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1. Preamble
The here published *.exe version of the MWM MN cdéddion program includes some
improvements compared to the published EN 1672&lata and these are discussed in
chapter 6 “Description of the program, correctidimnex A”. A corrigendum or an
amendment to Annex A is in discussion and will belished after finalization.

With the given information from the Source Code #maldescription in Annex A
specialists would be able to replicate the caleutaprogram with a very high effort.
Even with selecting the same triangle diagramsuesnuly the given polynomials from
Annex A there might be differences in the resultity due to different iteration routines.
In order to ensurethe most accurate results, we recommend you only use the

original program.

2. Installation

« Unzip the file MN.zipin the folder C:\MN

*« Rename “mn.exe_" to “mn.exe”
Remark: The file extension is temporarily changed becamsst email and file transfer
systems block *.exe files

The executable “mn.exe” together with the dynanmk library “mzdIl.dll” can be
installed in a user defined folder. The help fiteddme.pdf’” must remain in the folder
C:\MN

3. Requirements for the computer:
* Processor x86 or x86-64.

* 3 MB free disk space
* Windows NT or higher

Pagel of 20

2016-07-26



4. User Guide for “mn.exe”

a) Start the executable File “mn.exe”. The MN- caltiola will be displayed

F b
Methane Number Calculation

Methane Number Calculation ‘

| @
Gas composition ] Walume-% :]'

@
"
C02....... Catbon dioside....... [%] o0 M W M

- Input -

M2, HItOgEn. v [%] .00o Energy. Efficioncy. Enviranment.
02, DY i %] .0oo ‘ A Coturpiliar Company
(S E el Hydrager......oe., [%] .00a mr-yersion : 2.0.0
(075 SR Carbon momoxide.. [%] 000
CH4...... Methans. ..o %] 000
C2H4. ... Ethylene......... 1% .000
2, .ooa
CZHE..... Ethane............ [%] — Eoliiie
C3HE.......Fropylene............. [3] !

C3HE. ... Propane. ............ [ 00d M
C4HE...... Butadiens.......... %] .00 Euit

CAHE. ... Bulene. oo %] 000
CAHAN....Butane. ... ..o ] .0oo
CEH12... Pertans. oo, %] 000
BB Heranes+. ... [%] .0oo — Dutput -
HZ5....... Hudrogen sulphide. 3] 000 M
Methans Mumber [-
H20....... Wiater vapour. ... [%] 000 tbme e
mzdl-Version: 200
Total [%] 000

b) Select the unit for the gas composition: VolumeM#6J-% or Mass-%

o =

Methane Number Calculation

Methane Number Calculation ‘

~ Input 1T .
e

Gaz composition

coz.... Carbon dioxide......... [%]

M2 Mitrogen. ..o, [%] Enargy. Efficiency. Enviranmaent.

A Catoepillar Company

After this selection, input the numerical valuedha 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 gasiponents.

Use SHIFT+TAB to move to the previous input boxiw gas components.
You can also use the mouse to move to an inpubbithe gas components.

2016-07-26
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c) After the input of the data has been completetecs _“2@€ | and receive the
calculation result:
The “Output” section in the bottom right cornertioé window shows the calculated
MN data based on the gas composition.

- 5
Methane Number Calculation

Methane Number Calculation ‘

Input 1 -
Gas composition Wolume-% :.]'

[ ]
@
C02.....Carbon disside. ... [2] 1.000 M w M

N2 MIrOgeN. ......cvereoe 4 2,000 Energy. Elficiency. Environment.

02 RS [% 000 | ACatorpillar Company
H2 o Hydrogen ............. &4 000 minersion : 2.0.0
Bl Carbon momoxide... [%] .0oo

CHA4....... Methare............. %] 85.000
Cotie ey Rner e ] 00 Gl |
CIHE.... Ethare. ...oooo..... &3] 7.000

C3HE... Propylere....... 2 000
CIHE. PRRERS ol i 5000 el

CAHE..... Butadiene............ B4 000 Esit

CAHS...... Buteng ... %] 000
CAH10... Butane. .............. [%] 000
CEH12....Pentans. ... ] 000
[ 5 Hexanes+............ [%] 000 Output
H25....... Hydrogen sulphide. [%] 00o i

oo Methane Number [-] il

mzdll-ersion:  2.0.0

H20........ Water vapour......... [%]

Total [#] 100.000
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d) The buttoﬂ Cear | deletes the previous gas composition.

I %
Methane Number Calculation

Methane Number Calculation ‘

~ Input LI
l ®
Gas composition i WValume-% :]' |

®
o
C02......Carbon dioside.......[%] 000 M w M

N2 Mittagen.................. %] .000 Energy. Etficiency. Environment.
02 o OHPEN E4| .oa A Catwrpillar Company
Has s Hydragen....ooooe. [%] .000 mnersion : 2.0.0
(BB Carbon momoxide... [%] 000
—

(i P et 2 B

3 MMN-calculation M
‘C2H4..... Eth = Clear ]
C2HE......Eth '@' Do ycruhrelall.y watrl?t to clear Calculate
CIHE . PI’D‘I k. * 4 your whole input?
C3HE.... Prag. el j
CAHE....Buld) es o | pa |
CAHE... Bulthe = =
CAH10.. Butans. ............. [ 000
CEH12.. Pentane...... ... [ .00
BBt Hexanes+........... [%] .0od  Output
H25........Hydragen sulphide. [%] oo b/

000 Methane Humber [-]

mzdlWersion: 2,00

H20...... Ywfater vapour....... [%]

Total [%] .ona

h, )

Acknowledge with__Y=_| to delete previous input data.

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

e) With the button__** | you can display the “README.PDRformation
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5. Messages, Descriptions:

a) Ifthe Total is <95% or >105% of the gas composit{100%), a manual correction
or re-check of the input data is required. No dalibon is possible, as shown in the

message. Acknowledge wi and revise the input detnually.

Methane Number Calculation

Methane Number Calculation ‘

—Input — =
' ' a
Gaz composition ] Wolume-2 :']

&
i
£02.......Carbon diowide.....(z] | 2100 M W M

N2 MNitrogen. ... 1% 3.000 Energy. Efficiency, Environment.

02 DRygen e %] 000 A Catorpillar Comparny
HZooon Hudrogen............... E9] 000 mrersion : 2.0.0
CO Carbon momosidell 0on J

MN-calculation M

CH4.......
tand The Total is < 95% or > 105%;
C2HE l_, correct the input please !
C3HE
C3Hg
C4HE
C4HE..... . Butena................ [%]
000
000
.0oo — Dutput—
.oaa [FIvE ¥

oon Methane Humber [-] I

H20 Water vapour........ [%]

mzdlersion: 200
Total [%] 105.100
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b) If the Total is>95% 0r<105% of the gas composition (100%) a correctioht0%
will be offered to the user. Sele "™ to reviseitiput data manually or
I | for automatic apportionment to 100%.

Methane Number Calculation

Methane Number Calculation ‘

~ lrput — T -
Gas composition Wolume-5 :]'

| ]
02 Carbon dioide.. %] 200 M W M

MZ.......... MItTOgen. ... [%] 3.000 Energy. Elficiency. Environment.

(Bl U 4] 000 | A Cotevpilisr Company
[ Hudrogen................ [%] 000 mntersion : 2.0.0
(BB ey Carbon momaoxide. . [%] 000
T ]
E L L yr— . |
C2H4......Eth Okar |
E2HE...... Eth I- ; The Total is [w-t equal to .100% ! Calculate J
e pall e ane o
E3HS......Pro Help 1
C4HE...... Butd: ves Mo ] s 1
.

...... 1% jelel
CEH1Z. Pentans. .......... % oao
CB+........ Hesahes+ ..o e [%] .00a — Output
H25........Hpdiogen sulphide: [3] .00o Mt

oo Methane Mumber [-]

mzdersion:  2.0.0

Ha20....... W ater vapour......... [%]

Total [%] 7.000

After selection | you receive the adjusted gasmasition and calculated
results.
Displayed on the left is the corrected compositmt00%, and displayed on the right is

the calculated MN based on the apportioned comipasit
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Methane Number Calculation

Methane Number Calculation ‘

i~ Input

Gas composition

020 Opger. ....oooenee. [%]
H2: Hydrogen: ... [%]
CO....... Carbon momaoxide.. [%]
EH Methane............. [%]
C2H4 .. Ethylene............ [%]
C2HE.....Ethane. ... [%]
C3HE.......Propylene... E]
C3HB... .Propane.......... [%]
C4HE...... Butadiere.............. [%]
CAHE.....Butene........ccoee [%]
CAH10.. Butane......... [%]
CBH1Z . Pentare.............. [%]
Ch+. .o Hexanes+ ... [%]

Total [%]

Yolume-% -

.00

83.631

.00

5.155

.0oa
.0oa
000
.00
000
.0oa
.00
.0oa
0o

100.000

MWM'

Energy. Efficiency. Eaviranment.

A Catorpillar Company

mnersion : 2.0.0

Clear

Help
Exit

— Output -
bl b

teathane Mumber [] a3

mazdlifersion: 2.0.0

2016-07-26
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c) If the deviation for the calculated MN is >5, tlwdléwing message will be

displayed:

Methane Number Calculation

Methane Number Calculation ‘

~ Input

Gas camposition

Yolume-? -

MWM

COZ......Carbon dioide..... (%] 000
N2 Mittogen................. [%] .000 Energy. Elficiency. Enviranment.
02 e IRYGEN. i, 12 -000 A Cororpitlar Company
[ Hydragen, oo [%] ] 10.000 mnAfersion : 2.0.0
Bl e Carbon monposide  [2:1 I-W. |
MM-calculation w

C3HE.......Propylene.

C3HS.....Propane...

L\ MM not confident due to delta MN =5!

C4HE...... Butadiens,

C4HS..... Butene............. [%]
CAH10.... Butang....cooeeeenes [%]
CBH12 .. Pentane.......... [%]
CE+........ Hexanes+..........o.... %]

H25 2 Hydrogen sulphide. [%]

H20...... Wwiater vapour........ [%]

Total [%]

.0oa
.0oa
.0oa
.0oa
.ooa
.0oa

100.000

i~ Output-

P

tethare Mumber [-]

mzdl-ersion:  2.0.0

The iteration process failed with the given gas gosition.

The calculated MN is not confident.

2016-07-26
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After acknowledgement wi

guestion mark.

Methane Number Calculation

Methane Number Calculation |

i Input -

Gas composition

Mzsiis Mitrogen................. [%]
gt ORygen.......oocvininn
H e Hydrogen............... [%]
{5 s Carbon mormoside...[%]
CH4...... Methane............. [%]
C2H4.....

C2HE.......

C3HE.......

C3HE......

C4HE.......

C4HB.......

C4H10

CEH12. . Pentane...........cc..c.. [%]
CB+.... Hexanes+........... [%]

{2 Hydrogen sulphide.. [%]
H20 ‘water vapour....... [#]

Total [%]

] Yolurme-7 vi
.ona

.00
.00

10.000

20.000
70.000

.00o
.00na
.00a
.00
.00
.00no
.00
.00no
000
.00ng
000

| 100.000

MWM"

Energy. EHficiency. Enviranment.

A Cxtonpillar Company

mh-Yersion : 2.0.0

Clear

Calculate

Help

ek

Exit

i~ Dutput—

b
Methane Mumber [-] 847

mzdersion: 200

2016-07-26
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d) For gas compositions with a content of hydrocarli©ss 3% or C5+ C6+ >5% the
following message will be displayed.

‘Methane Number Calculation

Methane Number Calculation ‘

~ Input -

G as composition ] Walume-% j'

&
=
C02.......Carbon diowide.......[%] 008 MWM

i 2 .oon
N HbSEE e g Energy. Efficiency. Environment.
P S 1 %] 000
Hafidisin Hudrogen............. [%] 0o riiersion : 2.0.1
[ Carbon momoxide. . [%] 0o

[ e3sooo |
CH4....... M ethape 4221 S
MMN-calculation ﬁ ol ]
C2H4...... Ethylet - Ear
C2HE......Eth.
=3 \ MM not confident, Calzulate

C3HE....... Propyl _l\i due to high content of C>C4 !
CIHE.......Fropat Help J
C4HE...... Butadi) o

C4HE.......Butena - —
CAH10... Butane.. ............... [%] 2.000

C5H12.... Pertans, ..o %] ] =.100

(B e Hexanes+........... [%] 000 ~ Dutput

HZ5....... Hydiogen sulphide. [] 000 beltaghd
000 Methane Mumber [-]

mzdlersion: 2.0

H2@ W ater wapour......... [%]

Tatal [%] 1000000

Pagel0 of 20
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After acknowledgement wi
guestion mark.

Methane Number Calculation

Methane Number Calculation ‘

i Input—

Gas composition Walume-% :]'

| ]
| ]
COZ...... Catbon diokide........[%] 000 M w M

i % R}
(i s Mitrogen.................. [%] Energy. Efficiency. Environment.
02 DRYGER o 1] .00o
HRer Hydragen..... ... [ oo mnersion : 2.0.1
BB e s Carbon momoside...[%] 000

CHa-..o... Methane, oo e B 83.300
C2HA. . Ethylene.......... % oo &J
C2HE...... Ethane. ..o 4] 8000

C3HE...... PrOpYIENE o % 008
3 . PARARS el [z [ 3000 el |
CAH..... Butadisne............ %] 000 it ]
CAHS..... Bubens. ..ooe.on. %] -0oo

CAH10.... Butane................ [%] 2.000
C5H12. Pentane............. 1% 3100

LB Hexanes+.............. [%] 000 ~ Output

HZ5........ Hydrogen sulphide [%] 0o bt

Methane Mumber [- 472
H20 =0 i aker vapour.... [%] -00o =itans Huinber i

mzdlVersion: 2,01
Total [%] 100.000

2016-07-26
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e) For unrealistic or out-of-range compositions thikofeing message will be
displayed:

Methane Number Calculation

Methane Number Calculation ‘

~ Input = .
Gas composition Wolume-% :]'

il
=
C02..... Carbon dioside......[%] Ea.000 M w M

[ AT LEeTa =L S 1] 000 Enargy. EHiciency, Envirenmant.
02 DROE i %] oo R Caavpillar Company
HZooo Hydiogen,............ Ed) oa mnersion: 20.0
{B{NEaR Catbon momoside. .[3] ., L] | -
MM-calculation w
CH4........ Methane.............. [%]
C2HA...... Ethylene. ..oo...... B4 Elear ]
I, MM invalid !
2, b
C2HB...... Ethane ..o %] A ST
C3HE....... Fropylene.............. [%]
B Piopanes %] e
C4HE.... Butadiene............ [%] it I
C4HE,.... Butene. ..., B9 0o
C4H10... Butane. o.ooeov.....e.. 1] 000
CEH12. Pentans........... 4 -oa
CE+....... Hexanes+.............. [%] 000 i~ Output
HZ5........Hydrogen sulphide. [%] 0o Mia/h

oo Methane Mumber [-]

mzdlWersion: 2,00

H20....... Wiater vapour........ [%]

Total [%] 100,000

No calculation is possible because there are roalatilable for the calculation. This gas
composition data are out of the range of the abtgldata in the MN calculation.

Pagel? of 20
2016-07-26



f) To exit the program, use the but{_&t_|
The following message will be displayed:

7
Methane Number Calculation

Methane Number Calculation |

- |nput - .
Gas composition I Molume-% :!'

D
B
= MWM

2.041 Energy. Etficiency. Environment

D2 Owgen..o. [zl 000 A Cotmpifios Company
H2.... Hydogen. ... %l sl mnersion : 2.0.0
B Carbon momoxide... [%] oo

e ——
CH4....... hetf™ MN-calculation g - 2
C2H4.... Ethy o
L2HE..... Bt I.-"_' . Do you really want to Exit Calculate
CaHb... Prog - the MM-calculation?
C2H8......Fra Help
C4HE......Butd) Yes Mo | Exit
C4Ha.......Bub
CAH10.... Butane.................. [%]
CEH12.. Pertane. ... &) 000
CB+...... Hewanes+ ... [*%] .00o - Dutput -
H25....... Hydrogen sulphide. [%] 000 bt
H20...... Wiater wapour......... [%] 000 Methane Number [ ,‘_ﬁ__

mezdll-ersion: 200

Total [%] 100.000

4

you would like to continue with calculations.

6. Description of the program, corrections Annex A

a) The calculation of the MN is based on the data ftbenFVV report:
“Erweiterung der Energieerzeugung durch Kraftgasd,3” ( Heft 120, 1971)
The program can be used for a broad range of gapasitions.

b) Corrections for gas compositions with Nitrogen, a2l C6+ were implemented
from MWM based on own measurements. The calculatf@ompositions with C5
and C6+ is limited to a content of C5 and C6+ &dd- % each and a total of 5 Vol-
%.

c) The complete description of the program is avagablthe EN 16726 in “Annex A",
but there is a need for some corrections, see below

1. A.3.2 Selection of the ternary systems:

Pagel3 of 20
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Systems A17 and A18 should be deleted from theseitelist, because
“Butadiene and butylene are replaced with an eqaiaamount of butanes
by multiplying their quantities by 15eeA.3.1 Simplification of the
composition of the gaseous fuel. Therefore A17 and A18 are not used for
the selection process.

2. In Table A.2 (continued in column A9, A10, Al11, A20 the tolerances for
x(min), y(max), z(max) are added for better undarding. The formulation
in the Annex A may be misleading because it is al@gcribed for the
calculation of the fitness foV'sum; in Table A.3. But these boundary
conditions are also valid during the optimizatignMarying the quantity of
each gas component of the partial ternary systeriéofinal 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 vatida
purposes. In this origindlable A.10 only the selected systems are listed
which are valid for the calculation. This may reésnlsome confusion for
specialists replicating the code. Following thectiégd code in Annex A
there are in some cases additional ternary systetasted. Some ternary
systems may not be used for the final calculatiothe MN, because with
that ternary system(s) the criteria “minimize tMNmax — MNmin)” cannot
be fulfilled (criteria see bullet point 6).

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

I. Mix 8: selected systems changed, result for final 8so slightly
changed (changes are markedjiaen coloin Table A.10(modified)
see below).

ii. Mix 10 and Mix 12: selected systems were addedrdaog
described code for the selection procesd (olo). These red
marked ternary systems are not used for the fimaltation of the
MN (criteria see bullet point 6)

iii. Mix 12: minor change in the calculated Mi¢en coloin Table
A.10(modified) see below)

iv. Mix 16: selected systems changéd (selected instead @f3). The
red marked systeni\{’) was not used for the final calculation of the
MN (criteria see bullet point 6). The calculated Mhangeddreen
colorin Table A.10(modified), see below)

6. Criteria for not using ternary systems for finalcc#ation of the MN:

I. The MN from a partial ternary system does not matith the
.arget MN“. The ,target MN" is the temporarily (during
optimization) arithmetic average of all MNs calcigd from each
partial ternary system weighted according the vawuontent of the
ternary system from the total gas compositionargple: there are 3
ternary systems selected’ dystem has 80% of the quantity of the
gas components"®has 15%, 8 has 5%. The calculated MNs are:
1%'70.3, 29 70.2, & 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@stanization is
less tharD.05% of the total quantity of the gas components in the
composition.

7. Additional information with calculation results

Pagel4 of 20
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During the calculation a temporary file mzdll.tstautomatically created. The
file is stored in the folder: C:\Users\xxxx\AppDdtacal\Temp (xxxx is the
user ID). This file will be updated after everyaahtion.

The file shows the gas composition, the selectetatyg systems and
optimization steps. After successful optimizatiba tesults for the calculated
MN for each partial ternary system is displayed| e result for the MN.
This file is only available in German language, duleast self-explaining, see
below:

mzd11-METHANZAHL -BERECHNUNG

mzd11-version: 2.0.1

INTERNAL REQUEST 25.07.16 12:00:01

GAS-ANALYSE IN VOLUMEN-PROZENTEN
H2 WASSERSTOFF : 90.0000

PROPAN. . 2.0000
- -AETHAN. . 2.0000
BUTAN. . ... ............: 2.0000
METHAN. .. ............! 4.0000

1 8_3 2_016 7_3 devrve v dedrdor vt ?_4 ?_1 26_8 30_? Vel v Vet sk vt st vt Yo Yeadtrodr el sl ool
2 9.0 1.598 7.7 ®®k¥ w%kk¥k wkxkx% Q. f 7.6 25.7 23.4 FEIEE REdk Hrdrdk wkddk RkAE Rkkk Kukdkwk RkkE AAkw wws
3 0.3 1.275 8.6 *%k% dkwwkx kwkkwk 1.1 8.0 16.5 23.4 FEREF kkkdk kkdk kkdd Kk Kkdkdk Kkdkk Kkkk Akkk wkwk
4 9_5 _922 9_2 kddkdk kdkdk kdokd 10_0 8_3 15_8 19_6 ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
5 9_4 _742 9_3 devrve v dedrdor vt 9_9 8_1 14_3 16_2 Vel v Vet sk vt st vt Yo Yeadtrodr el sl ool
6 9.3 CB38 Q.8 #kk% Ak kxkk Q7 7.8 13.2 13,6 FEEE Ak EEkE AkwE AkkE FkkEk FkEkE AkEkE AAEE khER
7 9.4 CB24 Q.0 Hkk% kEkk kxkkk Q. F 8.2 12.7 11,6 FEEE ek Ekkk wkwkk Fkkk Fkkk kkkk KkEkk AkEk kkEk
8 9_5 3?9 9_9 kddkdk kdkdk kdokd 9_5 8_8 11_5 11_0 ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
9 9.5 J208 Q.8 ®uk% k¥dkk kxk%k Q.5 8.0 10.5 10,7 FEEE kX kA% FuwR AR FREK FRER KRR KAXR kAXR
10 9.6 (220 Q.8 #¥k% k¥ kxEk Q.5 9.2 10.5 10,3 FEEE EkE EEkE FkEE AkEE KRk kkEkE AkEkE ARER khER
11 9_6 _162 9_8 KAk A kFkA kdkN 9_6 9_4 10_3 10_0 ek h T Wk ek owd ANk Fekhk ek ko Mok otk otk
12 9_6 _122 9_8 kddkdk kdkdk kdokd 9_6 9_5 10_2 9_9 ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
13 9.6 079 Q.7 ®ukw k¥ukk kxk%k Q.5 9.5 10.0 9.0 FEEE EAE kX FukR FkEE FREK KRR KRR KAXR kAXR
14 9.7 C0B3 Q.7 Hkk% kEkk kxkk%k Q. f 9.6 9.0 Q8 FEEE hkkk Hkkk Fkwkk Fkkk Fkkk Fkkk AkEkk AkEk kkE%
15 9_7 _041 9_7 KAk A kFkA kdkN 9_7 9_6 9_9 9_? ek h T Wk ek owd ANk Fekhk ek ko Mok otk otk
16 9_? _033 9_? kddkdk kdkdk kdokd 9_? 9_? 9_9 9_? ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
17 9.7 L0200 9.7 ®¥k% k¥wkk kxk%k Q7 Q.7 Q.8 Q.7 FEEE kX kX AR FkER FREK FRER KRR KAXR kAXR
18 9.7 014 9.7 #¥kk% kEkk kxkk%k Q.7 Q.7 Q. Q7 FEkE kkk Ekkk Fkkk Fkkk Fkkk kkkk Akkk AkEE kkEk
19 9_7 011 9_7 khkFk kdkdk kh kA 9_7 9_7 9_8 9_? FkAX ‘oA Tdkokd Fkkk FkAk Wokhk Wakkok Xokwok Ak Ak kAR
20 9_7 _007 9_? ke kdekdk kedokd 9_7 9_7 9_? 9_? ek dek Tk FTdkokd ek dedkdr ok ko kb Wk el ak btk
21 9.7 C013 9.7 ®wk% k¥kk kxk%k Q7 Q.7 10.7 9.7 FEEE kX kX AR FkEE FREE KRR KRR KAXR kAXR
22 9.7 C000 Q.7 #kk% kukk kxkk%k Q.7 Q.7 10.4 Q.7 FEEE ek k% Ekwkk Fkkk Fkkk kkkk hkEkk AkEk kkEk
23 9_7 _005 9_7 khkFk kdkdk kh kA 9_7 9_7 10_4 9_? FkAX ‘oA Tdkokd Fkkk FkAk Wokhk Wakkok Xokwok Ak Ak kAR
24 9_7 _006 9_? ke kdekdk kedokd 9_7 9_7 10_2 9_? ek dek Tk FTdkokd ek dedkdr ok ko kb Wk el ak btk
25 9.7 J012 9.7 ®wkw k¥wkw kxk%k Q7 Q.7 10,1 9.7 FEEE kX kA E Huw R FdkkE KRR FRER KRR KRR kAAR
26 9.7 J015 9.7 #kk% kEkk kxk%k Q.7 Q.7 10.0 Q.7 FEEE ek wkkk wkkk Fkkk Fkkk kkkk hokkk AkEk kkEk
27 g_? 014 9_7 kddkdk kdkdk kdokd 9_7 9_7 9_9 9_? ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
28 9_7 _011 9_? devrve v dedrdor vt 9_7 9_7 9_9 9_? Vel v Vet sk vt st vt Yo Yeadtrodr el sl ool
29 9.7 C009 Q.7 ®¥k% k¥dkk kxk%k Q7 Q.7 Q. Q7 FEEE kX kX AR FRER FREK FRER KRR KAXX kAAR
30 9.7 009 Q.7 #kk% kEkk kxkk%k Q.7 Q.7 QB Q.7 FEEE ek wdkkk Fkwkk Fkkk Fkkk Fkkk AkEkk AkEk kkEk
31 g_? _007 9_7 kddkdk kdkdk kdokd 9_7 9_7 9_8 9_? ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
32 9_7 _005 9_? devrve v dedrdor vt 9_7 9_7 9_8 9_? Vel v Vet sk vt st vt Yo Yeadtrodr el sl ool
33 9.7 C006 Q.7 #kk% Kk kxkk Q7 Q.7 Q.7 Q7 wEkE Ak EkkE AkAE AkEE ARk kkEkE AkEkE AAEE kAR
34 9.7 C005 9.7 #kk% kEkk kxkk%k Q.7 Q.7 Q.7 Q7 FEkE hkkk wkkk Fkwkk Fkkk Fkkk kkkk Akkk AkEk kkEk
35 g_? _004 g_? kddkdk kdkdk kdokd 9_7 9_7 9_? 9_? ek dk Tk Tdkkd ek dedkdr ok ok kb Mok ok stk
36 9_7 _003 9_? devrve v dedrdor vt 9_7 9_7 9_? 9_? Vel v Vet sk vt st vt Yo Yeadtrodr el sl ool
37 9.7 J030 Q.7 #kk% k% kxkk Q.7 Q.8 10.5 9.7 FEEE Ak EEkE AkAE AkEE KRk KRk AkEkE AAEE khER
38 9_7 _02? 9_7 KAk A kFkA kdkN 9_7 9_8 10_3 9_? ek h T Wk ek owd ANk Fekhk ek ko Mok otk otk

» The header shows the gas composition which wasllesdcl
« 1% column shows the iteration steps (the first 3@stEre displayed here)
« 2"column is the calculated MN within that iteratistep
« 3%column is MNmax — MNmin
« 4™ column shows the calculated MN in that iteratitepgfor the selected ternary
system Al
« 5".18" column are the ternary systems A2- A18
» The columns with numbers are the selected ternatems for calculation: in
this case Al, A5, A6, A7 and A8.
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Yo Y./ QUL Y, wWER mwww wwww Y, Y/ Y/ o3 Y, WEER WEWH WHEW RN NWHN WHHW WHEW RWHR NRNR AWK
a7 9.7 . 000 Q.7 FFEE kdkk ok q9.7 9.7 97.3 Q.7 FEREEK FEokE kdkdk ok ok ko ko kE &k kAR ko

ERGEBNIS NACH 97 ITERATIONS-SCHRITTEN

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

H2...... WASSERSTOFF..........: 92.142 PRZ

C2Hb. ... AETHAN . 4.838 PRZ

CH4..... METHAN 3.019 PRZ
METHANZAHL = 9.72480 IN DER MIT 37.066 PRZ

BETEILIGTEN GEMISCHGRUPPE : A 5

5.396 PRZ
1.810 PRZ

METHANZAHL = 9.72482 IN DER MIT 24.226 PRZ
BETEILIGTEN GEMISCHGRUPPE : A b

H2...... WASSERSTOFF..........: 91.993 PRZ

CAH10...BUTAN. . oot vv e i i nnn .438 PRZ

CH4..... METHAN...............: 7.569 PRZ
METHANZAHL = 9.72476 IN DER MIT 2.548 PRZ
BETEILIGTEN GEMISCHGRUPPE : A 8

C2H6....AETHAN...............: 9.830 PRZ

C4H10...BUTAN......vvvnvunnn.: 74.332 PRZ

CH4..... METHAN...............: 15.838 PRz
METHANZAHL (INERTGASFREI) = 9.72479
‘NERTGAS-GEMISCHGRUPPE: A20
METHANZAHL = 99.99795 MIT

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

co2..... KOHLENDIOXYD.........: .000 PRZ

N2...... STICKSTOFF...........: .000 PRZ
METHANZAHL = 99.99795 MIT

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

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

CH4..... METHAN...............:100.000 PRZ
METHANZAHL (LAMBDA=1.) = 9.72479
METHANZAHL (LAM=1.N2=0%) = 9.72479
UNTERER HEIZWERT 72818. K1/KG

MINDESTLUFTBEDARF
DICHTE (760TORR,0C)

22.47  KG/KG
.230 KG/M¥**3
95

REALFAKTOR (pv/RT)= .9
GASKONSTANTE = 1621.9 1/KG/GRD
ISENTROPENEXPONENT= 1.36

* The optimization was finished in that example a®e iteration steps

» The guantity of each component used for the fiafdidation in each ternary system is
displayed

» The results for the calculated MN for each patgahary system is displayed:

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

» There is also information about the quantity of ghs composition present in the
partial ternary system:

» in this case Al with 36.159 %, A5 with 37.066%, Wigh 24.226% and A8
with 2.548%.

* Ternary system A7 was selected, see column 10mfeatable, but was not used for
the final calculation, because with the gas comptsm that system the “target MN”
could not be reached.

» 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

YVVVYY
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Annex A: Corr

Table A.2 (continued)

ections

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
a(o, 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
a(2,2) -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
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Table A.2 (continued)

Al5 Al6 Al7 Al18 A20
X: ethane propane butadiene butylene methane
y: ethylene ethylene carbon dioxide
z: nitrogen
a(0,0) 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
a(2,0) -2.3601400E-04 | -4.1083915E-04 | 0.0000000E+00 | 0.0000000E+00 | 7.6359480E-01
a(1,1) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 4.5480690E-02
a(o, 2) -2.3601400E-04 | -4.1083915E-04 | 0.0000000E+00 | 0.0000000E+00 | 1.1230410E-02
a(3,0) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -2.3762630E-02
a(2,1) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -7.8562940E-04
a1, 2) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 6.5557090E-04
a(o, 3) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -2.1468550E-03
a(4,0) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 W
a(3,1) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+0 3.8606680E-06
a(2,2) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+@0 | -1.3816990E-06
a(1, 3) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+ -7.9339020E-06
a(o, 4) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 :
a(5,0) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -4.6077260E-06
a(6,0) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 2.6105700E-08
a(7,0) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -6.1439140E-11
a(o, 5) 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | 0.0000000E+00 | -8.3693870E-07
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 beninus
1.3816990E-06, this is a typing
error
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Table A.10 (modified) — Additional numerical examples for software validation purposes

2016-07-26

Component Mix 1 | Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix8 | Mix9 | Mix10 | 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 20
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

100.0 | 100.0 100.0 100.0 100.0 100.0 100.00 100 100 100 100 100 100 100 100 100
total

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 Ad Ad 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 Al2 A9 Al3 A10 A10 A7*
selected acc. code, A8 A9 Al5 Al10 Al4d All All A8
not used for final AL ALG AL ALS
calculation of MN
Al6* Al12 Al6
Al6*
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