cigkha —sas1 12996 505 7135 BATI 9579 1475 128,16 149.00
n-Crabbg —7uE2 16735 7794 9418 1769 13368 15911 17751 20599
0-Crgky —s9.49 18510 SE88 11106 1B414 15235 18127 013 2441
MCYH —3605 ELO0 Bna us 5509 4 7RE2 s881 10311
PCYH —4540 9a73 436 sa44 7156 w39 10078 11348 13156
ECYH —5035 1907 ARS6 6538 Tas0 a5 11m 12551 14582
Toluene 1195 7845 2489 3131 052 4679 5595 6236 7138
PEZ 191 9561 3678 4153 57.18 6538 7RO 8674 99,77
BEZ —-118 10476 oo 5485 551 7513 E9.50 W4 11454
OBZ —25m 14237 &5 £330 5539 11212 13148 14540 170.97
NP 3591 82135 3199 2294 206 sa58 Ve 7B26 a119
MNP 2874 azss 3714 4914 S965 6817 sl 9015 105.91
NP 1213 11941 S4a4 57 B459 9659 11495 12667 13162
Cial —157581 1242 8748 10990 12963 14674 17356 19128 20194
Cis0 —-167.70 21113 9844 12381 145.10 16543 19574 21594 23042
CyacD — 17760 2985 10937 13773 16259 18412 217.90 23060 15892
sl —140.4% D647 10494 13268 157.02 17RO 21005 232585 24988
Con2 — 12034 11475 101.97 12598 15266 17214 205.10 2631 24197
Cu3 —8230 2 =900 12528 14830 16E20 19835 21978 B4
Canc0 —187.49 24856 12034 15159 17904 20282 240.10 26522 2E741
Canc! —15938 24518 11587 14660 17350 19675 312 25752 27838
Tl —19738 26727 13127 16552 19553 22150 6236 289.90 315891
Caacl — 16827 25390 12652 16051 159.08 215.44 25529 28217 30687

AgHiogx is expressed in keal mol ™" and Siey and G, (T) are given in cal mol ™! K™%

‘Table H.2

Elemenis at 298.15 K and 1 atm:

Formula

CH,
C';Hp
CiHy
CaHyy
C'H.0H
C,H40H
« rﬁ.lﬁ H B35
Croelliag
CII. HF | 157

Fuel

Methane
Propane
Hexnne
I=eoctane
Methanol
Ethamol
Ciasoline

Driesel

e, (KIkmol - K) = 4.184(a, + a0 + a0’ + a,0° + a0 ),

where § = T (K)/ 1000

Muoleeular
Weight ay
16043 -[1.29149
44.096 — L4867
86.177 —2A1777
114,230 —0.55313
3204 27059
4607 R
1145 240078
(k.4 —23.501
F48.6 —9.1063

*To oblnin U K reference state for enthalpy, add @ o a,
Wonree: From Tleywond, 1. B.. foernat Combustion Eipine Fundamensals, MeGras-Hill, Mew York, 1984, by permussien of MeGraw-111, Inc,

[2]

a2

20337
74.339
21048
181:62
44 168
374
256:63
227.99
246.97

iy

k&1

— 39,065

— 64,125

— &7 Ta7
27,501

I 1426
200168
— 17720
— 14574

&y

15656
8.0543
52832
20,402
7.2193
1]
RENTRT
56.048
32,329

Rk kmol) = 4184 (a0 + a,07/2 + 073 + a /4 — a ) ' + a,),

e

016573
0.01219
0.56635
—0.03095
020240
]
(1L.5R0%
04545
00518

2y

- 18,331
=2E313
—39.830
—60.751
4 28R
6ik.214
27562
—17.578
—50.128

Curve-Fit Coefficients for Fuel Specilic Heal and Enthalpy® for Reference State of Zero Enthalpy of the

ay

4300
8.852
15.611
20,232
5.3375
7.6135
17752
15.232
25514
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