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Introduction Collection of experimental data

> Butanol is a promising alternative Y P S — o Toints
biofuel that can be used in gasoline- Shock tube ignition delay times 106 808 0.9-90.3 716-1886 0.25-2
fueled internal combustion engines at RCM ignition delay times 21 85  3-31.2 714-1034 0.5-2

- - - Laminar burning velocities 43 349 0.89-9.9 343-488 0.7-1.7
hlgher mixture fractions than ethanol Species concentration profiles 79 5832 1-12.5 672-1631 0.25-4

> Can be prOduced Via biOteChnOIOgicaI Abbreviations used: IDT Ignition delay time RCM Rapic_l compression_machiqe
synthesis and fermentation yielding an Tonmm S Smommme o
acetone, n-butanol and ethanol mixture

» Subject of growing research interest Overview of butanol combustion Comparison of combustion mechanisms

» Large diversity of reaction pathways ' Error function values
: : m eChanlsmS (lower value = better agreement between simulations and measurements)
» Not all detalls of butanol combustion

IDT: ignition delay time in shock tube
chemistry are fully understood

Simulations were carried out within the Optima++ simulation
framework [19], used in conjunction with the FlameMaster [20] solver.

The Optima++ simulation framework iIs freely available for download:
http://respecth.hu

The numerical problems at the connecting point of the NASA
polynomials were investigated by code ThermCheck [21].
Some related simulations were performed with OpenSmoke++ [22].

Mechanism Ref. Isomers Species Reactions

Moss 2008
» Measurements and simulations often Dagaut 2009

yield contradictory results Sarathy 2009
Black 2010

conc.: concentration profiles in shock tube and flow reactor

all 234 1399 In several cases, error function values are based on a larger and a smaller set of data points
N 118 378 since some average values could not be obtained due to lack of enough successful simulation results (“-").

n 117 884 n-BuOH IDT conc. t-BUOH IDT | conc.
n 234 1399

1
2
3
"
i At ot = Moss 2008 929 253 393 202 Moss 2 1
> Application of a quantitative measure Van Geem 2010 [5 281 2905 o 0SS 0ss 2008 i
: % agaut 2009 24.3 Van Geem 2010 194 -
to describe the agreement between the Veloo 2010 6 266 1639 Sarathy 2009 A Harper 2011 o
measurements and simulation results Hg;pggfglll :;: igi 6571511 Black 2010 2901 139 Cai 2012-1
» Inconsistent thermodynamic data can . ] . Van Geem 2010 55.2 8.1 : Sarathy 2012
- cai 2022 9 123 1346 Veloo 2010 | 41200 400 683 104 Y 2012
ead to numerical problems — leastways, Sarathy 2012 [10 284 3635 ' ' ' asunaga
. T o Harper 2011 97.5 22.8 367.9 56.9 Merchant 2013
onger simulation times vasunaga 2012 1L 264 3035 Cai 2012-2 - 16.4 - 922  Vasu 2013
Zhang 2012 [12] 243 1475 ' ' '
| e Sarathy 2012 347 116 2418 648  Sarathy 2014 26.0 99.8
Cai 2013 13] 160 2062
Highlights Merenant 2013 114 370 {663 Yasunaga2012 | 69.9 124 - 648  Chang 2016 725 205.2
| | Vasu 2013 15 283 3635 Zhar?g 2012 No. of datasgts 13
> A comprehensive set of experimental Cai 2014 16 182 2571 Cai 2013 65.3 No.ofdatapoints 99 104
data for the four butanol isomers was Sarathy 2014 [17 687 3435 M%Cha;toigm - )
collected, in total 7103 data points in Chang 2016 [18 o6 196 Cai 2014 81.0 o A
253 datasets from 35 publications Sarathy 2014 283  27.7 . 5.1 reuen FRuen
> Simulations were carried out with Detailed study of mechanism behaviour Chang 2016 3.1 96 - 41.3 P Y
18 publlshed mechanisms at the Example: n-butanol laminar burning velocities No. of datasets 50 34 / BUOH BUOH
conditions of these experiments Error function values with respect to temperature, pressure and equivalence ratio No. of data points 370 142 608 239 el S=u
. : s ] lack .
> The performance of the mechanisms .j -<>E- S i-BUOH IDT conc. s-BuOH DT conc.
was compared using the a sum-of- | =8 Chang 2016 y 'V"(’;SS 202310 22-‘2‘ 2(1)-‘1‘ ;g-g y 'V"(’;SS 202310 22-8 22;
- - —F— Sarathy 2009 an Geem : . : an Geem . :
square error function to qgantlfy. the 9 1 P ] -<>- sSarathy 2012 Sarathy 2012 128 13.1 9.3 Harper 2011 -
agreement between the simulations 0] 1 —5— sarathy 2014 Yasunaga 2012 Sarathy 2012 = 41.8 21.0 97.6
and the collected experiments 1 : : Merchant 2013 _ 402 Yasunaga2012 418 210 -
» A good butanol combustion mechanism | | vasu 2013 Cai 2013 . 63.7
can be selected for a given condition T SR a——— Cal 2014 Merchant 2013
_ | : | No. of data points: () ) ) Sarathy 2014 584 618 Vasu 2013 406 19.9 -
» Thermodinamic data inconsistency of — K | Chang 2016 326 34.6 70.4 Cai 2014 - 99.7 56.1
82 combustion mechanisms was o | =B Black 2010 No. of datasets 16 15 15 Sarathy 2014 68.7
- - - | -€>- Cai 2012-2 :
investigated (12 hydrogen, 14 syngas, . . 4 C‘;‘;ng o1e No. of data points 101 85 1192 Chang 2016 26.3
14 methane, 7 methanol, 14 ethanol, o] N | =B~ sarathy 2009 No.of datasets 17
21 butanol mechanisms) <, ) |- ©- Sarathy 2012 No. of data points 129
N z 3 _- B Sarathy 2014 laminar burning velocity n-BuOH s-BuOH i-BuOH t-BuOH
Error function 1 IO N i'écgoiglg ;g;
_ - . al - .
Ni [ymod _ yexp 2 e Chang 2016 133  50.6 125  40.6
2 2 Yl] 1] No. of data points (92) (44). (28) Sarathy 2009 880
N exp 20— ' ' ] B Black 2010 Sarathy 2012 9.0 26.0 395 198.8
100 - ‘/.»"' - _O_ Cai 2012-2 Sarathy 2014 5.9 20.9 16.3 20.5
| —8— Chang 2016 No. of datasets 16 5 12 10
yij  ifa(y ) ~ constant *] | =8 sarathy 2009 No. of data points 128 42 102 77
=1 In Yii  ifo(lny; ")~ constant 0 5 | - sarathy 2012 . . .
yii | —E— Sarathy 2014 » Reproduction of the experimental data: In general, none of the reaction
) i . 40 - - ] ) . . .
EI Oblecb“"e ]‘:“d”‘i“o”t"a'“e - mechanisms could describe the combustion of all four butanol isomers in all
numpoper or datasets 20 - : :
N number of data points in the i-th dataset 1 i | types of _experlments consistently well. -
Y4 j-th modeled value o o T T » Mechanism by Sarathy et al. (2014) [17] seemed to be the most predictive
i-th experimental value No. of data points: (54 @, - considering the laminar burning velocities.
estimated standard deviation/ scatter
Thermochemical data inconsistency Jump discontinuity at C /R function of acetaldehyde (CH,CHO)
Acknowledgements » The NASA polynomials describe the temperature dependence of C,, S" and H’ 16 - r=1000K 16+ ook

Moss 2008 ml } - Sarathy 2014 » \
14 1 4/,_,-7-’*' -—\.,\\ 7_)7_‘“7_“7_7"_

with polynomials defined in two adjacent temperature ranges. At the mid-

temperature, the two polynomials have to connect smoothly so that these

thermodynamic functions will be continuous and continuously differentiable.
» Considerable discontinuities were found at the mid-temperature (T,,4) In -

14 -
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12 H

butanol mechanisms. The absolute deviations at the connecting point of the S S
) ) ) ) .. ) = 6 w64
polynomials were investigated with code ThermCheck [21] listing the species oo "
This work was facilitated by COST saecnew @ where C /R, SR and H'/RT functions have larger discontinuity than 10, " "]
Action CM1404 (SmartCats). LT » Mechanism by Sarathy et al. (2014) [17] contains 22 inconsistent connections at 2 2
The a-Uth-OrS thank for the . KO:;Z T the NASA pOIynOmlaIS_and 95 |nC0nS|s_tht connections ?‘t their first derivative O500 600 700 800 900 1000 1100 1200 0500 600 700 800 900 1000 1100 1200
contribution of Mr Hannes Bdttler. functions. Correction is needed by refitting the polynomials. r/K 1K
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