MWM MN calculation program
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1. Disclaimer

This .exe version of the Methane number calculation of natural gas mixtures program includes some
improvements compared to the published EN 16726 standard. EUROMOT believes that with the given
information, the Source Code and the description in Annex A specialists should be able to analyse,
replicate and recompile the calculation program if needed.

The source code can also be downloaded along with some of the background documentation. This
program is free software intended for information purposes only, and copyright is 2017, EUROMOT
(www.euromot.eu).

Licensed under the Apache License, Version 2.0 (the "License"); you may not use this file except in
compliance with the License. You may obtain a copy of the License at
http://www.apache.org/licenses/LICENSE-2.0.

Unless required by applicable law or agreed to in writing, software distributed under the License is
distributed on an "AS IS" BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND,
either express or implied. See the License for the specific language governing permissions and
limitations under the License.

2. Preamble

The here published *.exe version of the MWM MN calculation program includes some improvements
compared to the published EN 16726 standard and these are discussed in chapter “Description of the
program, corrections Annex A”. A corrigendum or an amendment to Annex A is in discussion and will
be published after finalization.

With the given information from the Source Code and the description in Annex A specialists would be
able to replicate the calculation program with a very high effort. Even with selecting the same triangle
diagrams and using the given polynomials from Annex A there might be differences in the resulting MN
due to different iteration routines. In order to ensure the most accurate results, we recommend to use
only the original programme.
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3. Installation

— Unzip the file MN.zip in the folder C:\MN

— Rename “mn.exe_" to “mn.exe”

Remark: The file extension is temporarily changed because most email and file transfer systems block

*.exe files.
The executable “mn.exe” together with the dynamic link library “mzdll.dll” can be installed in a user
defined folder. The help file “readme.pdf” must remain in the folder C:\MN

4. Requirements for the computer:

— Processor x86 or x86-64.
— 3 MB free disk space
— Windows NT or higher
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5. User Guide for “mn.exe”

a) Start the executable file “mn.exe”. The MN- calculation will be displayed:

-
Methane Number Calculation

Methane Number Calculation ‘

Input .
Gas composition Wolume-% :"

a
2§
=  MWM

000 Energy. Efficiency. Environment.
.0oo A& Catewpillar Company
Ruuli] mhersion : 2.0.0
.0on
CHA4........ MEtE .. %] 000
C2H4......Ethylene................ [%) .000
C2HE.....Ethane.....o.... %] .0on Ea——
C3HE..... Propylens........... % 000 4
C3HE. . Piopare......... % .000 el
CAHE.......Butadiene.......... % 000 Euit
C4HE . Butene. . ... %] 00o 4
CAH10.... Butane.........oooooo... E4] .000
CEH1Z... PErtans. ..., %] 000
CB+........ Hexanes+.............. [%] .000 Output
HZS....... Hydragen sulphide. .[%] .0on e
0on Methane Number [-] l—

H20........ W aker vapour......... [%]

mzdlYersion:  2.0.0
Tatal [%] .0on

b) Select the unit for the gas composition: Volume-%, Mol-% or Mass-%

- =

Methane Number Calculation

Methane Number Calculation ‘

~ lnput 1
g

Gaz composition -.

Energy. Elficiency. Environment.

Coz.... Carbon dioxide. ... [%]

Rl M2 Mitrogen.................. [%]

B2 CIMMEEN oo 1% A Catespillan Company

After this selection, input the numerical values of the gas composition.

A dot or period must be used to separate the decimal place of the values!
Use TAB to move to the next input box of the gas components.

Use SHIFT+TAB to move to the previous input box of the gas components.
You can also use the mouse to move to an input box of the gas components.
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t Cacuate | and receive the

c) After the input of the data has been completed, selec
calculation result:
The “Output” section in the bottom right corner of the window shows the calculated

MN data based on the gas composition.

- 4
Methane Number Calculation

Methane Number Calculation ‘

Inpuit .
Gas composition Wolume-22 :I'

@
]
C02.... Carbon dioside... . [%] 1.000 M w M

M2 [T = A [%] 2000 Energy. Efficiency. Environment.
02 [T 1] oo A Caterpillar Company

[ - Hydiogen.........co..... [%] .0no mn-Yersion : 2.0.0

COon Carbon momaxide...[%] .0oa

CH4....... Methane. ... 1% 85.000
C2H4.. Ethylens........... % .ooo ﬂ
=l 7.000

.ooo

C3HE......Propylene............ [*#]

CIHE...Propane............ [E4] 5.000 w

C4HE...... Butadiene............ % -o0o Esit
CAHE...... BUEENE. ... 7] om0

CAH10. Butane. ... 1] oo

CEH12...Pertane. ... .. 7] om0

CE+nn.. Hexangs+....oo....... [%] .000 Output

.0aa bl b

Juii] ethane Mumber [-] 71

mzdllersion:  2.0.0

HaZ5........ Hydrogen sulphide. [%]

Ha0....... \water vapour......... [%]

Total [#] 100.000
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d) The button| “*¥a"  deletes the previous gas composition.

Methane Mumber Calculation

Methane Number Calculation ‘

Input -
[Gas compaszition Wolume:-% :I'

3]
]
COZ...... Cabon dioside......[%] -00o M W M

NZoo Nitrogen. ................ 1] 000 Energy. Efficiency. Environment.
02 (NP a = [#] 000 A Caterpillar Company
HZ. ... Hydrogen.............. [%] -00o mn-ersion : 2.0.0
CO.. Carbon momoxide...[%] .000
|
CHa..... F etl™ N
3 MM-calculation [&J
C2H4.... Eth Clear
C2HE......Eth I.-"'_"\-. Do yo uhrelall_}r wa:?t to clear Caloulate
CaHE. Fra k. * 4 yourwnole imputy
C3HA......Pro hicl:
C4HE.......Butd| res Mo | Esi
CaHs...... B”"ﬁ
CAHT0..... Butang. ..o %] -000
C5H12. Pentane........... % .00
CB+........ Hexanes+. ... [%] .00o0 Dutput
H25....... Hydiogen sulphide: [%] .00a b
Methane Mumber [-
HZ0........ W ater vapour......... [%] -on t
mzdlterzsion: 200
Tatal [%] 000

Acknowledge with __=__| to delete previous input data.

Remark: You can also change the actual input data inside each of the boxes for the next
calculation, it is not necessary to always clear all of the input values.

e) With the button  Her |y0u can display the “README.PDF” information
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6. Messages, Descriptions:

a) If the Total is <95% or >105% of the gas composition (100%), a manual correction
or re-check of the input data is required. No calculation is possible, as shown in the

message. Acknowledge with |- | and revise the input data manually.

Methane Number Calculation

Methane Number Calculation ‘

Input -
Gas composition Walume-3 :"

]
a
CO2.......Catbon dioside....... [%] 2100 M W M

N2... MIOgEN. oo 1] 3.000 Energy. Efficiency. Enviranment.

02 DHYGEN e 9] 000 A Caterpillar Company
HZ..oooo.... Hydragen................ [%] om0 mn-ersion : 2.0.0
CO. Carban momanidelil 000 I

~
MM-calculation [ﬂ

CH4........ Methane...........

C2H4.... Ethylene...........
The Tetal is < 95% or = 105%;

C2HE......Ethane.............. Fl l'\l correct the input please | X
ate

C3HE

TEE

CdHE X
C4HS [l ‘ 000

C4H10 i

CEH1Z... Pentare.... oon

CB+...... .noo Output

H25.. 0o Wb

non Methane Mumber [-]

mzdlFYersion:  2.0.0

HZ0....... “Water vapour....... [%]

Tatal [%] 105.100
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b) If the Total is >95% or <105% of the gas composition (100%) a correction to 100%
will be offered to the user. Select ™ Ito revise the input data manually or
|1 for automatic apportionment to 100%.

Methane Number Calculation

Methane Number Calculation ‘

Input -
[Gas composition Wolume-% :"

B
-}
02 Carbon dioside._[%] 200 M W M

N2 Nitrogen.......c..o...... %] 3.000 Energy. Efficiency. Enviranment.

02 ORYDE e 1] .0oo A Catospillar Company
[ - Hydrogen............... [%] 000 mn-ersion: 2.0.0
Co.... Carbon maormaoxide. . [%] .0oa
| T
CH4..... b atf”
" MN-calculation lé]

C2H4.......Eth

C2HE..... Eth The Total is not equal to 100%! Calculate
core..nef| A Voudyoutie o spparionthe

C3HE.......Proy

C4HE......Buta)|

C4HB.......But

C4H10.... Butane. .ooooooo......... [x] .0oa

CEH12. Pentane............ [ .0oo

[ Hesanes+............. [%] .0oa Cutput

H25.... Hydrogen sulphide. [] .0aa P

Ha0........ i ater wapour. ... [%] 000 Methane Humber [] ’_

mzdlersion:  2.0.0

Total [%] 97.000

After selection of
results.
Displayed on the left is the corrected composition to 100%, and displayed on the right is
the calculated MN based on the apportioned composition.

you receive the adjusted gas composition and calculated
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.
Methane Numkber Calculation

Methane Number Calculation ‘

Inpuat -
Gas composition Holume-% :"

@
"
COZ......Carbon dicside... .. [%] 2108z M W M

MN2....... MO, ceevvoo [%] 3093 Energy. Efficiency. Environment.

02 ORYGE o E4] 000 A Caterpillar Company

%] .oon mnersion s 200

co....... Carbon momoxide...[%] .0oa
CH4.... Methane........ [ 83.61

C2Hd......Ethyleng....oooooe..... %] .000 ﬂ
C2HE......Ethane...oooco...... 1% 5155

.0aa

C3HE...... Propane.............. %] 000 ﬂ
C4HE...... Butadiens. ........ ] 000 Esit

CAHE...... Bultene. .. %] 000
CAH10....Butane. ... 1% .0oo
CEH12. Pentane.......... [z .oon
.0og Clutput
H25...... Hydrogen sulphids. [%] .0aa b
H20....... M ater vapour........ [%] 000 Methane Humber [] ’T

mzdlWersion: 200

Tatal [%] 100.000
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c) If the deviation for the calculated MN is >5, the following message will be
displayed:

Methane Number Calculation

Methane Number Calculation ‘

|mput -
[Faz compaoszition WVolume-% :I'

3]
]
C02 . Carhon dioside. . [%] 000 M W M

N2 Nitrogen.................. [%] 0o Energy. Efficiency. Environmant.

guui] A Cateepillar Company

10.000 mrersion : 2.0.0

Carbon morpaside. (21 20,000 ] .
MM-calculation [&J

CH4....... Methane. ..
C2H4...... Ethylene... _|
COME. Ethane. . y l_\_ MM not confident due to delta MM »>5 ! _|

C3HE....... Propylene.

C3HE...... Propane... _|

CAHE.......Butadiene.

000

CAHB.....Butene............ [%]

C4H10....Butane........oo....... %] .0aa

C5H1Z2._Pentane.......... (%] .000

CE+..... Hewanes+ ... [%] .000 Output

H25....... Hydrogen sulphide. [%] .0oa B

Hz0........ ‘whater vapour......... [%] oo Methane Humber [] ’—

madersion:  2.0.0

Takal [%] 100.000

The iteration process failed with the given gas composition.
The calculated MN is not confident.
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After acknowledgement with
question mark.

the calculated MN will be displayed with a

Methane Number Calculation

Methane Number Calculation ‘

Input

Volume-%

.0on

Gas compozsition

Ru]
Ru]

10.000

20.000
70.000

00

000

000

000

C4HE...... Butadiene. ... 1] 0o
CAHE. ... BUERE. ... %) om0
CAH10. Butane. ... %] 0o
C5H1Z.. Pertan. ... %) om0
CB+......... Hexanes+............... [%] .noo
HZ5........ Hydrogen sulphide..[%] 000
000

Tatal [%] 100.000

MWM'

Encrgy’ Efficiency. Environment.

A Caterpillar Company

mnAfersion : 2.0.0

Clear
Calculate
Help

Exit

da

Output

P
Methane Number [-] 847

mzdl-ersion:  2.0.0
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d) For gas compositions with a content of hydrocarbons C5> 3% or C5+ C6+ >5% the
following message will be displayed.

Methane Mumber Calculation

Methane Number Calculation ‘

Input

Gas composzition Wolume-% :Iv

@
m
C02...... Catban diokide...._[%] 000 M W M

i 2 puii]
N Nirogen =l Energy. Efficiency. Environment,
02 DOwgen ... [ Aono
Hz........... Huydrogen................ [%] 000 mn-ersion : 2,01
COs Carbon momaside... [%] .0no
CHA........ Metha [ 53,3000 ' .

MM-calculation &J ol
C2H4...... Ethylei ear
C2HE...... Eth
4 MM not confident, Calculate

C3HE...... Prapyl i lg dueto high content of C=C4!
C3HS..... Propa Help
C4HE..... Butadify Ei

C4HE...... Buteneg, =
C4H10... Butane................... [%] 2,000

CEH1Z....Pentans.. oo.... [zl =.100

CE+........ Hexanes+ ... 1% .0no Dutput

H25....... Hydrogen sulphide. [%] oo hib
0on tethane Mumber [-]

mzdll¥ersion:  2.0.1

H20....... \Wiater wapour........ [%]

Total [%] 100.000
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After acknowledgement with the calculated MN will be displayed with a

question mark.

- ~,
Methane Number Calculation

Methane Number Calculation |

Input

e 3] @
Gas composition Molume-% -

L ]
"
COZ.....Cabon diovide....[%] 000 M W M

i % .00g
M2 ... Mitrogen................... [%] Energy. Efficiency. Environment,
02 OMIGER o, A .0oo
H2...... Hydogen. ... %] 000 mnersion: 2.0.1
[ Carbon momoxide. .. [%] .noa

CHA....... Methane, ... %] 83.900
C2H4. . Ethplene.... ... 1% .00 ﬂ
C2HE..... Ethane....oooo........ 1% 8.000

.0oa

C3HB. ... Propane......... .. [%] 3.000 ﬁ
C4HE...... Butadiene............ 7] 000 Exit

CAHE. . Butene......... [ .0on

CAH10... Butang........c........ 1%] 2.000
CEH1Z... PErkanE. . oo %] 3100

CBe....... Hexanes+.......... [%] .oan Output
H25........ Hydrogen sulphide. [%] .oon Wb
.oon Methane Mumber [-] 477

mzdlersion:  2.0.1

Tatal [%] 100.000
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e) For unrealistic or out-of-range compositions the following message will be
displayed:

Methane Number Calculation

Methane Number Calculation |

Input -
Gas composition Wolume-% :"

O
a
£02......Carbon digvide.... . [%] 55.000 M W M

N2 NiltOgen...oovvvereeoe. [%] 000 Energy. Efficiency. Enviranment.
puli] A Carerpillar Company
.noa minersion : 2.0.0
CO. Carbon momoxide...[%] |- | | "
MM-calculation ﬁ
CH4...... Methane............. [%]
C2H4... Ethylene......... EA| Clear
MM invalid !
C2ME. . Ethane........ % A MMinvali
Calculate
C3HE...... Propylene............. [=]
C3HB. . Propane. . ... %] el
Exit
.0oo
Ruii]
Ruii]
000 Output
Ruui] bt

o0 Methane Mumber [-]

mzdlersion: 200

Ha20...... ‘W ater vapour........ [%]

Tatal [%] 100.000

No calculation is possible because there are no data available for the calculation. This gas
composition data are out of the range of the available data in the MN calculation.
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f) To exit the program, use the button :
The following message will be displayed:

Methane Numkber Calculation

Methane Number Calculation ‘
Input -
Gas composition Walume-2 :I" ..
£02.......Carbon dioside.......[%] | 020 M w M
MZ......... Mitrogen........o.......... [%] 204 Energy. Efficiency. Enviranment.
02 D oo %] .00 A Cavespillar Company
HZoo Hydrogen........... (&4 oo mn-Yersion : 2.0.0
CO......... Carbon momoxide.. [%] .ooo
e |
CH4....... td etf” 1
1 MN-calculation @
C2H4......Eth Clear
C2HE..... Eth "o \ Do you really want to Exit Caloulate
4 . 1 7
C3HE.. Fro ¥ the MN-calculation?
C3HE....Pro Help
C4HE.. Bt es No | Eat
C4HE.......But
CAH10.. BURSNE. ..o 1% 000
CSH1Z. Pentans............ % oo
CE+.....Hexanes+. ... 1%] .0oo Outpuit
H25....... Hudrogen sulphide. [] .0an Mt
Methane Mumber [- I
Hzd........ Wiater vapour....... [%] 000 [
. medlWersion: 200
Tatal [%] 100.000

Acknowledge with ©¥=""1 if you would like to exit the calculation program or _* | if
you would like to continue with calculations.

Description of the program, corrections Annex A

The calculation of the MN is based on the data from the FVV report: “Erweiterung

der Energieerzeugung durch Kraftgase, Teil 3” ( Heft 120, 1971) The program can be
used for a broad range of gas compositions.

Corrections for gas compositions with Nitrogen, C5 and C6+ were implemented from
MWM based on own measurements. The calculation of compositions with C5 and C6+ is
limited to a content of C5 and C6+ of 3 VVol- % each and a total of 5 VVol-%.

The complete description of the program is available in the EN 16726 in “Annex A”,

but there is a need for some corrections, see below:

1. A.3.2 Selection of the ternary systems:
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Systems A17 and A18 should be deleted from the selection list, because
“Butadiene and butylene are replaced with an equivalent amount of butanes
by multiplying their quantities by 1, see A.3.1 Simplification of the
composition of the gaseous fuel. Therefore A17 and A18 are not used for
the selection process.

2. InTable A.2 (continued) in column A9, A10, Al1, A20 the tolerances for x(min),
y(max), z(max) are added for better understanding. The formulation in the Annex
A may be misleading because it is only described for the calculation of the fitness
for Vsum; in Table A.3. But these boundary conditions are also valid during the
optimization by varying the quantity of each gas component of the partial ternary
system for the final calculation of the MN.

3. In Table A.2 (continued) is a typing error: a(2,2) in column A20 must be
corrected to (minus!) -1.3816990E-06.

4. In Table A.10— Additional numerical examples for software validation purposes.
In this original Table A.10 only the selected systems are listed which are valid for
the calculation. This may result in some confusion for specialists replicating the
code. Following the described code in Annex A there are in some cases additional
ternary systems selected. Some ternary systems may not be used for the final
calculation of the MN, because with that ternary system(s) the criteria “minimize
the (MNmax — MNmin)” cannot be fulfilled (criteria see bullet point 6).

5. Changes in Table A.10(modified) are here described in detail:

I.  Mix 8: selected systems changed, result for final MN also slightly
changed (changes are marked in green color in Table A.10(modified)
see below).

il. Mix 10 and Mix 12: selected systems were added according described
code for the selection process (red color). These red marked ternary
systems are not used for the final calculation of the MN (criteria see
bullet point 6)

iii.  Mix 12: minor change in the calculated MN (green color in Table
A.10(modified) see below)

iv. Mix 16: selected systems changed (A7 selected instead of A3). The red
marked system (A7) was not used for the final calculation of the MN
(criteria see bullet point 6). The calculated MN changed (green color in
Table A.10(modified), see below)

6. Criteria for not using ternary systems for final calculation of the MN:

i. The MN from a partial ternary system does not match with the

»target MN“. The ,,target MN“ is the temporarily (during
optimization) arithmetic average of all MNs calculated from each
partial ternary system weighted according the volume content of the
ternary system from the total gas composition. Example: there are 3
ternary systems selected, 1% system has 80% of the quantity of the
gas components, 2" has 15%, 3™ has 5%. The calculated MNs are:
15t70.3, 2" 70.2, 3" 70. Therefore the “target MN”* results in:
(70.3*0.8+70.2*0.15+70*0.05) = 70.27

ii. The content in these not used ternary systems after optimization is less
than 0.05% of the total quantity of the gas components in the
composition.

7. Additional information with calculation results
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During the calculation a temporary file mzdll.txt is automatically created. The
file is stored in the folder: C:\Users\xxxx\AppData\Local\Temp (xxxx is the
user ID). This file will be updated during every calculation.

The file shows the gas composition, the selected ternary systems and
optimization steps. After successful optimization the results for the calculated
MN for each partial ternary system is displayed, and the result for the MN.
This file is only available in German language, but at least self-explaining, see
below:

mzd11-METHANZAHL -BERECHNUNG

mzdl1-version: 2.0.1

INTERNAL REQUEST 25.07.16 12:00:01
GAS-ANALYSE IN VOLUMEN-PROZENTEN
H2...... WASSERSTOFF..........: 90.0000
C3H8 PROPAN. .. ............= 2.0000
C2H6 AETHAN. ... ...........: 2.0000
C4H10 BUTAN. . ..o iieieieent 2.0000
cHd ... .. METHAN. ... ...........: 4.0000

VERLAUF OPTIMIERUNG

1 8.3 2.016 7.3 Ykddk dkddkk wkwkdk 7 4 7.1 26.8 307 ook ddkoddk skl ekl ek dededdk dedededk dededkdk ek e
2 9.0 1.508 7.7 dkdk dkddkk dkwkk Q. f 7.6 25.7 234 ook ddkoddk Sl dedkodkdk el dededdk dedededk dededkdk ekl e
3 0.3 1.275 8.6 wkwk kwkwk wkwk (.1 8.0 16.5 23.4 FhEk kwkk wkskk kkkk kkkdk ol ik kdkk Rk kiR
4 9.5 _Q22 Q_D dokdok kdkd dokdk 1.0 8.3 15.8 19.6 kFkd dokdok skdokd dokdok dkdokd dokdk kR dkdkk Rk k dkER
5 0.4 742 Q_3 dokdok kdokd dokdk Q. Q 8. 1 143 162 ¥Fkd dokdok skdokd dokdok dkdokd SRk Rkdk dkdkk Rkkk Rk
6 9.3 _838 Q.8 okdok kdkd dokdk Q7 7 8 13.2 136 ¥Fokd dokdok skdokd dokdok dkdokd dkdk Rkdk dkdkk Rkkk Rk
7 9.4 624 0.0 dFokdok kdkd dkdk  Q f 8 2 12.7 116 ¥Fokd dokdok skdokd dokdok dkdokd Sk dk Rkdk dkdkk Rkkk kR
& 9.5 379 Q_Q dokdok kdokd dokdk Q.5 8 8 11.5 11.(Q kFkd dokdok skdokd dokdok dkdokd SRk RkRk dkEkk RkkE Rk
9 9.5 208 Q_8 dokdok kdkd dkdk Q.5 8 Q 10.5 10.7 kFkd dokdok skdokd dokdok dkdokd dokdk Rkdk dkdkk RkkE SRk
10 9.6 220 Q_8 Fokdok kdokd dokdk Q.5 Q.2 1(0.5 10._3 ¥kFkd dokdok skdokd dokdok dkdokd dkdk kR dkdkk Rkkk Sk
11 9.6 _162 Q.8 Fokdok kdkd dkdk Q. f Q.4 10.3 10.(Q ¥Fkd dokdok skdokd dokdok dkdokd dkdk Rkdk dkEkk RkkE dk kR
12 9.6 2122 Q_8 okdok kdkd dkdk  Q_f Q.5 1(0.2 9.0 kdokd dokdok skdokd dokdok dkdokd Sk dk kR dkkdkk Rkkk dRkER
13 9.6 079 Q_7 dokdok kdkd dkdk  Q f Q.5 10.0 9.0 kdkd dokdok dkdokd dokdok dkdokd Sk dk kR dkEkk REkkEk dRER
14 9.7 063 Q.7 dokdok dkdkd dkdk Q. f Q. 0.0 Q.8 kdokd dokdok dkdokd dokdok dkdokd dkdkk Rkdk kkdkk EkkEk kR
15 9.7 041 Q.7 Fokdok kdkd dkdk Q7 Q. 0.0 Q_7 kdokd dokdok skdokd dokdok dkdokd dokdk kR kkdkk kkk SRk
16 9.7 033 Q.7 dokdok k¥ dkdk Q7 Q.7 Q.0 Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk dkdk dkdkk Rkkk gk kR
17 9.7 020 Q.7 Fokdok kdokd dokdk Q7 Q.7 Q.8 Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk kR dkdkk Rkkk gk
18 9.7 014 Q.7 dokdok kdokd dkdk Q7 Q.7 Q.8 Q_7 kdokd dokdok kdokd dokdok dkdokd dkdk kR dkdkk Rkkk dRkkk
19 9.7 011 Q.7 Fokdok kdokd dokdk Q7 Q.7 Q.8 Q_7 kdokd dokdok dkdokd dokdok dkdokd dokdk kR dokdkk Rkkk gk
20 9.7 007 Q.7 dokdok kdokd dokdk Q7 Q.7 Q.7 Q_7 kdokd dokdok dkdokd dokdok dkdokd dokdk kR dokdkk Rkkk dk kR
21 9.7 013 Q.7 dokdok kdokd dkdk Q7 Q.7 10.7 Q.7 k¥ dokdok skdokd dokdok dkdokd Sk dk Rkdk dokdkk Rkkk SRk
22 9.7 009 Q_7 dokdok kdokd dokdk Q7 Q.7 10.4 Q.7 kdokd dokdok skdokd dokdok dkdokd dkdk Rkdk dkdkk Rkkk gk
23 9.7 005 Q.7 dokdok kdokd dokdk Q7 Q.7 10.4 Q.7 k¥ dokdok skdokd dokdok dkdokd dokdk kR dkkdkk Rkkk dk kR
24 9.7 006 Q.7 Fokdok kdokd dokdk Q7 Q7 1(0.2 Q.7 kdokd dokdok skdokd dokdok dkdokd dokdk Rkdk dkdkk Rkkk kR
25 9.7 012 Q.7 dokdok kdokd dokdk Q7 Q.7 10.1 Q.7 kdokd dokdok skdokd dokdok dkdokd dkdk kRl dkdkk kkk dkkR
26 9.7 _015 Q.7 dokdok kdokd dkdk Q7 Q.7 10.0 Q.7 kdokd dokdok skdokd dokdok dkdokd dokdk Rkdk dkdkk Rkkk Rk kR
27 9.7 014 Q.7 dokdok kdokd dokdk Q7 Q.7 Q_.Q Q_7 kdokd dokdok dkdokd dokdok dkdokd dokdk kR dkdkk Rkkk dkkR
28 9.7 011 Q.7 Fokdok kdokd dkdk Q7 Q.7 Q_.Q Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk Rkdk dkdkk kkEk dkER
29 9.7 009 Q.7 dokdok kdokd dkdk Q7 Q.7 Q.8 Q_7 kdokd dokdok dkdokd dokdok dkdokd dokdkk Rkdk dokdkk RkkE SRk
30 9.7 009 Q.7 dokdok kdokd dkdk Q7 Q.7 Q.8 Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk kR dkdkk Rkkk dkkR
31 9.7 _007 Q.7 Fokdok kdokd dkdk Q7 Q.7 Q.8 Q_7 kdokd dokdok skdokd dokdok dkdokd dokdk kR dokdkk Rkkk gk
32 9.7 005 Q.7 dokdok kdokd dkdk Q7 Q.7 Q.8 Q_7 kdokd dokdok dkdokd dokdok dkdokd dokdk kR dkdkk kkk Rk
33 9.7 006 Q.7 Fokdok kdokd dkdk Q7 Q.7 Q.7 Q_7 kdokd dokdok skdokd dokdok dkdokd dokdk Rk dokdkk Rkkk gk
34 9.7 005 Q.7 dokdok kdokd dokdk Q7 Q.7 Q.7 Q_7 kdokd dokdok skdokd dokdok dkdokd dkdk Rkdk dokdkk Rkkk gk kR
35 9.7 004 Q.7 dokdok kdokd dokdk Q7 Q.7 Q.7 Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk kR dkdkk RkkEk gk
36 9.7 003 Q.7 dokdok k¥ dkdk Q7 Q.7 Q.7 Q_7 kdokd dokdok dkdokd dokdok dkdokd dkdk kR dkdkk Rkkk gk
37 9.7 039 Q.7 dokdok kdkd dkdk Q7 Q.8 10.5 Q.7 kdokd dokdok skdokd dokdok dkdokd dokdk Rkdk dkdkk Rkkk gk
38 9.7 _027 Q.7 dokdok kdokd dokdk Q7 Q.8 10.3 Q.7 kdokd dokdok dkdokd dokdok dkdokd dkdk Rkdk dkdkk RkkE Sk

e The header shows the gas composition which was calculated

e 1%tcolumn shows the iteration steps (the first 38 steps are displayed here)

e 2" column is the calculated MN within that iteration step

e 3column is MNmax — MNmin

e 4™ column shows the calculated MN in that iteration step for the selected ternary

system Al
e 518" column are the ternary systems A2- A18

> The columns with numbers are the selected ternary systems for calculation: in
this case Al, A5, A6, A7 and A8.
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Yo Y./ SUuU Y s wesRaear s Y./ Y. YrLs 9/
97 9.7 000 Q.7 %%%k xxkkk kxk%kk Q7 Q.7 Q7.3 Q.7 FhEk ddkdkk kdkk dkdk kkdkdk dokddk ok dk kkkdk kEREE kR

ERGEBNIS NACH 97 ITERATIONS-SCHRITTEN

METHANZAHL = 9.72477 IN DER MIT 36.159 PRz
BETEILIGTEN GEMISCHGRUPPE : A 1

T WASSERSTOFF..........: 92.142 PRz
C2HB. .. AETHAN...............: 4.838 PRz
CHA. .. .. METHAN. .. ............: 3.019 Prz
METHANZAHL = 9.72480 IN DER MIT 37.066 PRZ
BETEILIGTEN GEMISCHGRUPPE : A 5

H2.. ... WASSERSTOFF..........: 92.794 PRz
C3H8. .. .PROPAN...............: 5.396 PRZ
CHA. .. .. METHAN. .. ............: 1.810 Prz
METHANZAHL = 9.72482 IN DER MIT 24.226 PRZ
BETEILIGTEN GEMISCHGRUPPE : A 6

H2. ... .. WASSERSTOFF..........: 91.993 prz
C4H10. . BUTAN. . ... ...........: .438 PRz
CHA. ... METHAN. . .............: T7.569 PRZ
METHANZAHL = 9.72476 IN DER MIT 2.548 PRZ
BETEILIGTEN GEMISCHGRUPPE : A §

C2H6. .. AETHAN. . .............: 9.830 PrRZ
C4H10. . BUTAN................: 74.332 PRZ
CHA. ... METHAN. .. ............: 15.838 PRz
METHANZAHL (INERTGASFREI) = 9.72479

‘NERTGAS-GEMISCHGRUPPE: A20

METHANZAHL = 99.99795 MIT

CH4..... METHAN...............:100.000 PRZ
co2..... KOHLENDIOXYD.........: .000 PRz
NZ2...... STICKSTOFF...........: .000 PRZ

CH4..... METHAN...............:100.000 PRZ

co2..... KOHLENDIOXYD. . .......: 000 PRZ
METHANZAHL = 99.99795 MIT

CHA. . ... METHAN. .. ............:100.000 PRZ
METHANZAHL (LAMBDA=1.) = 90.72479
METHANZAHL (LAM=1.N2=0%) = 9.72479
UNTERER HEIZWERT = 72818. KI/KG
MINDESTLUFTBEDARF = 22.47 KG/KG

DICHTE (760TORR,0C)= .230 KG/M**3
REALFAKTOR (pv/RT)= 995

GASKONSTANTE = 1621.9  1/KG/GRD
ISENTROPENEXPONENT= 1.36

e The optimization was finished in that example after 97 iteration steps

e The quantity of each component used for the final calculation in each ternary system is
displayed

e The results for the calculated MN for each partial ternary system is displayed:

> In this case MN of Al=9.72477, MN of A5=9.72480, MN of A6= 9.72482
and MN of A8=9.72476

e There is also information about the quantity of the gas composition present in the

partial ternary system:
> in this case Al with 36.159 %, A5 with 37.066%, A6 with 24.226% and A8
with 2.548%.

e Ternary system A7 was selected, see column 10 of above table, but was not used for
the final calculation, because with the gas components in that system the “target MN”
could not be reached.

e Following outputs are displayed in this document:

> Calculated MN without inert is displayed

calculated MN with inert

MN (Lambda=1)

MN (Lambda=1, N2=0%) (valid for lean burn engines)

gas parameters

V V VYV
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Annex A: Corrections

Table A.2 (continued)

A8 A9 Al10 All Al2 Al3 Al4
X: methane methane methane methane methane ethane | carbon dioxide
y: ethane ethylene | hydrogen sulphide ethane propylene propylene hydrogen

z: butane butane butane | hydrogen sulphide
a(o, 0) 1.0777610E+01 | -1.2408570E+05 1.8388506E+05 -1.1788466E+05 | 5.9095515E+01 | 3.1550700E+01 | 0.0000000E+00
a(1,0) 1.6474900E-01 | 1.1938458E+04 -1.5396773E+04 1.1251043E+04 | 1.0602705E-01 | 7.9749400E-02 | 1.5000000E+00
a0, 1) -1.4050070E-01 | -1.9962282E+02 -1.4160386E+01 -2.6712519E+02 | -3.4069240E+00 | -1.7706875E-01 | 0.0000000E+00
a(2,0) -5.1987300E-02 | -4.8574811E+02 5.4158924E+02 -4.5492745E+02 | -3.1884830E-03 | 4.8659675E-04 | -7.5000000E-03
a(1, 1) -7.0448690E-03 | 7.8748002E+00 5.6775484E-01 1.0645736E+01 | 0.0000000E+00 | 0.0000000E+00 | -7.5000000E-03
a(o, 2) 1.6154370E-02 | 2.5929804E+00 1.1942148E+00 3.6669421E+00 | 1.5370325E-01 | 4.8659675E-04 | 0.0000000E+00
a(3,0) 3.9913150E-03 | 1.0855881E+01 -1.0358971E+01 1.0120505E+01 | -1.0801210E-04 | 0.0000000E+00 | 0.0000000E+00
a(2,1) 1.4794820E-04 | -1.0266703E-01 -7.7071033E-03 -1.3986048E-01 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a(1, 2) 3.3848030E-04 | -6.9109752E-02 -2.4873835E-02 -9.7497566E-02 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a(o, 3) -1.7546700E-04 | -1.4504600E-02 -3.1209902E-02 -2.4662769E-02 | -3.6748700E-03 | 0.0000000E+00 | 0.0000000E+00
a(4,0) -1.2774870E-04 | -1.4417120E-01 1.1603083E-01 -1.3401172E-01 | 8.4599300E-06 | 0.0000000E+00 | 0.0000000E+00
a(3,1) 2.7564440E-06 | 4.4431373E-04 3.3083382E-05 6.0764355E-04 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a2, 2) -4.0416670E-06 | 4.5679208E-04 1.7311782E-04 6.4613035E-04 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a(1, 3) -1.9710210E-06 | 1.9871610E-04 4.1754490E-06 3.1927693E-04 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a(o, 4) 6.0752130E-07 | 2.6937182E-05 1.5364226E-03 7.6292913E-05 | 4.6273625E-05 | 0.0000000E+00 | 0.0000000E+00
a(5, 0) 2.0157030E-06 | 1.1395330E-03 -7.5743018E-04 1.0579750E-03 | -1.3928745E-07 | 0.0000000E+00 | 0.0000000E+00
a(6, 0) -1.5580170E-08 | -4.9703336E-06 2.6462473E-06 -4.6175613E-06 | 7.1638300E-10 | 0.0000000E+00 | 0.0000000E+00
a(7,0) 4.7976930E-11 | 9.2406348E-09 -3.7606039E-09 8.6063163E-09 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00
a(o, 5) 0.0000000E+00 | 0.0000000E+00 -3.5650030E-05 0.0000000E+00 | -2.9054230E-07 | 0.0000000E+00 | 0.0000000E+00
a(o, 6) 0.0000000E+00 | 0.0000000E+00 3.0668448E-07 0.0000000E+00 | 7.1638300E-10 | 0.0000000E+00 | 0.0000000E+00
x(max), % mol/mol 100.0 100.0 100.0 100.0 100.0 100.0 100.0
x(min), % mol/mol 0.0 60.0 (75.0-15) 60.0 (75.0-15) 60.0 (75.0-15) 0.0 0.0 0.0
y(max), % mol/mol 100.0 | 40.0(25.0+15) 40.0 (25.0+15) 40.0 (25.0+15) 100.0 100.0 100.0
y(min), % mol/mol 0.0 0.0 0.0 0.0 0.0 0.0 0.0

z(max), % mol/mol 100.0 40.0 (25.0+15) 40.0 (25.0+15) 40.0 (25.0+15)

z(min), % mol/mol 0.0 0.0 0.0 0.0

Table A.2 (continued)

2016-07-26
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A15 Al6 Al7 A18 A20

X: ethane propane butadiene butylene methane

y: ethylene ethylene carbon dioxide

z: nitrogen

a(o, 0) 2.9655595E+01 | 2.4494755E+01 | 1.2000000E+01 | 2.0000000E+01 | 2.9917430E+02
a(1,0) 1.7064685E-01 | 1.3676575E-01 | 0.0000000E+00 | 0.0000000E+00 | -1.5119580E+01
a(o, 1) -1.2344405E-01 | -5.4597900E-02 | 0.0000000E+00 | 0.0000000E+00 | -3.1156360E-01

QL Q

QO L QO
OCONOUOFR NWRPROPRPNWORNDNC
LeeeserEoYrERES

~

Q

~

Q

QL U L LYV Y QD

-2.3601400E-04
0.0000000E+00
-2.3601400E-04
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

-4.1083915E-04
0.0000000E+00
-4.1083915E-04
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+0
0.0000000E+@0
0.0000000E+
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

7.6359480E-01
4.5480690E-02
1.1230410E-02
-2.3762630E-02
-7.8562940E-04
6.5557090E-04
-2.1468550E-03

43554940604
3.8606680E-06

-1.3816990E-06
-7.9339020E-06

-4.6077260E-06

2.6105700E-08
-6.1439140E-11
-8.3693870E-07

(
(
(
(2,
(
(o,
(
(2,
(
(
(
(
(2,
(1,
(o,
(5,
(6,
(7,
(O,
(O,
(
(
(

a(o, 6) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 3.9280730E-09
x(max), % vol/vol 100.0 100.0 100.0 100.0 100.0
x(min), % vol/vol 0.0 0.0 100.0 100.0 35.0(50.0-15)
y(max), % vol/vol 100.0 100.0 45.0 (30.0+15)
y(min), % vol/vol 0.0 0.0 0.0
z(max), % vol/vol 65.0 (50.0+15)
z(min), % vol/vol 0.0

2016-07-26

a(2,2) must be minus

1.3816990E-06, this is a typing

error
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Table A.10 (modified) — Additional numerical examples for software validation purposes

Component Mix 1 | Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 | Mix9 | Mix 10 | Mix 11 | Mix 12 | Mix 13 | Mix 14 | Mix 15 | Mix 16
carbon dioxide 1.00 0.20 2.30 2.00 3.90
nitrogen 13.00 | 13.00 0.20 0.80 0.74 3.70 0.40
oxygen
hydrogen 70 5 5 65 5 50 5 20 90
carbon monoxide 20
methane 83.53 | 82.43 94.68 86.30 87.34 84.62 85.58 15 80 70 10 65 5 75 55 4
ethylene 5 5 5 5
ethane 3.47 3.00 3.20 8.70 7.00 8.00 5.70 5 5 5 5 5 5 5 5 2
propylene 5 5 5 5
propane 0.20 1.05 1.60 2.20 1.70 2.10 5 5 5 5 5 5 5 5 2
butylene
butane 0.27 0.47 0.30 0.41 1.47 0.90 5 5 5 5 5 5 5 5 2
pentane 0.10 0.20 0.11 0.51 0.82
hexanes+ 0.20 0.60
hydrogen sulphide 5 5 10
total 100.0 | 100.0 100.0 100.0 100.0 100.0 100.00 100 100 100 100 100 100 100 100 100
0 0 0 0 0 0
methane number 90.02 | 85.03 80.00 75.03 70.02 65.00 59.97 20.48 | 53.20 41.25 19.58 35.02 23.89 44.15 30.43 9.73
Ternary mixtures Al A4 A4 A4 A4 A4 A4 Al Al Al Al A3* Al A5 Al Al
Selected A4 A7 A7 A7 A7 A7 A7 A3 A5 A3* A3 A6 A2 A6 A5 A3
green marked: A8 A8 A8 A8 A8 A8 A5 A6 A6 A6 A7 A3 A7 A6 A5
corrections A6 A7 A7 A7 A8 A6 A8 A7 A6
*red marked: A7 A8 A8 Al12 A9 Al3 A10 Al10 A7*
selected acc. code, A8 A9 A15 A10 Al4 All Al1 A8
Calcuration of MN A2 | Ate | AL | AT
Al6* Al12 Al6
Al6*
Page 20 of 20
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