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llased on the arrangements or UN~P for the 4th aided pr~ject 

"beijing speciality gas research & dev~lopment center". the com­

puter software expert Mr. Robert .lccarty came to China in June 

16-July 4 of 1988 for helping our Inst. to develop c011puter 

software in the application field of gas aixtng under dl~ferent 

PVT conditions. and 1? according our Inst. real reuireaents, 

.llr. Jiccarty gave technical consultations and alrectlons, be had 

finished bis work satisfactorily. 

During his·two weeks stay, the project 118Dager, technical 

persons or China.side have discussed extensively with •r.ilccarty 

) abou~ software technology and technical applications. _lioth sides 

) 

bave made some modifications and adJustaents about the pre­

liminary sort wares, so that it can accomodate to our Inst. pract 

.. -teal requirements, it will proaote further de•eloping the app­

lications in gas -aixing by using computer software and increase . 
the precision of alxed gases. 

liore details are as follows: 

1. train our Inst. personnel to operate the c<>11puter and the 

•r1uid pack" prograa. 

a) Mr.Mccarty gave us a brief introduction a't>Qut the appl­

ication or compater 1n different trades and developing trends. 

~J He gave us a lecture about the roraation or •r1u1d packh 

including the establisbaent of PVC state equation. 

through a l~rge 'portion or experimental data, revise those 

parameters which influence the PVT equation, to es~ablish a coa­

lete mathematical module which ls congruent to tbe real conditions 

and then use FOHTRAI lanruage to edit the •tluid pack" program. 

c) To illustrate and put on a demonstration to our Inst.'s 

technical persons for the application or "fluids pack". 

(lJ 



.. 

) 

) 

.. 

2. He gave directions to our lnst's technical persons in re­

garding how do use partial pressure method to mix gases. In this 

case, originally planned to prepare 6 mixed gases, le. 

a) \l .6.'C3lis + 4jeo + H2 

b) 5~d4 + 40~2 +Ar 

c) o.3~~~2~•2 

dJ l\l.'lie +2o;W2+ 70-J,a2 

e) )jlie+5j~u4+ 82 
t) 66~2+ 34~r 

Owing to the 11111~ t~, we prepare only one mixed gas . 
i>He + 5~d4 ~ ~, 8 rter &JIA].7zlag to check the accuracy or that by 

means or computer blending. 

The compared results with grav:laetric blending are shown in 

Table I. 

A general requ~rea~~t of blend~g gas by partial pressure me­

thod is tu keep tb~ relative error within 5~(see table IJ, ob­

viously , in using the computer program to blend gas b7 partial 

pressure method, tbe precision is not suffici~nt and satisfy. th­

rough discussions, we all,condeam tbat in tbe progrlllft, owing the 

neglection the consideration or temperature and tilling speed, tbe 

relative error raises bigber. 

3. ~r.llccarty brought beft!l4 kinds or programs, see Table II, 

aaong which, be llluat.rated the 4 programs or KlPROP3,DDMIX, 

SuP6.l~, AlltCV,, and be aade further illprovements about J.iaJ.6UX & 

SJP~, more details, see TablelII. 

4. •r.•ccarty gave us a lecture including all staff members 

or our Inst •• the topic is "Calculation of the thermophysics pro­

perties of mixed gases". 

Since •r. llccarty came to ~hina, however, the time 1~ short 

but tho content is substantial, the coorparation between two sides 

ls very pleasant, he comple:tea not only the specified task, but 
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also .effectively to edit out uur'lLL & ~~'ILL programs which are 

slmple but practical, it gives convenience for our Inst. work. 

·fbrough the exchanging views in technology and concrete ana­

lysis or our Inst. concrete sitUPtions, both sides consider that 

the computer software edited for partial pressure aethod filling 

aust have further aodiflcations, for instance, the influtw.ces of 

teaperatu~e and filling speed to the alxed gas precision 1111st be 

paid attention systematically. therefore, we hope that •r.llccarty 

will do such research work cont1Duoasl7 and supply to us those 

relevant informations. llr.llccarty ls very pleasnat to accept our 

) request. ln the aean tiile; we earnestly hope that U~loo & UNDP 

will help Mr.liccarty's wort continuously, as soon as the condi­

tions are riped, we hope Mi-.Mccarty will C\)lle to ~'bina again for 

directing the development or computer software by means or partial 

·pressure method ana. flnnally to pursua the fruittul results._. 

) cc: 

!iegards 

Beijing speciality gas 
res~arcb Institute 

July 15, 1988 

Foreign economic affairs section or Beijing municipal 
Chemical industry corp. 

Foreign economic affairs sec~ion or Heijing municipal 
economic trade bureau 

China international economic k technologlc exchange eenter 

ttesident representative of UauP in China 

l3) 
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TAliLE I 

composition theoretical analytical relative error analys~is 
results (pa- standard required lpartial pre- J 

value tial pressu~ ssure method.J,e 
re method) 

lie 1 i.u8 8 1.08 

CH
4 5 5.4 8 5.5 

leq~libr- 94 9,.52 ~-51 93.42 

iua gas) 

~. !Alil& II . 

L 
Ho .. 1 • 

1. llIPHOP~. 

2 LJIJalX KX.E u1.1HELP . , , 

cQPtenta remarks 

physical parameters of relevant 
gases 

physical parameters of relevant 
gas mixers 

'. ~1)..1'\lli,_ulJilIX.':1''0~,.1J.iJ1.1AT .1''u.li, . 
uuPHPS .1"'\lR, ,AllliliuU .FuR,111JMES,.; ... -· ... ·. 
Ali.FOR · • n " 

4. 

5. 

6. 

7. 

PA.C~~~PA.COM,CoE.~a,c::>E.AEll 
C3E.H.Ld" 

UATABAtiP.317,.&>IT.294 

~-•RIT6ll or 2)1.078 

PCwftITE(2 of 2).627 

package and auto-edit 

LLS~.55,,ElE~ENTABYC.429, 429 is the program used in tea-
UNIF\lkTtt.454 ~ASSEMJ:SLY.114 cbing 

8. 

~TAT.JAATH.l8J,M.ATH.P&CK.394,~ Mathematics statics 
LINPAC~.554.555 · 

9. 

SUiPLIFIED.472, NB"•.FIG.FORTH ~- '. .· this ts a language which is 
685 not _popular used 

u>. 

11. F77L2 .ARC, HEZP.EXE, 
.ilATH.AKC 

12. UWRFITs.A.ttC,.PA.CUa,PX.CU•, 
.. u-.H.Ah~.,AIHCV.ARU, 

TJWCOur· .AHC 

13 • tiT~aa.Atte,PKhae.CO~ P~~ 
• CJ~,.tbPHo~.¥uH,.••!~~HOP. 
l!'JU!;,~rt~~aT.~oR,N.~.~P-~Dti-
7 • .l''utt,~P .wu:.>.Fott 

14. Su Pl!!rtZH. 1''\lH ,:.>U PfiltZH. EM; 

Calculating the property of H? 
by matrix 

physical parameters of some 
gases 

characteristics or rui3 steam 

Phpsical parameters of gases & 
ga~ mixers ' 



• TAb~ III 

name gas kind actions· remarks 
selected 

uuFILL ~l•c2,c,,1-e4,c4,cu2, as the compositlon,temp- this is 
erature, pressure of the Sill-

~~w2,u2 ,Gu,82~,c5,1-e each component are known, plifled 
then the filling press- prof ram of 

G6,i-C6,C7 ure of each gas can be DUii X 
obtained 

ZFILL M2 ,cu2 ,82~,820,l::le,CH4 , 1. the critical tem. ~ 
pressure of pure gases 

c2 ,c3 ,c4 ,1-e4~~·1-e5, can be Jbmd. 
... 2. the temp. range of sa-

c6 ,c7,c~,c9,<1.~•o2 turated gases can be . 
round. . . -

CU,H2 
.. 3. com~nents which beyo-

.. .. nd uUF LL can· be made • 

llIPHOP~ ~·N2,02,Ar~Nv,,Cll41 1. Tbe critical temp., 
pr~ssure of pure gase~ 

C2~·~H.,c,ua~1-C4B10 can be found. 
2. the teap. range of 

N-C4H10 -, saturated pure gases 
can be round,also those. 
parameters within the 
temp. range under satura7 
ted conditions. 
,.-as far two or the de-
nsity, temp., pressure 
are known the relevant 
parameters or pure gas 
can be ~btained. 

lJUilIX same to uvFILL 1. the relevant physical 
parameters can be obt-
ained from the temp., 
pressure, composition 

. .., or the component • 
I 2. the equilibriUD' and 

physical paruete,·s under 
bubbling point, dew po-
int can be round. 

a>UPKHZ same to iFILL the relevant parameters mainly 
can be obtained Crom for f!:&'S 

the composition, temp. mixture~ 
pressure of mixed gases. 

A1KCN ~.ti4,l!2H6,c4,N2, the relevant parameters mainly 
can be obtained from for 1 tqu~ 

c5,i-e5,o2,Ar the mixed gases. mixtures 



ANNEX : 

S G F I L L I N S T R U C T I 0 N S 

This program uas written to operdte uith a minimum amount of input on the 
part of the user. To keep the input to an absolute minimum, certain 
assumptions have been made about the source and recieving cylinders. 
The program must have: The temperature and pressure of the source 
cylinders, The total volume of the source cylinders, The desired pressure 
•·1the recieving cylinder at the end of the filling process, The total 
~v1ume of the ~ecieving cylinder, The tot~l heat capacity of the recieving 
cylinder, and a so called "equilibrium constant" for each gas. This 
information is contained in the file, BOTTLE.DAT, and therefore, the 
file BOTTLE.DAT must be present on the same disk drive uhen using either 
of the programs SGFILL or SGCHANG. The numbers in BOTTLE.DAT are from my 
memory abo~t of the equipment in Beijing. These numbers may all be changed 
by running the accompanying program named SGCHANG. Before you proceed any 
further run the program S6CHANG to make sure the necessary information about 
the source and recieving cylinders is correct. Go nou to the instructions 
for SGCHANG. 

A sample run of SGFILL is included. The information which must be i--nput 
by the user is marked in green, both here and on the sample run. To start 
the program one must enter 

SGFILL 

Information about the program then comes up on the screen. The allouable 
c ·1ponents are listed and the computer askes for the total number of 
c~ponents of the desired mixture. The user musf then enter that 
number. 

3 

The computer then asks far t~~ number and mole fraction of each fluid, 
one at a time. Enter the number from the table at the top of the screen 
which corresponds to a fluid you uant to be in the mixture. E11ter the 
desired mole fraction of that fluid after the fluid number, separate 
the tuo numners by a comma. The order in which you enter the fluids 
is not important, the computer chooses the most efficient order, or jn 
some cases the only possible order. The computer wili also tell you 
~hP.n a mixture is not possible. 

ThP. last few lines give the order and cut off pressure for each fluid. 



·; G C H A N G I N S T R U C T I 0 N S 

Make sure the files BOTTLE.OAT and SGCHANG.EXE are on the current disk 
drive. Activate the program by entering SGCHANG. The program then urites 
information to the screen. Sample runs of this program are included, 
and the information uhich must be furnished by the user is highlighted 
in green. Match the sample runs nou uith the rest of these instructions. 
The last feu lines uritten to the screen gives a value for the heat 
capacity of the recieving cylinder <bottle> and an opportunity 
to change the val•Je if you wish. A notation to "see instruction no 1" 
referrs to the follouing • 

.i •• ltruction No 1. 

The heat capacity of the re1e1v1ng cylinder is based on the 
assumption that the cylinder is iron. the heat capacity or 
iron is 0.11 calories per gram per degree k, and the recieving 
cylinder ueighs 5 pounds. If any of these assumptions are urong. 
calculate a neu heat capacity and instead of entering a N as 
seen in the sample run, enter a Y and the computer uill ask for 
a neu heat capacity. Enter the neu heat capacity and the 
co•~uter uill move on to the next question uhich is the desired 
pressure at the end cf the preparation process. If uhatever 
the current value is Curiteen on the screen> is not correct. 
change this value in the same manner. The third question is 
about the total capacity of the recieving cylinder, ansuer 
this question in the same uay. 

The computer then urites a table to the screen uhich lists the balance 
c\the information uhich is necessary for SGFILL to run properly. 
Tnf s tab 1 e is fairly se 1 f exp 1 anitary. The "COMPONENT NUMBER" is the 
same number used in SGFILL to designate a particular pure fluid. The 
corresponding fluid is given in the far right column. The pressure and 
temperature are the values of the pure fluid source cylinder at the 
beginning of the injection. The capacity is the total capacity of the 
source cylinder. The E CONSTANT is the number unich in all probability 
will have to be adjus~ed on the bases of the composition analysis of 
mixtures prepared by using SGFILL. This number determines how much of 
the compression heat is transferred to the uall of the recievin9 
cylinder. When this number is 1.0, the program assumes that all or the 
heat due to compression has been transferred to the cylinder and when 
this number is 2.0 the program assumes that none of the heat due to 
compression has been transferred to the cylinder. The program has 
been given the value of 1.1 for all fluids which means that 90% of the 
available heat due to compression has been transfer~ed to the recieving 
cylinder. A higher number for the E CONSTANT will c3use th~ composition 
of the corresponding gas to be higher in a mixture and a lower E CONSTANT 
will result in a lo1..1er com~osition of that gas in th~ mixture. 



• 

Instruction No 2. 

If you w~nt to ch~nqe 3ny of these nu~bers. enter a V if ihe 
numbers 3re correct enter a N. 

Instruction No 3. 

You have a choice of tuo uays to change the numbers in the 
table. If you uant to change anything other than thg E 
CONSTANT, you must choose the direct change option. To 
do this enter a v. Two sample runs have been included 
to illustrate the two change options. If the direct change 
option is chosen, an entire line must be changed. Follow 
the instructions from the program and study the example in 
the sample run. 

l~struction No 4. 

) 

) 

A second option to the direct change option is provided to 
allou changing the E CONSTANT only. This option was 
provided to allow the use of actual experimental data. 
For example if a mixture was prepared according to the 
sample run of SGFILL, and a composition analysis of that 
mixture revealed a composition of .099 for hydrogen when 
the original composition was specified as .1, these numbers 
were used in the second sample print out of SGCHANG. 
Study the first example of SGCHANG and then look at the 
second example of SGCHANG, note that the E CONSTANNT for 
hydrogen was changed by the first example, and that the 
second example changes the E CONSTANT for hydrogen back 
to its original value. 

The last question fr~m the computer gives you a chance abort 
the changes if you think you have done something wrong. 
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sl;50Hl3:25:52.64 Thu 12-0l-·1988uA:\>SGFILL 

THIS IS A COMPUTE~ PROGRAM WRITTEN BY ROBERY O.MCCARTY FOR THE BEIJING 
SPEClALTY GAS RESEARCH INSTITUTE. THE PROGRAM IS DESIGNED TO AID THE 
PREPARATION OF GASEOUS MIXTURES BY INJECTING PURE GASES INTO A RECEIVING 
CYLINOE~. OF SPECIFEO SIZE, ONE AT A TIME, IN A SEQUENCE SPECIFIED BY THIS 
PRGGRAM. THE ALLOUABLE GASES ARE AS FOLLOWS. 

l=HYOROGEN, 2=NITROGEN, 3=0XYGEN,4=ARGON,5=NITROGEN TRIFLOURIOE 6=METHANE, 

7=ETHANE, 8=ETHYLENE, 9=PROPANE. lO=ISO PENTANE,11=NORMAL PENTANE, 

12=0EUTTERIUM. 13=HELIUM, 14=CARBON OIOXIOE, 15=CARBON MONOXIDE 

ENTER THE NUMBER OF COMPONENTS IN THE MIXTURE 

3 
ENTER COMPONENT NUMBER,ANO MOL FRACTION 
L-.) 
El. .ER COMPONENT NUMBER,ANO MOL FRACTION 
2,.2 
ENTER COMPONENT NUMBER.ANO MOL FR~CTION 
3,. 7 

DENSITY OF TARGET MIXTURE IS 4.088 MOLES/LITER 

THE REQUIRED MASS OF H2 
THE REQUIRED MASS OF N2 
THE REQUIRED MASS OF 02 

IS .41 MC'LES 
IS • 82 t'P. 'LES 
IS 2.86 MOLES 

TEMP Oi- FIRST COMPONENT AT ENO OF ISENTROPIC PATH 
TEMP OF FIRST COMPONENT AFTER HEAT LOSS TO CYLINDER 

355. KELVIN 
304. KELVIN 

INJECT 02 INTO RECIEVING CYLINDER TO A PRESSURE OF 6.99 MPA 
1~·~cT N2 INTO RECIEVING CYLINDER TO A PRESSURE OF 9.12 MPA 
I~.stCT H2 INTO RECIEVING CYLINDER TO A PRESSURE OF 10.33 MPA 
Stop - Program terminated. 
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sl;SOH13:26:51.52 Thu 12-01-1988uA:\)SGCHANG 
THIS PROGRAM ALLOWS THE USER TO CHANGE THE PERFORMANCE OF THE PROGRAM 

"SGFILL" WITHOUT RECOMPILING THE PROGRAM. THIS IS ACCOMPLISHED 
BY CHANGING CERTAIN CONSTANTS WHICH DETERMINE THE AMOUNT OF HEAT 
THAT IS TRANSFERRED FROM THE GAS IN THE RECIEVING CYLINDER 
TO THE WALLS OF THE RECIEVING CYLINDER AS EXPLAINED IN THE 
ACCOMPANYING LETTER • 

PROCEED NOW BY REFERRING TO THE INSTRUCTION SHEET FOR THIS PROGRAM 

THE PROGRAM IS CONFIGURED AS FOLLOlJS 

THE HEAT CAPACITY OF THE RECIEVING BOTTLE IS 953. JOULES 

DO YOU WANT TO CHANGE THIS NUMBER ? SEE INSTRUCTION NO 1 
~rJTf R Y OR N 

THE FINAL DESIRED PRESSURE OF THE RECIEVING CYLINDER IS 

DO YOU WANT TO CHANGE THIS NUMBER ? SEE INSTRUCTION NO 1 
ENTER Y OR N 
N 
THE CAPACITY OF THE RECIEVING CYLINDER IS 1.0 LITERS 

DO YOU WANT TO CHANGE THIS NUMBER ? SEE INSTRUCTION NO 1 
ENTER Y 'JR N 

10.0 MPA 

N 
THE STARTING PRESSURE, TEMPERATURE , CAPACITY AND EQUILIBRIUM CONSTANTS 

OF THE SOURCE BOTTLES ARE: 

COMPONENT PRESSURE TEMPERATURE CAPACITY E CONSTANT 
NUMBER MPA DEG K LITERS 

1 40.00 300.00 100.00 1.10 H2 

1 40.00 300.00 100.00 1.10 N2 
·' 40.00 300.00 100.00 1.10 - 02 
4 40.00 300.00 100.00 1.10 AR 
5 40.00 300.00 100.00 1.10 NF3 
6 40.00 300.00 100.00 1.10 CH4 
7 40.00 300.00 100.00 1.10 C2H4 
8 40.00 300.00 100.00 1.10 C2H6 
9 40.00 300.00 100.00 1.10 C3H8 

10 40.00 300.00 100.00 1.10 IC4 
11 40.00 300.00 100.00 1.10 NC4 
1? 40.00 300.00 100.00 1.10 D2 
13 40.00 300.00 100.00 1 .10 HE 
14 40.00 300.00 100.00 1.10 C02 
15 40.00 300.00 100.00 1.10 co 

DO YOU WANT TO CHANGE ANYTHING IN THE ABOVE TABLE ? 
SEE INSTRUCTION NO 2, ENTER YIN 

y 
YOU HAVE A CHOICE BETWEEN A DIRECT CHANGE lN THE NUMBERS AND A CHANGE BASED 
DATA OBTAINED FROM A PREVIOUS ATTEMPT AT PREPARING A MIXTURE 
SEE INSTRUCTION NO 3 

DO YOU WANT A DIRECT CHANGE ? ENTER Y/~ 



• 
• BY USING DATA FROM THE EXPERIMENTALY DETERMINED COMPOSITIOIN OF A MIXTURE 

PREPARED BY USING THE PROGRAM "SGFILL". SEE INSTRUCTION NO 4 

ENTER THE NUMBER OF CHANGES TO BE MADE 

1 
THE STARTING PRESSURE. TEtlt>ERATURE • CAPACITY ANO EQUILIBRIUM CONSTANTS 

OF THE SOURCE BOTTLES ARE: 

COMPONENT PRESSURE TEMPERATURE CAPACITY E CONSTANT 
NUMBER 

1 
2 
3 
4 
5 
6 
7 

g 

MPA DEG K LITERS 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 
40.00 300.00 100.00 

10 40.00 300.00 100.00 
11 40.00 300.00 100.00 
12 40.00 300.00 100.00 
13 40.00 300.00 100.00 
14 40.00 300.00 100.00 
15 40.00 300.00 100.00 

ENTER FLUID NUMBER. SPECIFIED COMPOSITION. 

1 •• 1 •• 099 

1.10 H2 
1.10 N2 
1.10 02 
1.10 AR 
1.10 NF3 
1.10 CH4 
1.10 C2H4 
1.10 C2H6 
1.10 C3H8 
1.10 IC4 
1.10 NC4 
1.10 D2 
1.10 HE 
1.10 C02 
1.10 co 
AND EXPERIMENTAL COMPOSITION 

00 YOU WANT THE CHANGES <IF ANY> TO BE PERMANANT ? YIN 
y 

) 




