
—

AFRPL-TR-76-92 Aerotherin TR-76-13

AEROTHERM GRAPHITE SURFACE KINETICS COMPUTER PROGRAM (GASKET2)

USER t S MANUAL

Acurex Corporation/Aerotherm Division
485 Clyde Avenue
Mountai n View, California 94042

Authors: 

~: ~~g ~~~~~~

December 1976

IIApp~
o
~

d for public release; distri bution unlimi ted. j

CUPY AYA~~~ T~ flDC [~S ~ T
PE~ IT F~LU L[~~LE ~R~ UCTIO~

Air Force Rocket Propulsion Laboratory
Di rector of Science and Technology
Air Force Systems Coninand
Edwards AFB, Californi a 93523

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~
.—- -

~~
.-

~~~~~~~~~~~~~~~~
-- 

~~~~~~~~



I
NOTICES

When U.S. Government drawings , specifica tions or other data are used for
any purpose other than a definitely related government procurement operation ,

the Government thereby incurs no respons ibility nor any obligation whatsoever ,

and the fact that the Government may have formulated , furnished, or in any

way supplied the said drawings , specif ications or other data, is not to be
• regarded by implication or otherwise, or in any manner licensing the holder

or any other person or corporation , or conveying any rights or permission to

manufac ture , use , or sell any patented invention that may in any way be re-

lated thereto.

FOREWORD

This report was submitted by Acurex Corporation/ Aerotherm Division , 485
Clyde Avenue , Mounta i n V iew, CA 94042 under contract F0461l-74-C-0023,
Job Order No. 305909H1J with the Air Force Rocket Propulsion Laboratory ,
Edwa rds AFB , California 93523,

Contrac t wor k was performed in the perio d 1 May 1974 to 31 July 1976 and was
documen ted in this final report and in a second final report (AFRPL-TR-76-71 ) $

wh i ch i s class i f ied CONFIDENTIAL . In additi on to the final re ports and other
wri tten documentati on , a 2-day seminar was conducted by Aerotherm at its
Mounta in V iew fac i lity to present contract resul ts to the rocke t motor com-
munity in a t imely fash ion. The Aero therm work was mana ged by Mr. Roger J.
Bedard , Mana ger , Propuls i on Systems , and the Air Force Techn i cal Moni tor
was Mr. Wil l i am F. Payne .

This report has been reviewed by the Information Office/DOZ and is releas-
able to the National Technical Information Service (NTIS). At NTIS it will
be availa ble to the general public , including foreign nations , This report
is unclassif ied and suitable for general public release.
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SUMMARY

Recent stud ies at Aerotherm have shown that the accuracy and versatI lity of the GASKET code

can be Improved by some minor code modi fications. These modifi cations were Identified and incorpo-

rated into the GASKET code. The modified code, entitled GASKET2, includes a generalized computa-

tional scheme for combined equllibrium-none quilibrium systems, sublimation kinetics , and an expanded

thermochemistry data bank Including the Duff—Bauer hydrocarbon species. With these modi fi cations ,

GASKET2 predicts higher ablation rates than GASKET at surface temperatures above 5500°R. These rates

reach the asymptotic diffusion controlled value at the high temperature limit. At surface temperatures

below 5500°R, however , both codes predict results with insignificant discrepancies. In addition to

the improved predictions , GASKET2 wil l also accept a lar ger number of surface kinet ica lly con troll ed

reactions than GASKET (limited to three). This will allow reactants other than the three currently

used; namely, H20, CO2 an d H2. -

In addition to the above modifications , GASKET2 was updated to include the surface kinetics

of the following graphitic materials:

• 15% SIC/PG

• ATJ bulk graphite

• G-90 bulk graphite

• Pyrocarb 901 carbon/carbon

• Carbitex 700 carbon/carbon

• C plane pyrolytic graphite (improved kinetics)

Kinetic reaction rates for these materials were obtained from arc plasma generator and rocket motor

data.

This report was prepared in two parts. The fi rst part describes the code modifications and

updates to GASKET. The differences between GASKET and GASKET2 are Illustrated In terms of computa-

tional scheme and surface ablation rate predictions. Also , a brief descri ption of the GASKET2 output

vi 



is Included, so that users can use this code more effectively. The second part of the report con-

tains an updated user’s manual , a partial listing of GASKET2 which shows the locations where FORTRAN

changes were made to GASKET, and three sample problems . Fi nally, it should be noted that this report

serves only as an addendum to the earlier published GASKET reports.
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SECTION 1

CODE MODIFI CATIONS AND UPDATES

The Graphite Surface Kineti cs (GASKET) computer code, developed under USAF Contract

F0461l-69-C-0O81, was designed to calculate graphite surface thermochemical ablation rates as a

result of exposure to propellant gases. The mathematical model , employed by GASKET , accounts for

such thermophysical phenomena as:

• Diffusion of the reactive species from the boundary layer edge to the gaseous region

adjacent to the carbon surface

• Adsorption of the reactive species to an active site on the carbon surface

• Formation of reaction products at the carbon surface

• Desorption of reaction products from the carbon surface

• Di ffusion of reaction products into the boundary layer

Among all possible heterogeneous reactions occurring at the surface, only the following three were

considered to be important at the temperature range and environments of interest:

C~ + H~O ~ H2 + CO

C* + CO2 2CO

2C* + H2 C2H2

Also under the same contract, the surface kinetics of the following materials were correlated:

• A-b plane pyrolytic graphite

• C plane pyrolytic graphite

• Bulk graphite

These correlations were then implemented into GASKET.

GASKET has been used extensively in rocket motor applications. The surface temperature range

for this type of application is normally between 3000°R and 6000°R. For these applications , GAS KET

predicts satisfactory results.
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Recently , the trend of rocket nozzle design has been altered somewhat. Instead of burning
the conventional propellant and fabricating rocket nozzles with pyrolytic graphite , higher enthal py

prope llants and graph itic materials such as carbon/carbon composite and bulk graphite are used. The

introduction of these new elements into the rocket technology necessitated the assessment of the pt’s.

diction ability of GASKET in a temperature range exceeding 6000°R and the correlation of the ablation

kinetics of these graphitic materials. Under USAF Contract F04611-74.C—0023, GASKET was modified
to handle the high temperature calculations , and was updated to contain the surface kinetics of the

graphitic materials that were correlated under the sante contract.

1.1 GENERAL EQUILIBRIUM-NONEQUILIBRIUM COMPUTATIONAL. SCHEME

A~ mentioned previously, the thermochemical ablation of graphite materials as a result of

exposure to propellant gases is assumed to be controlled by the following heterogeneous røactions:

CA + H20 ~~CO + H2

C~ + CO2 ~ 2C0

2C* + H2 C2H2

This kinetic model appears to be a vi able assumption In the temperature range between 3000°R end

6000°R as satisfactory predictions have been obtained. However , as surface temperature exceeds

6OOO~R, other surface activities may become significant , e.g., sublimation . Due to the intrinsic

weakness of the computational scheme used in GASKET , the inclusion of more than threø surface

reactions may encounter difficulties (see Reference 1 for detailed discussion ) . Since more surfsce

reaction s are required to be considered in high temperature predictions, It is necessary that such

an intrinsic weakness be removed by using a more general computational scheme.

- • - 
GASKET was modified to accoertodate more surface reactions. This capability was made possible

by allowing reactants and products to be base as well as nonbase species (see Reference 2). Through

internal bookkeeping, the net generation rate for each base species is calculated without the come

plicatlon of Introduc ing a ficti tious base species (as was done in the previous version of GASKET).

A comparison of the computational procedures for the two versions of GASKET is demonstrated

schematically In Figure 1. A (H , 0) composition edge-gas reaction with a carbon surfa~, was taken

as an illustrative example, As can be seen, a ficti tious base species (In this case , C02) was created

In order to accomnodats the th ree kinetica lly controlled reactions In the previous version of GASKET.

2
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If more kinetically controlled reactions are required -lore fictitious base species should be created

accordingly. In addition , since gas phase species are in equilibrium , an artificial Infinite rate

reaction is requir ed to allow subsystems 1 end 2 to equilibrate .

In contrast. GASKET2 is more versatile. The number of kinetically controlled reactions that

can be input to the progrem Is virtually unlimi ted, while the number of base species remains un-

changed. Furthermore. ~~ input procedure for GASKET2 Is simpler , as can be seen from the updated

Input Instructions .

1.2 SUBLD4AT!O$~ KINETICS

The Knuds en-Lan~ nuir (Re fe rence 3) carbon vaporization kineti cs have been i ncorporated Into

GASKET2. The expression is:

m •~~~ eq ( n — l t o 5)
C~ Cn v~ kr,~7iC

where 15C is the mass flux i n l bm/ft 2-sec for the carbon vapor species C~, a~ Is the dimens ionless
-n

vapori zation coefficient, Cn and are the equilibrium and actual partial pressures of species
eq n

Cn~ 
I is the surface temperature, an d M

~ 
is the molecular weight. The built-in values of d C in

n n
GASKET2 are as follows :

dC .125

a .26 1C2

a~. • .012
3

• .130
4

a • .00096C5

The Incorporation of sublimation kinetics is necessary for high temperature calculations.
It not only predicts the ablation rate due to sublimation , it also drives the predicted ablation

rates to the correct asymptotic ablation value at the high temperature limit.

4
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1.3 THERMOCHEMICAL EQUILIBRIUM DATA

The determination of a thermodynami c state of a chemi cal reacting system requires the input

of thermochemical equilibrium data describing the formation of each species. In a particular tern-

perature and pressure range of interest , some species can be neglected wi thout affecting the accuracy

of the calculation si gnifi cantly. However , it does not guarantee the same accuracy can be maintained

when the range has been surpassed. Therefore , a screening study was initiated to evaluate the built-in

thermochemical equilibrium data in GASKET for high temperature calculations.

The results of the evaluation show that the Duff-Bauer hydrocarbon species , formed favorably

at temperatures above 6000°R but not below , should be included in the built-in data bank. With the

inclusion of the Duff-Bauer hydrocarbon species , GASKET2 predicts higher ablation rates at or above

5500°R. The reason for the increase in the predicted ablation rate is due to a si gnificant increase

in the formation of C3H at temperatures above 55OO~R. Carbon molecules which ablate to the gas phase

through surface reactions are quickly reacted to form C3H. Therefore , a larger carbon sink exists

in the gas phase wi th C3H species than the one without. Furthermore , the existence of C3H species

can alter the reactive species concentration at the carbon surface , and hence the ablation rates.

1.4 COMPARISONS OF GASKET AND GASKET2 PREDICTIONS

A sample problem was run to compare the predictions from GASKET and GASKET2. The selected

problem considers the thermochemical ablation at the exit cone location of the rocket nozzle when

exposed to PEG/FEFO propellant. The surface material was assumed to be bulk graphite . The compar-

ison of the two solutions in terms of B versus T
~ 

is shown in Figure 2. Also shown in this figure

is the surface equilibrium solution which serves as the baseline solution . As can be seen , both

GASKET and GASKET2 solutions predicted B values below the surface equilibrium value at surface tel’-

peratures bel ow 5500°R. This indicates that the surface reactions are kinetically controlled. Also ,

note that both solutions agree with each other wi th less than 10 percent discrepancy. As the surface

temperature exceeds 5500°R , the B predicted by GASKET2 graduall y approaches the surface equilibri um

value, whereas the GASKET B is still markedly below and has no trend of approaching the surface

equilibrium B’ .

From the results of this comparison , the following conclusions can be drawn:

- 
- s Both GASKET and GASKET2 predict similar results at or below 5500 R

e At the upper temperature limit, GASKET2 has the correct asymptotic functional behavior

5
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Propellant: PEG /FEFO
Location : Exit cone , 5 inches downstream of throat

0.8- T0 = 69 12 °R

P0 = lO2 atm
PeUeCN = 0.28137 lbm/ft 2 -sec

0.7 . GASKET prediction
GASKET2 prediction
Surface equilibri um prediction

0.6.

B’ 

i
i!

:: i 

_
0 1000 2000 3000 4000 5000 6000 7000

Temperature , °R

Figure 2. Comparison of GASKET and GASKET2 predictions.
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1.5 DESCRIPTION OF GASKET2 OUTPUT ON TRANSPORT PROPERTIES AND SURFACE KINETICS INFORMATION

There are concerns by the users of whether GASKET2 computes transport properties based on

both gas a~d condensed phase species , or on gas phase species alone. It is the purpose of this sec-
tion to clari fy that these properties are computed based on gas phase species only. The reason for ne—

glecting condensed species is due to the crinon belief within the rocket community that condensed

species have a small influence on boundery layer events .* For those users who also use ACE

(Aerotherm Chemical Equilibrium code) ~ perform their inv iscid flow field calculations, it should

be noted that those transport properties are calculated including both gas and condensed phase

species. Therefore, the user should evaluate the implications if those transport properties are

being used. -

For those users who are interested in obtaining information on how each individual heteroge-

neous reaction contri butes to the total ablation rate, this information is also contained in the

GASKET2 output. As an illustration , part of the GASKET2 output was extracted and presented in

Figure s 3 and 4. Figure 3 shows the printout of the built—in or input surface kinetic constants

for each surface reaction. Note that the preexponential factor is normalized by the mass transfer

coefficient 
~ eUeCM~ 

Shown at the bottom of Figure 4 for each surface reaction are the ablation

rate and the ratio of the forward rate and the backward rate indicating how close the reaction is

to being in equilibrium. By summing the net rates of all the surface reactions according to the

following equation, the sum should be equal to B .

B’ = MW
~* ~~

v
~*i 

[Net Rate]1

N is the total number of surface reactions , and Vc*i is the stoichmetri c coefficient of carbon

for reaction i which can be obtained from the printout for surface kineti cs information

(see Figure 3).

*This is probably a valid assumption for regions near the nozzle throat; however, the nosecap and
exit cone regions must be evaluated more carefully.

7
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SECTION 2

INPUT INSTRUCTION MANUAL

• 2. 1 GASKET2 INPUT

This section defines the format and significance of each field of the input data card deck

for the modified Aerotherm Graphite Surface Kinetics (GASKET2) program. In the most general case ,

the input consists of eight card sets. These are :
— 

1. CONTROL CARD

2. FROZEN-EDGE TEMPERATURE ARRAY

3. SURFACE TEMPERAT URE ARRAY

4. ELEMENTA L COMPOSITION

5. DIFFUSION FACTOR DATA

6. SPECIES THERMOCHEMICAL EQUiLIBRiUM DATA

7. OBLIQUE OR NORMAL SHOCK DATA

8. REACTION RATE DATA

Card Set 1 is a control card which contains a 10—element array , KRK( I ) .  This array controls

most of the program options and tells the program what to expect from the remaining card sets . Few

problems require all card sets since , in n~st cases , the user wi l l  w is h to ut i l ize the data built

into the GASKET program to replace card sets 2, 3, 5, 6, and 8. The card sets are described in detail

in this section.

CARD SET 1 — CONTROL CARD (2 Cards )

CARO l

FIELD 1 (Columns 1—10, Format 1011) the vari able array KR K( 1O) which is used to con-
• 

tro l the various program options.

11
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COLUMN 1 -- EDGE THERMODYNAMIC STATE

O Input
Static state behind shock , upstream conditions input
(card set 7)

2 Same as 1 
* except stagnation state behind shock

3 Isentropic expansion from input chamber condi t ions
• 4 Static state behind shock , upstream conditions calculated

via isentropic expansion from input chamber conditions
(card set 7)

5 Same as 4 , except stagnation state behind shock

COLUMN 2 — — STATE OPTION (pertains to Z , cols. 11-20 of this card)

O Assigned temperature
2 Assigned enthalpy
3 Assigned entropy

COLUMN 3 -- SPECIE S THER MOCHEMI CAL DATA

0 9 Use built- in thermochemistry data
0 Use built -in diffusion factjr data

12 Read from cards new thermochemistry data , and if provided ,
diffusion factor data

2 Pri nt out thermochemistry data for allowable species
9 ‘Jr date ~i~~~uslr’n factor data

CO LUMN 4 -- CA RBON SURF A CE SPECIFI C A T ION

Layer—oriented PG
2 Edge-orien ted PG
3 General Bulk Graphite

4 G-9O Bulk Graphite
5 ATJ Bulk Graphite
6 Carbitex 700 Carbon/Carbon
7 PC-90l Carbon/Ca rbon
8 SiC/PG

COLUMN 5 -— FROZEN — EDGE TEMPERATURE ARRA Y

O Bypass th is calculation
Use bui l t—in temperature array

2 Read the temperature array from cards (card set 2)

COLUMN 6 -- SURFACE TEMPERATURE ARRAY

O Bypass this calculat ion
Use built-in temperature array

2 Read the temperature array from cards (card set 3)

NOTE: When KRK (6) > 1 , GASKET2 automatically provides two
equilibrium surface calculations , for 5OO~K and 1000°K ,-

• w ith the restriction of zero ablation; this is done
in order to provide tables for CMA and/or ASTHMA
which facilitate smooth interpolati on.

COLUMN 7 —- KINETIC CONSTANTS

O Use built — in Arrhenius/Langmuir model
1 3 Read from cards the pre-exponentia l factor , B~ (lb mole

reaction / f t 7 sec) , act ivat ion energy , Em (cal /gm mole), and
temperature exponent , 

~m for both reaction and sublimation
kinetics

23 Read from cards the partial pressure mult ipiicative factors ,
and F

j m (atm~~) for reaction kinetics only

12
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COLUMN 8 -- EDGE GAS ELEMENTAL COMPOSITION

1 e.g. does not contain H or 0 (Kinetlcally inert surface)
2 e.g. does not contain H (reaction 2. only)

3 e.g. does not contain 0 (reaction 3. only)
4 e.g. contains both H and 0 (reactions 1., 2., and 3.)

COLUMN 9 -- PUNCHED CARD OUTPUT
O No punched card output
1 3 Punch a card appropriate to CMA input for each convergent

frozen edge or surface solution
23 Punch a card appropriate to ASTHMA input for each convergent

frozen edge or surface solution

COL UMN 10 -- DIA GNOSTI C OUTP UT CONTROL

O No di agnostic output
Output a single line of diagnostic information per iteration
(Where j  is a digit greater than one) output full diagnostic
information for 5(j-l) iterations and output a single line
of diagnostic information for subsequent iterations.

FIELD 2 (Columns 11—20 , Forma t FlO.5) Thermodynami c State Variable , 1

1) a) If KRK(2) = 0, Z is assi gned to temperature , °K
b) If XRK(2) = 2, Z is assi gned to enthalpy , cal/gm

• c) If KRK(2) = 3, Z is assigned to entropy , cal/gm °K

2) a) If KRK(l) = 0, Z pertains to the edge state
b) If KRK(l) = 1 or 2, Z pertains to the thermodynamic state upstream of a

shock wave
c) If KRK(l) > 3, Z pertains to the chamber thermodynamic state

i) If PC = 0, Z pertains to the actual chamber state
ii) If PC ~ 0, Z pertains to the ideal chamber state (see PC,Cols. 41-50 of this card)

FIELD 3 (Columns 21—30 , Format FlO .5) Pressure , PR atm

I) If KRK(1) = 0, PR pertains to the edge thermodynamic state
2) If KRK(l) ~ 0, PR pertains to the actual chamber thermodynami c state

or to the thermodynami c state upstream of a shock wave

FIELD 4 (Columns 31-40 , Format n o.5) Edge or Shock Upstream Thermodynamic State , ZE

1) If KRK (1) < 2, this field is i gnored

2) a) I f ZE > 0, it is assigned as the pressure , atm , at either the edge
(KRK (1) — 3), or the upstream side of a shock wave (KRK(1) = 4 or 5)

b) I f ZE < 0, it is assigned as the Mach number at either the edge
(KRK (1) = 3) or the upstream side of a shock wave (KRK(l) = 4 or 5)

FIELD 5 (Columns 41-50 , Format F1O.5) Ideal Chamber Pressure , PC atm

FIELD 6 (Columns 51—60 , Format F1O.5) Mass Transfer Coefficient , ROUCM lbm/ft 2 sec

FIELD 7 (Columns 61—70 , Format n o .5) Diffusion Coefficient Exponent for Unequal
Di ffusion Coefficient Model , GAMER

1) if GAMER = 0.0, it is automatically set to 2/3 (this va l ue is appropriate
for most calculations)

2) If GAMER lO s , the diffusion model reduces to equal diffusion coefficients

FIELD 8 (Columns 71-80 , Format 2A4,44) Job Title , TILE (3)

CARD 2 If KRK(4) ~ 8, skip this card

FIELD 1 (Columns 1-10 , Format F1O.0) Mass fraction of SIC in SIC/PG

13
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CARD SET 2 — FROZEN-EDGE TEMPERATURE ARRAY TFA(I) (number of cards = no. of temperatures + 1)

1) If KRK(5) = 0 or 1 , skip this card set

2) If KRK(5) = 2, read in an array of no more than eight temperatures, TFA( I)  ‘K

CARD(S) 1 ,2,... (Columns 1-10 , Format F10.5) one temperature per card

FINA L CARD blank

NOTE: The TFA( I) array built into GASKET2 contains temperatures from
500 to 40001< in 5001< increments

CARD SET 3—SURFACE TEMPERATURE ARRAY TSA(I) (number of cards = no. of temperatures + 1)

I )  IF KRK( 6) = 0 or 1 , skip this card set

2) If KRK(6) = 2, read in an array of no more than fifteen temperatures , TSA(1) K

CARD(S) 1 ,2.... (Columns 1-10, Format FlO .5) one temperature per card

FINAL CARD blank

NOTE: The TSA(I) array built into GASKET2 contains temperatures froc
1200 to 4OOO~K in 20001< increments. Also , whenever ~R~yf- ) -

-two surface equilibrium , zero—ablation calculations er,’ per-
formed for surface temperatures of 500 and 1 0001<.

CARD SET 4 -— ELEMENTAL COMPOSITION (number of cards = no. of elements +1)

CARD 1 (Columns 1-3 , Format 13) the number of elements In the ~y~ ter

CARD 2,3,4 . . . (one card for each element)

FIELD 1 (Columns 1—3 , Forma t 13) the atomic , number of the element

FIELD 2 (Columns 4-15 , Format 3A4) the name of the element (for output identification
only)

FIELD 3 (Columns 16—25 , Format FlO .5) the atomic weight of the element

FIELD 4 (Columns 26-35, Format Fl0.5) the relative amount of the element in the edge
gas (this is the same as the relative amount of the element in the chamber or
at the upstream side of a shock wave , since elements are conserved)

1) Positive values are in relative gram-atomic-weights (or moles )

2) Negative values are in relative masses

FIELD 5 (Columns 46—55 , Format Fl0.5) the relative amount of the element in the surface
material (the present version of GASKET2 allows the surface to be comprised of
carbon only; hence, the quantity 1.0 must be entered in this field for the
element carbon)

CARD SET 5 — DIFFUSION FACTOR DATA (number of cards = 1/4 x (7 + no. of data items , e.g., diffusion
fac tors , reference molecular weight , diffusion exponent)

1) If KRK(3) = 0. this card set must be skipped

2) If KRK(3) = 1,2,3, or 4, this card set may be skipped

3) If KRK(3) = 9, this card set must not be skipped

14 • -
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CARD 1 (Columns 1—3 , Format 13) the total number of data items (e.g., diffusion factors ,
reference molecular weight , diffusion exponent) to be entered

Diffusion factors may be specified for any or all species individuall y and/or
di ffusion factors may be calculated via

FFA
Di ffusion Factor — ( ~io1ec.Wt.)

where REFM and FFA may be specified here . For species for which diffusion factors
are not specified individually, diffusion factors will be calculated via the above
correlation , and if REFM and FFA are not specified , di ffusion factors will be calcu-
lated from the above with REFM 23.4 and FFA = 0.431.

CARD( S ) 2,3,.

FIELDS 1 ,3,5,7 (Columns 1—8, 21—28, 41—48 , 61—68 , each Forma t 2A4)

The ‘name” of the species for which data is to be provided , exactl y
as it appears in columns 73—80 of the fi rst card of the 3 thermo-
chemical data cards (card set 6) for that species . To specify values
of REFM or FFA in the next field , enter the alpha characters “REFM”
or “FFA ” respectively here.

FIELDS 2,4,6,8 (Columns 9-20, 29—40, 49—60, 69—80, each Format El2.4)

1) If the name of a chemical species was entered in the preceding
fiel d , this number is presumed to be a dif fusion factor.

2) If the name REFM or FFA was entered in the preceding field , enter the
desired values of REFM or FFA respectively in this field.

The diffusion factors introduced into the solution in this manner replace either the
va~ues set automatically (see card 1 above) if the species thermochemi cal data are read
from cards or tape, or the values built into the GASKET2 program (see Volume II).

NOTE: If KRK(3) = 9 and KRK(l) = 1 ,2,4 or 5, this card set must follow the OBLIQUE OR
NORMAL SHO CK DATA ca rd set; if KRK ( 3) = 1 ,2,3, or 4 this card set , if used ,
precedes the SPECIES THERMOCHEMICAL EQUILIB RIUM DATA card set.

CARD SET 6 — SPECIES THERMOCHEMICAL EQUILIBRIUM DATA (number of cards 1 + 3 x no. of species)

1) If KRK(3) = 0 or 9, skip this card set

2) If KRK(3) = 1 ,2,3, or 4, read in this card set; there are three of these cards for each
molecular , atomic , or condensed species ; the end of this card
set is signaled by a blank card

CARDS 1 ,4,7 . . . Describe the elemental composition of the species and establish its
name desi gnation

FIELD S 1 ,3,5,. . ., 13 (one for each element in the species)
(Columns 1—3 , 7—9, 13— 15 ,. . . , 37—39 , each format F3.0)

The number of atoms (of atomic number given in the following
field) in a molecule of this species

(If field 1 is zero, this card is presumed to represent the
end of card set 6)

15
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FIELDS 2,4,6,. . ., 14. (one for each element in the species)
(Columns 4-6, 10-12 , 16-18 ,. . ., 40—42, each format 13)

The atomic numbers of the elements in the molecule (the number
of atoms of which was given in the previous field)

(If field 2 is zero, this card is presumed to be the fi rst
card of card set 5)

FIELD 15 (Columns 42-72, Format 7A4A2) the source and date of the thermochemical data
• for this specie. Used for output only

FIELD 16 (Col umns 73—80, Format 2A4) the name designation of this species (e.g., AL203).
This variable is used for output and as a means of identi fying data entered in
card set 5

CARDS 2,5,8. . . Lower temperature range thermochemical data

F IELDS 1 ,2,3,4,5 and 6 (Columns 1—54 , Format 6E9.6) Input the 5 constants (Fl ,F2,
F3 ,F4,F5,F6) appropriate to the lower temperature range of
the thermodynami c data for this species . These constants are
defi ned as follow s, where T is in °K:

Fl = the heat of formation of the species at 298°K from the
JANNAF base state (elements in most natural form at 298°K)
in cal/mole

F2 = the enthal py change of the species from 298°K to 3000°K
in cal/mole

F3,F4 and F5 are defined by a curve fit to the heat capacity
at constant pressure of the form :

= F3 + F4 T + q ~ cal/mole °K
T

F6 = the entropy of the species at 3000°K in cal/mole °K

FIELD 7 (Columns 61-66 , Format F6.0) the upper limit of the l ower temperature range
in °K -

•

FIELD 8 (Column 67, Format 11) the phase specification :

1 signifies gaseous species
2 signifies solid species
3 signifies li quid species

The onl y phase comb i nation allowed in one three card set is solid — liquid in which
case a 2 and 3 wouT~ appear in fields 8 of cards 2 and 3 , respectively.

CARDS 3,6,9. . . Upper t~imperature range thermochemical data

These cards are the same as cards :,s, except use constants for the
upper temperature range and field 7 is ignored

LAST CARD OF CARD SET 6 MUST BE BLANK

The end of the species thermoc hemical data is si gnified by a blank card. Hence , the last
card of card set 6 must be a blank card.

NOTE: If this data is read in on cards , the atomic number of C* must be 106, rather than
than the actual value of 6. Finally, all condensed phase species (except C*) must
follow the gas phase species .
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CARD SET 7 — OBLIQUE OR NORMAL SHOCK DATA (1 card )

1) If KRK(l) = 0 or 3, skip this card set

2) If KRK(l) = 1 ,2,4, or 5, this card set must be read in

FIELD 1 (Column 1 , Format Ii) Input the variable KVH which determines how the velocity
ahead of the shock , the static enthalpy ahead of the shock , and the total

• enthalpy are calculated (since total enthal py = static enthalpy + 1/2 veloc ity )

If KVH = 1 , velocity is calculated from specified total and static enthalpy

If KVH = 2, total erithalpy is calculated from specified static enthalpy and
velocity

If KVH = 3, static enthalpy is calculated from specified total enthalpy and
velocity

FIELD 2 (Column s 2-10 , Format F9.4) The velocity variab le , UR (this field is ignored
if KVH = 1)

If UR ~ -9999, then UR is assigned to SVL , the velocity upstream of the shock
in ft/sec

If UR = —9999 , the veloci ty calculated in the prior solution is assi gned to SVL

FIELD 3 (Col umns 11-20 , Format FlO.4) The total enthalpy variable , HIP (this field is
i gnored if KVH = 2)

If HIP ~ 0, then HTR is assi gned to HCH , the total enthalpy of the system in
BIU/lbm

If HTR = 0, HCH is unchanged

FIELD 4 (Columns 21—30 , Format F1O.4) the static enthalpy variable , HSR (This field
is ignored if KVH 3)

If HSR ~ —9999 , then .HSR is assigned to SH1 , the static enthalpy upstream of
the shock in BIU/lbni

If HSR = -9999., the static enthalpy calculated in the prior solution is
assigned to SH1

FIELD 5 (Columns 41—50 . Format FlO .4) the shock angle (0.0 for a normal shock) in
deg rees

CARD SET 8 — REACTION RATE DATA (number of cards = 3 x M~ — 1 0 at maximum)

1) If KRK(7) = 0, skip this card set

• 2) If KRK(7) = 1 or 3, the first subset of this card set must be read in

3) If KRK(7) = 2 or 3, the second subset of this card set must be read in

Fi rst Subset: MT cards

CARDS 1 ,2 MI

FIELD 1 (Col umns 1— 10 , Format E1O.4), FKF(M) the preexponential factor for the Mth
reaction , lb mole/ft2sec atm

FIELD 2 (Columns 11-20 , Format ElO.4), EA K(M), the activation energy for the Mth
forward reaction , cal/gm mole

FIELD 3 (Columns 21—30 , Forma t E1O .4), EXK (M), the temperature exponent for the
Mth reaction

• 
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Second Subset: 2 x MT -10 cards

CARDS MT+ 1 , MT + 3, MT + 5;. . . 3 xM l -13 , 3 xM l — 11 ;

FIELDS 1—6 (Columns 1-10 x 6, Format 8F1O.6, inhibiting specie partial pressure
coeff icient , PSI (J ,M), J = 1 , 6 atm ’

CARDS MT+2, M T+4; M T+6 , 7, . . . 3 x M T - l 2 , 3 x M T -lO

FIELDS 1-6 (Columns 1-10 x 6, Format 8FlO.6 , inhibiting specie partial pressure
coefficient FKK (J ,M), J 1, 6, atm ’~

NOTE : MT = no. of reactions

1) IF KR~((8) = 1 , MT = 0, kinetics ignored

2) If KRK(8) = 2, MT = 1 + 5 sublimation kinetics reactions

M =  1 C* +CO 2~~~2CO

J = l  CO2
J = 2  CO

3) If KRK(8) = 3, MI = 1 + 5 sublimation kinetics reactions

M =  1 2C* +H 2 C2H2
J = l  112

4) If KRK(8) = 4, MI = 3 + 5 sublimation kinetics reactions

M =  I C * + H 2O C O + H 2
M = 2  C* +CO 2~~ 2C0

M =  3 2C*+H 2 C2H2
J = l H20

J = 2  CO2
J = 3  CO

J = 4  H2
3 = 5  CLH

J = 6  FH

TO TERMINATE A JOB KRK(l) = 8 on final card

MULTIPLE JOBS

1) Several jobs may be loaded back to back , wi th a contro l card signifying the start of
each new job:

CONTROL CARD #1

ELEMENTAL COMPOSITION Ill

additional data as required for job #1

18



CONTROL CARD #2

ELEMENTAL COMPOSITION #2

additional data as required for job #2

KRK( l ) = 8

2) If jobs following the first job have the same elemental composition as the first job ,
Card Set #4 (ELEMENTAL COMPOSITION) may be replaced by a single blank card for al l jobs
after the first:

CONTROL CARD #1

ELEMENTAL COMPOSITION #1

additional data as required for job #1

CONTROL CARD #2

blank card

additiona l data as required for job #2

KRK(l) = 8

~s j
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2.2 NEW FORTRAN VA RIABLE NAMES USED IN GASKET 2

- This section describes the names and definitions of the newly introduced FORTRAN variables

- resulting from the computer code modifi cation. Since this is an addendum to Reference 1, similar

format and abbreviat ions are adopted here.

L 
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2.3 LISTING OF THE MODIFIED SUBROUTINES

The listi ng of the following subroutines are given in this section :

• IMELM

• INP UT

• KINET

• OUTPUT

• THERM

• K I N I N

• ZIPIN

• AFMAT

• ALPST

• BELCH

• CRECT

• GASKET

• MAT 1

• MAT 2

• MAT 3

• PROPS

• SCALE

The modifications made to the subroutines are shown in the right hand side column. The notation

- • ~~~~ means that n lines of FORTRAN statements have been deleted preceeding the line where “**..n°

appeared. ‘ *COR ’ indicates the loca t ion  where new FORT RA N statements are inserted.
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C C ’  C’S 4-
4-04-3(51 ‘.145 3-. 3-44) - . I C I C f I 4 - 4 1— — —  -

.14 -C 0174 - +3. .1. ‘S 4- . 4 1* 4 . 1 ) 4- 1 4”  Cl 3 - 0 1 C C  I 4’,
44- .CI ,s, 01 * IC 1* CCI 01 .5 01 1* IC 47 ‘4 ‘5. ~~~~~~- 7 1 ” ” ””  4- C’
5 - 4 5  5 +  3 3 ,  ( ( 1 +  “.41 4- 4 1 . - I C l*  . 3 3 4-  CC “ 7 1 1  51 1 , 4 5 1 , 0 ,.’ 1’, I
Al IS ,CC CI I’) 4 * 1 4 0  0 . 5 1 3- 1* 1 . 1 4 1’ S  53 45 C X  1 CC f’ ,

,,
C., CI ,,’

•IIs S41. IC 4 * 4 * 1 *  1-’ 3, 4-.5~~~ 4 - — 3- C l 4 ) 4- ’) I7 / 4-~~~ * 5 ”  4-C *4. CI~~~ 11, 4 4 1 ,  4’
4)i 4- 1 *  C I,~ 1* ‘ C I  0 1 . 4 - U I -  C 1*C6 ) C51 L’ C41 I’.l I!. I- (41 141 ’ I l I~~~~~ I C
4)004- 4.453’S 4- 5.. 4-05 +5 ..,,Is.C 7153... I I,, 5” 5.’ S41 C P’ C’ U. 41’ ”1. .- 3 - . ”. I •‘ “ I s . + I I  *0 14 5  ““ ( *4 -  54 ) s- ” * *  I 3 C I 3 Z . .‘ C’ I’

0 0 0 5 4 ) 4 1 - 4 2 0 0 C 4 7 1 4 142 l-s4)4.~~~~ 5— 4) , C I I C~~~~~~~ — ~~~5,4)~~~ 47~~~ 4745*. ” C 4 - C C C  “ 5 3 1 7 -4- Ct ”
05(1-3-5’- 0 5 5- 3 - 4 - 4 1 4 - 5 1 4 7 4-  “ I S 5 1 I- 14 — 7 / 4 7 —~~~~P. C I I 3.’, 47 ._ IC 4- • X 3 . 5 6 ., J I C 0—~~~~ d 5

— — I C  5 4 - 0’  (14 ‘S Ill 1 4 1 4  1 0 1 1 4 1  01 *-. 41’ 014 ,  — S — .1 3- (1.7 — —  — It s — ’ s~~r 35, ,-” IC’ U 5. 4-
4- 1 * 1 * 1 * 1  I 1*1*7/ • 4 - 4 -  — - . 3 , , .~ 4 - 1 * Z 4 - 4 - 4 - 4 - 4 - , , 3  4 - 5 . 1 4 — 4-C C  Cl 4- 7 4 .’ 3 , 4 4  —

4- _ _ 4 . C_ I , . _ 1 7 _ 4 - 3 -  ‘ C
4- 1I 4 5 5 - 4 1 I 5 4.. Il 5- I1 5 — S 141* ,,4— — 5 l — 4 - — 4 4 4 — 4 1 4 I _., * - ’ — C I IC — I—s 4 - 3 . s —l’ p — I C X I I * II I,
— 5* 41.. II, 41. 41 4. 5.- 4* 14, 41. — .1 11, SI 3’ ( 5 1 7  C4, I C
I I 4* 7 1 4*~~~~~O Z 5 . 4* 4 * 5 3 OL C 4*~~~~~3,~~~~ U. , . L* 7 1 4’~~~~~ 3 4 * 4 * 4 * 4 7 , 4 1 ,, , j 4* 4 - 3 , . 4* 4 - ,” I - U 4 - 7 1  In C’ X . 3 4- 0 0 7 1. 15 14, 56, 1-
4 - I- l.s 4 . , 4* U 7 4 I C I’ . 0 7 /0 W I C U C Z I I C I ’ •  C 5 3 7 / C 1 0 1 . S U I - U OC C C C 3 , I’ . 7 1 U ” s . . * C I C S C 3 , L s  4 1 4 - 1 - 5 3 4-

054)  0 4) 0 4’, 3- 4) 4- 41 3- I’) C II) 4- 4’) 3- 4) 4 - 4 1  0441  C (5 3- .0 3- .~ C, .4’) 0 ICC C
0 5 4) 4- C D  51 5 1 4 - 4 -  4- 4 - C 3 -  0s- I~~ 4 4 5  (14 51-) 4’35I’054) 4- 4- 4 - 5 1 4  41’ 0’” 3- 3- s.s

IC .4 ..s 541 *15. 0 4 5 0 1 0 1 0 1  (‘4 (51 0 1 4 5 0 1 0 1 0 1  Cl. 0 1 0 1 0 1 ( 5 4  (51 01114 4) 14 14

010 5 3- 0 5 4- 5 1 4- 0 5 0 . I1 5 1 4 ) 3- 0 5 4- 5 1 4- U ’  0.4 014 1 ) 3- 4 ) 4- 5 1 4- 0 5 0 1 4 4 5 I C* ’I f l4 - 5 1 4 - 0’ 3 - . - C 5 i5C’C 3 5 4 C 1 & 5 1 4-  I1’3-.4- 1 5 1 1 4 3 - 4 1 4 - 4 1 ”  o~.1115 45 l• 4510101 (51 014’, (51 0 1 0 1 0 1 1 2 . 4 ) 4 ) 4 ) 4- 4 )  41) 554- 4 ) 4  3 - 4 -  3- * 3 -  33  4’ 3- 3 4212 54’ CC 541 11.4)42 Cl’ 54)7/ 7/ 4- 7 4 7 41 4-CL 74 7/
.4,4.4-a.’ — * IC C 4 ’W  ~~~~~~~~ .41 11’ IS 541 111’ .5 4.. 1111. 01 0’ .104.1.5 .’ ~~~~~~rI 14- 5.. 115 .41 541 ., • $ I S  541 141 5 Il 11 4 . 1 1 1~~*5 ~II C l’
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SE CTION 3

SAMPLE PROBLEM S

Presented in  this section are three sample problems which were run on a Univac 1108 digItal

c~~nputer. An attempt was made to utilize almost all of the options available in the GASKET2 program.

For each sample problem I the following is presented:

• A brief descripti on of the nature of the problem and solution

• A listing of the input data deck

• A few typical pages of the program output
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Sample Problem 1

In thIs problem , ablation rates at the throat of a rocket nozzle are calculated. The pro-

pellant gases are comprised of seven elements, including both hydrogen and oxygen. The surface

material option of ATJ bulk graphite Is used. The program options which utilize built-In physical

data are selected; hence, only 10 cards of input data are required for the complete sequence of

calculations. The ideal chamber conditions (propellant flame temperature of 3764°K, ideal pressure

of 68.02 atm ) are Input. After redefining the elemental set to include the ficti ti ous element

‘1GRAPHITE ,1 subsequent calculations performed by the program include determination of the actual.

chamber state (54542 atm) and an Isentropi c expansion to the throat (unity Mach no.). The frozen

edge state is computed for the built-in array of eight temperatures, and the surface ablation rate

is computed for the built-in array of fifteen surface temperatures.
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Listing of Input

1 1 3UUc l l t I I’ uO ‘7h . — 1.(~ ‘.f: .fl2 fI .~~69 0.
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5 (4 “
~ ~.Y I  I IUH ~! , r 1 ?

• t. CA~~I ” ~’: i’,, ~)I1 O, ’’’~ 1 f l
7 ‘ . C L T ~~’ C ’C~ ,F ’ 4.~ 1C4 ~~~..’’7 f l j  % C .
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Sample Problem 1 Output

6I~A I’Il ’iTL s I C k I - f l r~ .~t~. c r x c ~ r,;c~~LT ~~~~~~~~~~~ ~
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Sample Problem 1 Output (Continued)

•4-APNI T ( SUP5’4C( PIPIET ICS 4 0 6 3 4 - F Y I  SOLUTIOII 0404. 1

OCNIV8010C 060PCITY OUt PUT
CP.F800(N CP— CQI CII. 0LS50~~C)~~NT 11I,SCP,bI,,.P 0*055*

.149564.00 .12500,01 ‘.5 7602.00 .3323q. Q t  .5 134 9 . 5 1 )

080PfRYY 4-OICTTI,C OUTPUT )‘S L0•M4S%.F7.S(C.PTU.0N4’ LCES.
1(4-P 015C COPS 0564- PP SC

.67750.0. .6)6 19.06 .7~ l06.Q11 .23255.03 .3)1 . l , ) ICCO .721427.00
4-UI 4-52 POL.I,T 11511, CPTSI. ASIC ,,.

.77603.00 .20*64.02 .251599*C)2 .512502.01. .06990,40 ,230’ISI.USC

C1,(IIINTAI. 55 ASIC 0 4- ASS F55SC C TTONS BY ITOISIC IOC 4 -05 I . . . . lG,CIr, • .64 7)
1 11 6 7 5’ 9 ) 7  101.

.3333S~ 0I 1120 09*00 .)1353,On .iI5, C4., f ln .305116.00 .16CI3,,03 .111172.00 .4 0 5 0 5 ’

.49675.01 .69032.03 .13622*00 ~ i03 .15•QCC .230111,0CC .17903 .00 .1111.5.0.00 .00000

4- SO LUT00 44 10” (3
ITC#ATIOP4S 32 TIrE • 9 .28 7 SIC.

CL OSCO SY S T E M  £000L) IORI C C’ I  “LUTISIC 007 1-UT

4-04 -S CONOIPO(0,ISB51 S 60% • .212 15400
TC S5.P • 67 7 5 .2 0 0 0  0(0 4 . 371.I..0000 0(0 ‘1. P4 -LO S • 655 .0 2 0 0 0  A T’ .

GAS CT51F~E1’ 5.(3 C O N O S S IY r
(1170.5,0, . PTCJ ~ LPU .2*9351143 — .54P 601I1551 ..507351 53
CNT PO PY - PT II/L5’M SEA 51 .2 .1060341 .)3 I~4-.’Ci .?1’03I~.fl 1
DCS4SITT . 1,PP.’F73 .254035i , UT .SSIP9.S0
OC LECULAR 0(15*7 23 . 109* 25 .0 120 23 .5996

CHEMIC aL 55470 14-411,1 (‘I. A •O L5CU LLS / T O T A L  C’,O5 P’C*S( “C’LEC’ ’ C L(S I  

SPECIES POLE 18. SPECIE’ , ‘aLt Ill . $P(CILs 4-Ct,’ 15’. sprc , rs M41L( F0 . SP(CIES 55515’
COO .24601—0? 02 .31S7**~~n .~7C) .32153.fl l C’ .0500 0  CLII .39960 .0 2(II .24477.55 BE .37*1,0.02 CCL I. ,P5fl9.~ 7 CC .25*59,00 C182 101606.07
C .121.42.06 C2 .41.fl 1.CI.1Q CI .211*9 .52 C I  .P..5’415 .54 C5 .92551—21
C290 .7*619.09 ‘.ECL .37)555.02 .11110 .3 4 2 1 P .f l l  911,17 .07905.02 .t1 .1.310.3.01
51(02 .4 -0430.01 15(415 .66079.37 Cr11 2 .591I 95’ ICC 3 4(1.205 .31.214.02 lEO . 25 30 .8— 03
A E2CL 51 .3561.51— 07 8(2115 .27092.03 C I(3 C ? .24?99.n3 ‘1(406 .036 53.0’. PESO’ .31006.03
8(606 .20123.06 CC L .367511—00 (CLOT ,54-~ 4I~~751 CCL FS • 79560.57 CCL2I’ .26 220.0~CCL3F .4301-0.17 CCL” 11254 0— 1 7  CC •2Il.3I~~n7 CFCC .11*796.04 C OO .120 10.09
C070 .62082.09 C O O  .70361.1* C CC.  .511)32.57 1” •15495.04 CIICI. F2 .96T’1.16
CIIICL2F .06493.16 CC C I  3 . ‘ .7 O 7 7 . 5~ (.1( 0 .? 9 5 7 3 I CC 7  ClIPS .40039 .0’ .  (1.51 .51 2 5.01.
CHIlO .955*9.06 CSC C’ .451 ,71.56 CA?  . 5 7 9 4 1 — 4 7  ~ C?L 1r .28 644.11  C,.5rL2 .37’S’3.1l
CP202 .10232—il  COOn .2740 1.35 (51 3 ,ICII 3SII.96 C* 3 C 1  . 15070 . 04 -  CII 3F .23197.09
CII’S .517096.07 Cr4 .2113*3.~~5 (2( 2 .141’79.15 C2011 .21.366.22 (211 6 .23 1.20.10
COH*O .19663.16 C202 .24011 0.79 C II? .~~i 0 0 3 . I U  CIII,2 • 751566.17 CL .5*692.02
CLF .460951. 07 CLOC C 3 .65524.2., C L ’ O  .97 1.12.1-1 CLIII .17413.05 (15.11 .34005.57
C LI  .152611.05 C 102 .01,297.7 5  11/5 .05750. 11  .1)1 13.00 Cl,4 .1311,3.07
F~I .64111.0’ 1540 .10759.04 00 .3 1 5 5 1 — n A  02 5  .5,C961—15 (35, .2115*5’19
41 .69679.01 1454 .1.0971.04 110 .381111 .72 CC?)’ .29546.06 ‘202 .537 3 — 0 7
11314 .142)6.04 11111? . ‘ . 5 )9’ .31  .2 7 9 0 2 . 0 5 1  ‘40 .31.066.02 ICC? . 9 6 1 f l 6 — O P
5120 .54770.07 54203 . 1 0 3 3 C C — I ’ ,  ‘74C, .20330.2 1 921 5 .1763 3.20 1, .641.51.03
03 .22010.13 CC L2F2 .721.19 *17 CC L4 .0 (7 5 7 .7 3  COO .111006.36  C214 .60607.30
(5402 .1 .1756.14  CL5402 .1.1139.19 1?’ - .62072.53 FI.03 .19897.20 ‘.1.0 .P4033.068(14 .1711.5.01. (15402 .503 39.00 CC ’ C03 .10543.13 9120 .10 602 .02  F’ l51 2 .16’ .’8.32
5102 .1206 1.0 1, 1.03 .117547.34 C O I C .  .04379.53 ((12 .82626 .10 ((19 .16l’l.33(2142 .1129112.17 0252 .20CI414.7l  5102 (20 . 37 5 0 3 . 1 (  C’,? .5*1.52.09 C 70 .21151.6.07
CL FS .1171,1.36 450  653 o 5 . 5 .  (02 .211109.33 (2.1 .125711.57 COIl .95 277.0 1.
C2CLII .128611.00 C2 C L6 .2P333.9 o COIl .1 .71111.11 C 2 C L 2  .175 62.13 CO C .C C L .19171.09
CHCL .607 1.6.0* CIII .53400.54 C2039 .174.97. 19 (35,0 .151109.2’. (5 .319*5.50
CL2 .307o1,.09 1,2 .100.23,50 02 .191.92.311 CIIO .115111.06 545 •9STnS .49
C24I 3 .71395.53 C2IIO. .5450 6.)’. CS’ .54)907.05 CSC’2 .51.0011_ I? (3.49 _ 973 5’.13COIl’. .45005.1’. C31’ S .20703.13 C 4 4  .39 31-11 .16 C’.C2 .57922 .15 CLII”’ . 000 0 0CLS4IIIIOII. .00000 54( 1.252. .00500 ‘4 .  .0 9 7 0 0  400’  .11912.00 COES. .03070
8L1542. . 0 0 0 0 3  PFCI,5. .00904 C,F( 7. .C 1 5f l 0 0

133

_ _ _ _ _ _ _

~
. . ,  ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Sample Problem 1 Output (Continued)
504PI*ITE SURF AC E IlIP1(T0CS 16058(T) P4-ON. S 2 0 5 5 2 7 , •. .5

0(R100TIVC P800(4-TO OUTPUT
CP’PROUN CP.(OuIL OL NM/O L NT I1LPISS/01l.P SAMOA

•6~ 506.00 .33039* 03 .~~5 095I5~~33 .36609.01 .1332 7*03

PROPERTY ROUTISIE OUTPUT IN LB~’M0SS.FT ,S( C.PTU,AI.In 500.II
TEMP VIOC CON D 54-AR PP SC

C, .61212*08 .61207.03 .73620.01. .00609.03 .514911000 .72426*00
4-UI 54445 •OL.BT AT IL C0701 51311’

.71699,00 .20619,32 .23116.02 .83055.08 .06596,05 .215063, 0.,

£LC44E8TA L 50 0,40 2 MOSS ,‘00C0001,0 B! 0(04 -CC 511)4-OEM . . . . 160P0’S . .667)
1 ‘S 6 7 0 9 5 7  00 6.533 35.01 .124-09 .00 ,11053+03 .11656003 .305*6,00 .26632 ,00 .111 172 .00 .00300

*9502.01 .69330.01 .5 360 3* 53  .11131.0,00 .23056.03 .07407.00 .561196,00 .00000

SOLUT ION 705515
ITERAT IONS 1 3 TOOl  — 1.269 SEC.

* CLOSED SYSTEM CA UI L50111 CCM SOLUTION IICTPUT

4-ASS CON0FNS(I/MA3S 065 • .21395000
T EMP — 6721.31191 0(5 0. • 37311.327 3 03(5’. C’ . POISS ‘ 511.42000 ATM

GAS CpsIor1Srn COPPOSITI
(5111*1,4-7 . OTu/I,AP .29234*03 - .55969*04 . .7*706,03
ENTROPY — RT 1/L RM 0(6 .20272,05 .31,291*01 .26039.01
0(4-3075 — LOP/OTt .29331*00 .74256*04
R04.CCULA0 O(IAHT 21.0627 25.0120 75•51j43

CHEMICAL STAT( IIO0LE FR . • MOLFCLCL(% / 50101 5165 P1IASI ‘5 .0LrOTCL(Sl  

SPECIES POLE 10( SPECI IT  IIILL (0 . SPLC IL ’  MOLT F)) . SP ICT I ’ S 51011 (U~ 8OCT 01 0,011 IA .CO O .29113.0 2 4.2 .3101 .5 ,0 ,  ‘.20 . 32 3 5 7 .01  C’ . 00 0 0 0  CLII .4 0 0 1 0 — T IPH .26814.03 BE .140393.02 CCLI. .6 79 0 3 . 7 7  CO .23176,00 (2112 .I92~~0.T7
C .10835.06 (2 .113031.10 (0 .1351.0-12 CCI .35696.10 (3 . 5 5 1 CC 3 . 2 1C280 .6~ 360—09 PECL .37336*02 SECLO .3 57 211— 0 1 9(1,12 .111*26.02 1(1 .114290.038(02 .90 1156— 01 0(110 .67273.72 8502 .17323.03 9(1.20 2 .97552.02 ‘(0 .272011.05012(4.’. .27300—07 0(232 .29356.33 11(333 .27990.03 1(5104 .975116.0’. 15(5(3 .355.6.050(606 .233114.06 CCL .20019.05’ CC LI) ’  .462*9.39 ((1413 .49*2 1.17 ((120 .19071.09
C CL3F .26900.17 CCL’. .770*2.10 ~F .17726.07 C’” 355~~3,33 CI? .09010.10(020 .33406.09 Cr3 .1.7739.5’. CO’ .25103.17 CII .01195.07 CCIC LC2 .60000.14CHCL2F .53103.13 C..CLS .291101.56 (.10 .63030.07 C010 .27502.111 (4111 •CHNO .752)0.06 CCIO .05031—06 C’S .4207 1.07 C.IOCLr . 5* 4 3 0 . 5 1  (112(12  .25773.11
C14202 .64300.12 C.20 .216)7.08 CCI 3 .3051.0 .06 (53(1 .696711.09 (1.00 . )4635.O9
CII’S 32939.07 CI. .1901.3.75 (207 .0 n75C .~ 5 (24’ ’. .13390 .22 C?).’, . 0 1 01 3 .0 0
C2H’.O .97335.19 (254 2 .111962.09 C30/ .23290.10 C’1 PC 2 .20097.37 CL .62035.02
CLO ,79051.07 (1,003 .474311.7, C LF5 .00376.70 C I C ’ O .064.40.05.  (151)1 ~(6S09.CC 7CLO .35569.051 CLO2 .06632.31 CL2O .75,6 110.)) F .1(359.03 100 .12090.07(N .59659.011 1540 .97430.09 03 .37 ’ 03—f l0  020 .4309.1.35 051, .16577.19
II .73023.01 014 .26701.011 III •150C1311 .’73 .171 .29U60.04 .1202 .1,0033.07 —*354 .11.693.011 09542 .27351.11 IC, .27306—IC ’ .  ‘C, C ’  .3514 19.05  1. 102 .9*61 3.080400 .S14460—07 5,203 .00765.16 52011 .22030-71 321’S .13406 .23 0 .s,s~ 2 .oo03 .23779.11 CCL2F? .44526,17 ( d O  .15*727 .55 CCC .125155.06 (216 .26 0 S.!001402 .36221.18 CI.5102 .36909.53 (214 .1151,33.53 c5,03 .15570.20 )1540 .766’3.06
8(04 .55949.04 11)402 .10609.00 511.07 .I4.CI111 .13 312CC .11107.02 •CI517 . 7937 9 .3 3
1503 .5211.1.00 5403 .114090.51* C F11 O .*0197. ?3 C( L2 .10 60 3 . 00  ((13 .1 0* 0 3 .1 302112 .291116.17 025,2 .2121.9.50 HEUFiU .1611.6.05 C1,d .67 273 .09 (20 .17081.57(LOS .55342.37 1110 .50 1.05.55 00/  .229611.11 C2 ,C  .11330 11.0* (711 .40077.09C2CL8 .62657.21 C2C 16 .10166.50 (‘201 .331115.11 C2 C L O  • 5 0 5 1 5 .57 (7.1(1 .920 5 .5 .10CHCL .29071.011 CIII .26106.00 (2131 , 5573.30 0 3 ’3  .110911.74 17 .27375 .1 0CI.2 .29640.58 62 .30809* 57 02 .22352.34 CC -a .12522. C6 ‘7 .66692.09C2H3 .30533.10 £206 .351929.111 (30 .31964.5 1 C3I.2 .26160.12 (303 .5 . 20 510 .3 3(3M’S .37473—14 (305 .722 119.311 C951 .15952— 59 CC, I.2 .21027* 15 (1011)41 . 000 0 011,54654040 .30002 4.15202. .00000 4.0’ .0007CC 310’ .17790,00 (‘.02. .0 7 00 0
8(3512. .00000 B(CL2 . .00000 PEr?. .3000U

:1

[ 
134

I
_ _ _ _ _  - — - 

-
_ _  _ _  _ _ _ __ _ _ _ _



Sample Problem 1 Output (Continued)

60 0041)51 SuRFACE .1,101(11 10053111 P4 )1CC , 1 5300300.00

ocm ov ooior PROPE RTY TCJ 1PU1
(0.0002(5. CP.CS.’IL .1) ‘4’/ C’l’ CT ,CLNM/OL’41. OOPC*

.69501,00 .17900.31 — .5*061,00 .20)4 36.411 .1) 302*01

P4-ODERT3 P0 l ,T0R E OUTP UT 051 11.15104.1.01 .SLC .PTCI.A . ,) , )  4.11
TEMP 15ISC (01,7 0004. PH SC

.63793.0’. .592251— 09 .7/322 .09 .1.3*57.09 •59575*00 .721133.0CC

4-Ui 55U2 501.40 *311 CPOI L ‘OIL.
.771110,00 .20598,02 .2 S P C4 4 . l 0 2  .30*64.0* 07)4900fl .204.79 .04

CL(RFN00L H 515.0 2 0633 S7ACTI1CI. S ICY •YOAI( 11 CC ’IhIO . . . . IGA51ro 1 .44.7

1 1. 6 7 0 9 0 7  10’.
.33339.35 .13009,00 .11033,03 .116116*00 .303*4,50 .Il?~ ~~~~~~ .14172 .07 .5 0 , 0 7 ’
.91019.03 .65 009.0) .13771 *07 .111546.710 .03335,0* . 37 3 5 1 0 . 0 1  .1*1,119,0? _ f l O S f l C ’

501,447005 , T I ES
ITrAATIOO C,0 — 6 05SF 1 2 ,53) SIC.

CLOSED S Y S Y ( 5 1  CU . IL100 IC” ~ ‘71405CC5’ o , ’ lpC,.l

MASS COND’’4500/0A54 54*4 7 .2/1 ,05,1” .
* TEPP 6 9 7 9 . 3 0 5 3  0154 11. 7 3~,l9 .011’.’. ‘lO . A . p6(0’. 0 31.474197 0 7 0

54 011 775.7(l.SIfl CC )o , ’ l ,S IOO
( NYHA L PY . 050/1951 .72100*0? — .6) )~~5.* C 1 1  ..(0695~ 0*
ENTROPY — 411/194- OEG .23.90ol0I .S* ’II.9lOl .7600*00)

DENSITY — 100/119 .111290,11CC .17*31.10CC,

•OLECUL0R •(100T 21.06/1 21.0)70 7~l.PO ’I9

ABOvE ORE 05*3))’ p5Q 0 4 . I Y I F S  .,.Al1,C T I C  0 .277541.03 ‘C l /b r
OIL.  • .3 720.01, 1 7 / 5 ) 5’  0 ) 0 5  • .1111996*33 L,II.~~C 1751I.C 114(,. 1 0 .?‘C

CHC9ICOL S YA T I  I MOL E rI. . .104,1(1115 / OC’I IC . 5*0  11.6514 Y’OLICC ,I ISP 

SP E CI(S  POLE 00 . SI . CC I ()4  001C III . 111’I’(IlS 0,01) I’.. S P 5 L I O O  5101 ) 5~~~ “((758 I I C C  0* .
C 02 . 2 7 3 1 0 — T O  *3 .572’ .? ’ ’ ,  0.1 . 3 0* 5 1 9 . 75  (• .77 1 1 0  CLII .,1 I

OIl .266*5—01 ‘~) .43 793 72 C C I ’  .31.903 .77 ~( .2 51189 .40 (50’
C .110032.07 Cl .12001.10 C l  .201711.13 (11 .~~ 1” 0 .5 8  7” . 7 5 1 7 ’ . .? ’.
C201 .34436.0’ .1(1 .2071 ‘72 ‘C CL( .37/11 .1, 1 C C  1” .‘) 033,01 •C~~ . ‘III’ .07
0002 .54390.0) .0*0 .1 P 1 1 *.77 I C l~ .I,. ’1l,11.”3 C) C~47’5 .3 ( C , , ’ . .C C 2 ‘ C  I l l .?  I

‘S(2CL’S .154-97.07 IIE?f2 .13’.I./.17 ‘( 3 05  .711290’fl3 *11114 .0 0 3 0 6 . 01 1  54057. .5 )” l . r
0(606 .23615.06 CCL .31200 .70 ((180 .231.97.99 ( (‘ .03 •)ISOR.17 ( 117 ”  • 3* P f l I .5 , .
CCL S F .73702.10 ((1* .2174.9.00 Cl .7367o.flR CII .111660.30 (12
(025 .17754— 0 9 ( 0 3  .14193.111 LF)1 .p?,C60.10 C’ .3CPII.O? 1 1(1 C .’ ~/ 7”.1’ ) , 7 C .
(0(121 .15370.111 (11(13 .10143 .34 (.113 .S’COOP O7 (ISO .91’9 110.15 C I.’. /1,7 5 1  ‘11
(1190 .113380.06 (‘.0 .20 3*5 .0*  C’S .50308 .37  (112 1C r  .7170 0.02 ‘*/‘C/  ~3 1 .1 I ) .7 /

C1I202 .253211.12 C027 .13502 fl7, (05 .57037.06 CI’ ’C I. .34430 .09 (*31 .l’’~~’7’ 17
CI*4 .36 4 - 6 5 — 0 7  CI. .10006— 3’, 12’2 .21.195.16 (2) 0 . 2 13 0 1 . 2 9  ‘211 11 .‘4’” ’C1
C20140 .2 3191.58 C25,2 .1 , 7 5 0 3 — C o ( 3 C ’ /  ,‘C 11I63.13 (11. 2 .1.7395 .00 CL
(IC .1* 15979.01 CLO ’ 1 3 .117939.23  0013 ,v~~14~~1,.a7 CIII ,~~9PI7.)46 1~~5,’ . ‘.I4 7. 351
CLI .0’I9P2.06 CLO? .27l’M ~~7, (I/CC .27111,—Il I •7$’,117.Q5 0,1

.23700.0’ 030 .30.03 ,, ICC • 51.12*1 f lp  C,” .~~o312.I6 ‘7 . . 6” ’  1.? C
H .63699.03 1.14 .2091.0.5* .151 .13 331.92 .171, . 3 0 1 3 6 . 0 1 1  lOS’) .7 7 0 5 4 . 7 1
.35. .97053.08 0115.7 .01192.57 II •% 7 7 7 ?. C l I  40 .25034.05 172 ,30977.00

N20 .77537.57 14203 .1,1.91.16 ‘CO.”. ,55l.63 .72 I2C 5 .P026P.27 51 .3 ’ 7  ‘‘.0!
33 .62527—12 CCL ?P?  .12511P.07 CCI. ’ .269111.78 (CI .931195.07 (711. • 711115 ..5 )
05402 .055239—15 (1)402 • 10523—I, 2. .17*00.13 13, 3 .1 139 1./I “.0 . 306 ,0 .06
0(5. .76300.08 115172 .72011.59 ‘703 .31992-I’ 141.0 . 0 7 9 20 .0 5  0111 ,7  .3116.0.”.
1102 .53 6 ,5— 0 7  ‘IT’ .3977 1.5 C . I~~ ’ ’  ,6’IS IC ’ .711 C ( 4 2  .21211 .10  ( (13 .19’ ’0. I*
12142 .531550.11 1125,2 .01973)’.39 “020*), .1110411.71 ( 1 0  .727 ,92 .09 171,  .1C 9~~~.lC0
CLOS .14339 .30 01, 69406—I.. 10/ .61C1119 .ll (21 .31323.CCP 0?,. .11 1 1 0.011
C? C t , 4  .12279—23 C2CI.6 .101419.15 (710 .10(79.11 C2(17 .34104.30 70.11 . 5* 5 * ~~. C 7
CIICI. .154.011.051 CAl .13.112.5, 7/18’ .11.9/2.70 13’,? .004*7.25 Cl
CL O .215479. 0 14 17 . 1O7 2 O. f l ,C , ,~ .11,1)1..-” C l I  .511034.07 I .711~~15.79
CO*53 .02922.10 C2*6 .991122.1’ , C ),C ,3 )’ , rC. ) 7 151 7 .60 0 5 / .03  (‘41k .I~~~~’’ ‘13

‘
0’ (3H15 .1,3259.18 (31.5. .1111139 .34  C”.’ .70/71.711 (CII.2 .4 3 3 9 6 . 1 4 .  C L I  11 . C 0 7 ~~0

((1195104-. .00000 518307 .  .000fl5 04• ~Q~
’ CI , )  ‘3171 . 1 0 9 6 6.0 0  ‘C I  ,.. .7 9 0 0 )

— - 0(3512. .00070 OEC(2.  .00011. ~) 0 ? .  , 01’ ’ . 7’
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Sample Problem 1 Output (Continued)
S4-00II05( SCCRC0I’F O C ’ F T I C S  1 5 0 5 0 ( 1 1  41000 , 3 OO IC0OLO.U C ,

OC500AY IRC PROPER TY UUTPCCT
CP.FUOZEN CP— (0~~l., 0 (50 /011 ,5  C L C I P 2’ .’ .C,’ I’ (5l1~
.34603.00 .1.9482 ,02 ..CC 4 6 0 1 , O I  .*99 4 3 .~~1 ,99*3’ .. ,,’

P00044-TO ROI’TINt OUTPUT II. C 5 . * 0 C C 51. 0 7 . S ( L . C  0 0 .8 1 .1. 010-8
TEMP I ISC 73) 3 05*55 1111 SC

.90000.03  .16292—011 .1 , 7 7 0 — C l  .17609 .1 C C,  .0 7 1 1 4 C . ’O .7233 3,0 CC
4-US ‘US “L..l 117 11 7 0 1 C C ,  *011.

.771103.00 .20996.32 • ? ‘4 S 4 . . ’ C2 ..1,2433,13 ..4P,S.r0 — .131110.711

ELEMENTAL 0 AII C 2 Moss IOUC TT ’C5151 1.7 707*11 ‘ ,. *11) CC C 0 7 ’ 0  0 11 .60.7C
1 * 6 ‘ 17 COo .

.90303. 0, .12479,03 .1103 1 ,17 .110 141,00 . ‘( ‘ 1 1 4 . 0 0  .14.1.92,00 .1*372 .11 0 .OOC CO C )

.91019.07 .680)9.40 .0 0 7 7 1 ,7 5  .1,311C11 ,’ .7 3 1 0” .-, . .179”..,l., .106 19.0’ .“flO O ’ .

SOLUTION T O O l S
11046100515 • 6 0181  .115*  SEC.

C LOSED $70714- 1*0111110109 00(01171, 7110801

ROS S (9N05’ 51000/000S 00’.
TC’I P 9 0 0 .70 0 0  710 ‘I. I,0II .C. . b 0 0  “I’. 0 . 1* 1 5’ .  1 30 ,117377  IT

“‘ ‘ I C  515 4 - ((111 15 1 7 )
ENYIIOLPY — 070/ 180 — .2 7 * 1 2  . l , 1 7 0, ’ 1  .. 87* 09.9.1
E P A T A O P 0  — 1111/100 0(6 CC .,“ ‘*51’  ~ i , ;117’ .7 .’’ . 1 7 13 4 , 0 0
OE9S ITY . L*P/1T3 . 

~‘.~~*‘.‘ . 52 37 . 1 . 7 1
MO1(CULAC* .IIIGI,T / 1 . C’C - ,’I ?7.012C ’ C7 •11)19

CHEMICAL STATE C°ei ’ r* . , I L C  1 ‘11’. / T)’,L ;’”. C~~ 4’.~ ‘01, r’’C (’,C 

S PECI ES 11,10 0. . C.’I C, I )~~~~~~ .7 ’  LI ~ ‘. SI14fl t C ’ f l C C r ’C . .11(505 • C L O  CII
’ 501(I44 6011 03 _(02 . 2 7 h l O . , *  I’? .1,’,’’., .” .C7CO ,I,’’.7,1.’~ ( ~ C ,33 31, (LI’ .111121.010, .261.1.1.0 0 ‘C . 2 3 7 1) . .? (“ C, ’ .7. 11,1. ) ?  71 .791.611.1.1, C’) ’ )  90513.00C .97•~~/ .O’ C .’ . 1 2 7 ) 1 — I - ’ 7 ’ I  ~/ 0 1 7 1 _ 7 3 C~ .51~ 44.I0 C’’ .36000.fl

(240 .16*56.09 ‘ 0 7 1  . 2 7 2 1 0 — C .’ —CCL I .07213.01 *101’ .05070.02 ‘.rC .34401.359tC~ .1111399.07 C )~~ ‘C .110’, ’. , ‘ C ’ . .’ . C ’ 110q. ’I II .’/ C’ .~ .3 0 0 2 4 . 32  “00  44479—03‘F2t14 .550117 .07 .0 ,. 7 .13 .-I.’. 1 1 - 5 5 , 9 , ,‘*2~~7 .  I 
~5.00 .0’9O1,.** ‘157’ .33307.03011,7’, . 2 3 6 1 9 — C O  ‘C i  .11,’ ’  -. “ C C C ,,’ ...I1IC ~,’9 ‘ l C  II . 1*000 . 1 3  (7125’ .9110955.30‘C C  80 .777112.1’ C *  .. 0 0 1 9 — C ’  C’ ’ .  ,7 7~~711.~~51 C~~ • %9 I*6 4 4 9  CI? .37~ 51.I0“0 20 . 07780 .0 9  1’.~~ .1* 1* ’ .10 ( C C . 

~~~~~~~~~~~ 7” .91011.07 ( 6 (107  .7056 4.13r,CL 2’. .103711.1, C C C , !  , I C ,CI.l.l’l S I C  ,9’,ICI C. .r.3 I.C j  .0.91151.18 C~ N .26270—007 ICSO .110330 .0’ .  r1,CI .2 71111* 1* CII ? ‘‘41..’ 7 C C / C C  0 . 7 07 0 0 . 1 2 7*2 7 )2  .90 348— 1?‘‘fl; ..‘b’~2”•l2 c ’ .” .1 ¶71.’.’ ‘ — 3  , o’..o’.’~. -.’~,’ .91.590.09 )‘031 .67572.107* 11 .35,05.5.07 C’ ’ . 0 0 1 5 1 . . ’ . )? C ’ .  .7’ C,*’.754 7 7 1 ’  .21 3511 .29 (2111. . 11*913.1102’*’ .2319 1.0’  C ? . ?  .‘7 . 9 3 . ) Q  ‘~ ‘‘? .01* 1 .1 .01  7C1 ’ .1.7399.10 CL .35663.027 1 0  .1.11970.01 10 ’ S  .117959, ,’  C L ’ !  .$ 5 5 .0~C.)2 (C rC ’ .9*0152 .56 C C ’ ,) .7 39 77 .04
C L ’ .  .0390 2.66 1 0 1 ?  . 7 1?’I.I j  C L ? ’  . 2 7 7 1 9 — 1 1  r •Tp3117,54 C r 0  .55660.04-.2 0 7 7 0 .0 *  C ’ ,C .71’ ’ 7 9. 1* 1. . I11l.21I ..’,H 0 7 7 ’  .9’SI?.16 )“‘ .26601.20— .69694 .00  *~ . 2110.1 .. . I I C  .‘C~~I1 .1/ ,17C .13134.00  “717 .22176.0?“9’, .97 073 .03  11402 .C I C C 1 . ’,I,C 5 .1 ‘ 7 77 .’4 Sf .2 .032.05 ‘.72 • 0990 0— OR512 7 .2 71 7 7.0 7 1~7C ’ 9  .5* 1 7 1. 1 1 ’?” l  .79060 .07 ‘4205 .00260.77 ‘ .93003—03OS . 62 5 2 7 — I l  1 1 , 7 1 7 .1? 0 ’ — 1 7  C C L , ’ .2 5 . 0 1 4 1— 6 5  7 C C  .69543.07 710 .24 RR9.3115007 .00249.18 C L ’ . ’? .11 ‘ ‘ 7 — 1 ’  1 7 ,  .57*00.53 0 1 1 . 3  . 17 3 9 1.2 1  “C  .346 N P—06
0(51  . 7 4390 .0’  (‘7”. .T 2 f lY I . 7 0  “ ‘ .49*92.011 .1121 .70 9 /0 . 09 111517 . 30601.30
*02 .30643.57 ‘.0 9  .“‘SI. 7 4 C C , , .1.5* 71.2* 7 ’ C I e  ? 7 2 7 7 .5, ‘C i ’  .93790.10021.2 . 53 .* U.5~ ‘ / 2  .0 7 7 7 0 . C 4  ,C 0 , 0 ,C . 1 3 7 5 1 . 3 7 ( ‘ 7  .2 2592 09 (‘1, .71909.50(115 .1 9359 .31  “C”  .1.’.I7,.l1 I C ’ ?  .I.~ “ 7 * . C 7  7.’. .* 1329.IC R 7’, .20500 .09C 2C ’ L 11  . 02 7 2 9 . 25  C 7 C L I .l 7’ t ’ *. ’ 7  ‘ . ‘ ‘C .1 ‘ C” ’ .I C ),‘ C 1 , ’  • 3115.70.7 5  ‘ 7*0 1 .3 69 9 3 . 0070 0 1 ,  .111.911— US Cr0  .0 0 *7 , ’, ‘ .1’ . 2’ ”; .‘ .0~ C II ’ .7 01111 7.29 1 7  .10509. 10
“C” . 7 5 3 7 9 .0 ’  C ,’ .5 0 ’ ’ .’?, ”~ “2 . 1 7 -  7 6 . 0*  ( C ? ’  .740351 .07 ‘ ‘ .20375 .09(7113 . 1 2 9 2 2 — I T  (7 . .’ .  ,91I1,I.C . j 5 1  73., .“2” 0 , C . 1 ?  7”  .4. 5 0 0 24 3  ‘ ‘ ,,I . 15390.10(3.04 .~~9739— l3 - .1*1 19.1, CII’l .1 .7. 0 . 0 5 1  6*110 .0 7 796 .111  C 4 1 1 ’~~ .00000CLII11I.011. .0 0 0 7 0  .‘..‘.‘ 2. .1 C O O n  ‘ . 1• , , ‘0 0  C) C - .1 “6 . ’C CC  ‘“I’. .0 0 00 9
0(9142. .110070 I C c , .  .0 7 1 ’ S ’ .  . 1 1 7 .  .. ‘ 1 , 0 0
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Sample Problem 1 Output (Continued)

U0000TE 0uSFAC C 0ZOIETIC S )005A071 01400. I 0009700.20

(0.0001151. .366211*00

0*00(4-53 301,7161 OUTPUT CII IP—MOSS.CT.SE (.OTU .,111 SFS P
1(00 010C COO’S 00,0 PP SC
.~ R00O. 03 4~~555.O1I .99122~ O5 .17655.0* .60105,00 .7296* IOf l

4-UI PUS 001.111 IIT3L (PTC( ,  611111
.94240*00 .25172,02 .26304 ,02 . .36*5(rU* .113371,70 .~ 9755 9*211

ELEMENTAL K ASIC 2 MASS 0 9 0(0 5 0 5 1S  00 07051C C ‘ C ’ 3 F ’ C °  . . - . IC ,051E5 0 .1,6 7 )
5 14 6 7 A 9 07 106

.713 03—01 .57657—01 .15139,07 .037111,05 . 22999 ,OU . 2 06*6 ,77  • 15400,07 . 0 0 0 0 0

.91019—01 .63009.01 . 1 3 7 7 0*0 7  .1*5*6 ,00  .235 03,00 . 17 9 5 6 * C 0  .11.639.00 .00 1 ST

- ‘ SOLUTION T IPES
1T030310NS * 30 T 5 (  0 9 .73?  SEC.

OPEN SYST EM CR EM1CA L 3111(51(3 SOLUT ITSI  OIIIPOT

554- rACE IS AT.. 00*PICIT E
MASS T OAN S FE R 0(101(1007 1 0 1 ( 0 0 .71301 ,7 0
4-00 0 OAI,L/00C 1 UI (3 .7 C 1 0 ” C C . ) b  oC ’ 171’ 1  • .0 0 0 3 0

STATE A O,JACEPI3 TO TOE SCJP F,C I .
TEMP R 900.0000 0(0 9 5.0 .0 0 ) 1  0(6 . 00155 0 01 . 1 17 0 0 7  I T ”

CII’, C ’ ’  0r~ S C S  7 6 0 ) 1 15 1 1 7
ENT0ALPY — PTU/ L0R .. * C O C ’ 9 1 0 0  . ‘ . 0 0 7 ’7 ‘.117 0 6 3 . 0 *
ENTROPY - 511/190 DIG CC .0 l ,’ !* ’ ,’l .115000  ,‘C~ , 0
0(110010 — 1072’ S .1;635’01 .52699,01
MOLECULAR ~EIG0T 26 .3000 .007f l  26.9030

CI4EMIC4 L 57011 00/A(ENT T , ’C RO E ’ ,CC ICCO. C F
14-010 13 430 GASES II 0711(01(9 / 7 ’ l* C  (.110 ‘ C ’ C F C C ’ L F S  C
14-OLE 10 000 CONOENSE’C * 11011000 CC ’5i ’ 1’.000 

SPECIES POLE ER . S P E C I E ’ .  ~ CL5 00 . ‘“((II’ 7011 C 1 1~ 6 0 0( 0 0 0  R OLL 1*~ S~ ECI(S P3L( 00 .
(02 .23277—07 12 .01*’, O — O l “2” .2 6 4 3 0 ,00 (I .0 0 0 0 0  CL” .1S1A2.$0
00 .21636.07 C~I’ . o ’ - . ’’. ( C C ’ . ,T ’ I , ’ C . .O T  C .5119*9.50 C202 .12993.27
C .00000 (2 .I C ’ ? ’ . ( 3  .0 2 1 ’ ’ ., (II .0 0 0 07  (S .00 00 0
C2PE .00050 01(1 .1 07 12 . 0 1  *7(11 ,CI3 71 ~~~ ,CI ’ 01(L2 .20301.03 311 .72030.2?
4 - 40 2  . 5 0 1 5 5 100 11~~0 .74712 .35 “I I? .97115-ill 905207 .1*203.03 0(0 .03075
4-12( 11. .10721.00  0 (20 2  .0 0 7 0 0  ‘.13,17 .63033.21 ~41.U* .923211.07 5(505 .20536.10
0(606 .108)0.01 (CC. .17(7 IcC0) .473I,11.*5 C ( L ’ 4  .0 11602 7(173 .23795 .25
CCLSI .0 03 0 0  (CL” .,,OC ’ .’ CI .I C O C 1,C 0 (FE .1325647 (03 .00000
CC 2O .00 191—2 ”  (43 .1’) (011  .00 0CC . (II .00000  70(1 42 .35 20P—35
(4(130 .2261.1 —30 ( ‘ (0 7  .27’oU.OC CoO” .C512 ’ .19 Cl’09 .10261.3 0 COO ’ .30201.16
CASIO .11C139 6.17 (.0 .32710.?7 7,.? .00000 (“PCi 0 .45060 .22 CII2(12 .354 85.10
CCI2F2 .69301.2’ (‘2” .7 Q 0 ~~9. 7 ( ‘ - 7  .11 1*7 7 .59  C* 9 ( L  .74131 .09 11.30 .09699.15
CCIII .2*505100 7’ ,CC’. C C C2 F /  . O C ’0 ( ’ CC ( IC” .,0 3 0 n . C  C2IICI .32979.15
C2)’l’lO . 1 3 7 3 3 — S O  C’?’? .1,4.579.17 (337 .0 * 0 C C )  (*7,2 .0100 1’ (1 .92*2 3.20
CLE .210 03—34. CL C’ 1 3 . 1 1 0 1  CO C L C 3  • 1 C 3 0 0 3  Ci” .13090.23 (C ’,’ .00000
d O  . 0 0 0 0 0  CL)?  . 0 0 0 0 0  112 6 .C 0 ” .C C’ I .11.7110.07 0’ .O . 0 0 00 0
440 .00000 0510  . 0 0 0 ’ . )  C C’  .06’’ , ’ O 071, .* ‘COO 0 5 51 . 0000 0
Cl .2 9390— 2 1 .‘. .0*0 70-IS ..‘- .12119.06 ‘.71, .5’’lO’.’O ‘PC? _ j 5 9 5 1 . 3 4
403 .112535.01 0”,? .1”C 7 . / I  “ .0 0 ’ ’ . ”  iC .l’’, 9 9 1 . 3 2  ‘ 0 2  .00000
N20 .23007.3’ 1,203 .00000 ‘ /‘6I .61 6 0 1 ’  ‘1 2 1 5  .0’. O C O  0 .05000
03 .03000  CC L2 E 1  .00)’ C’O C C C ’  .“9’~~~.,’ 0 ” ,0~~ , 5 7 ( 7 6 .3T  C216 . 0 0 000
1302 .00000 C C I . ?  .1 ( 0 ” . ’ - C ? ’ , .0 10 30  0 0 9  .1, ’ ,’ (‘ 1’ *1,0 .93330.36
SEll .0 0 0 00  ‘1,C C , . O T C ’ ’ C ,  “ ‘  o f f’ . ”  ‘C I? ’  .‘. (0 0111.2 0 3 0 f l 0
002 .00070 1,1,13 .6 0C C ’? CI.’ .1’’ “ 6” . C C I ?  .0’ ’f ’ . ((19 . 0 0 3 4 0
0292 .000 50  .21,? .3 7 ? ’,.). ‘C 0?C ’, .C OI7 I ‘‘.0 C”7 .0~~C3? (20 .00000
(LOS .00002 .41— .00 ‘ 1 ” .  1 ’ ?  .“.C’ O ’O C ’ (71. .0’ (“0 (211 .00000
C2C LI5 .0 0 07 0  . 2 1 , 1 6  . , C -  (7 .’O ,? “ 3 . ’ C C  : 2 C C ’  .0 7 0 ( 7  (20(1 .23699—3 6
CCICL . 0 0 0 0 3  7.,r .0 ’’’  0 2 1 9 ’ . .C ’ . - . ’ C  0 3 ’(  .0 3 0 ( 0  12 .00000
CL2 .11230.20 ‘7 . C ” ’ ’ C I ’ ‘ 0  .OCTC T  C’.’ .0 ’ C~~ 0 ‘.3 .05073
(2*3 •46999 .34 C?” .  .2 ’ ? ,  0 . 1 1  C I. .3 “00 ‘911? .1’ . . , 0’ .  (91. 0 .000 30
C3H3 .73722.31 (31. 14 .209; ‘.26 (“ ‘I .0 1 0 6 6  C11*2

I’ .
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Sample Problem 1 Output (Continued)

SPAP5I1T( SURFACE KINETICS I0A S RF T ’  PPOB. I 555275 0. 110
4 . 6

(0.0402(3* .141547 1100

PftOP(ATT IOUTCIIC OUTPUT SI. L9—4-ASS.IT.SCC.COTU.*I2’ 010—P
TEMP V I S C  (0110 OOAP PR SC —

.2934-0.00 .12105—04 .33969.0* . 87*19 .03 .591103*00 .721149*00 C
4-UI 4-US NGL.AT OTIL CP3IL ICT IL.

.00953.00 .21079,02 .23272 * 02  — .124,5*01. .75180*30 - .17730,0*

E5.CMENTAL K 4-NC 2 MASS 090(110110 RI A T C34IIC ‘000E0 6 0 0 5  • .6 67  C

1 ‘ 6 0 9 IT 106
.39752~ 01 .41106.01 .15153*07 . IST 90000 .2301.0.00 .2090 11.00 .0 7 1 07 . 0 0  .0 0 5 0 0
.90905—03 .65695.03 .13090,00 .111026*00 .23583,0 0 .17927,00 .111633,00 .00000

SOLUTION TIRES
IIERAIIONS S S T I RE 3 , 3 25 9 6 1 .

OPEN SYSTEM COE MOCAL 0111(10(1. SOLUT IO ”  0017115

SURFA CE IS AT O GRAPHIT E
MAS S TRANSFER COCFFICIE’, T A 0ICCO , .96900, 30
RHO 0 AA LL /000E SE CM 11 . 1* 0 *2 — 0 2  800 IOC .1*0112.02

STATE A OJAF EN1 TO TOE SUR FACE -
1(4-P • 2920.3000 DES 3 , 1007.7000 11(0, )1 PRESS R 5 1 , 117037 O T O

050 704504511) COIC1’rsj It
CNT H6LPT — MTU/L R4- — .2*000* 1*  .0700*
ENTROPY — 4-16/LO U 0(0 3 .22753*01 .70010 .0070’
DENS ITY — (4- P/ IT O .3900I l’OO .0900*101
ROLCCULAP AEISI4T 23 .2721 .0700 23 .272 1

RET FOM,4A 37’ 4 - AYE OF 4110tT 1(,LLO COC, T IIOLL(0 0(0717 0 149
(ROL ES OF REACTION / U’IIT SURFOC E 00(0 / 014-1 / 01101 C E  C0 )~
SM .994-22.04 7. .6 70411 —0 * 3. .12006.11 *~ .2457* .,, 5* . 11827 .21
6* .300117.21 7* .27 1180.26 0. .26* 19.2R

RAT IO OF FORAAR O TO R(SE’ISS’ KI N ET ICO LL I  (05.1,01,117 P0000J CT IOC- K A T ( S
5* .27 N3R101 2. .2740351.0) So .732011*01 “. .2 7930 ,71 3. , T S 2 5 o • 3~
~. .20690*02 70 .231102.02 40 .1911711,05

CHEMICAL STATE A OJA C ENY TO TAF 90000CC
44- OL E FR FOR GASE S R “3LICC ’LLS / T O TAL  600 ‘O LE C U C . ( S  I
44-OLE FR FOR CI0NDS”,SE” 4- 004305’ (‘1311.500 I.

RPECIE8 POLE FR . 500CI(8 4-OL( FIS . ‘01d b 01(5 1.’. 511(109 KC’ LI I3~ *P ( (5 (5  “LI’ 4 4 .
COO .45921.02 sO .3091.5 ,00  020 .1 6 7 2 C . ’ O  C’ . . 00 0 0 0  C L 0  .7 0 0 7 9 . 0 1
PH .29627.02 OE .116 1170.33 CCL 9 . 17 1 92 .0 3  CI . 23 0 5 ; , T T  7202 .191110.76
C .36325 — 20 (2 .30 071.21 1’ 7,C .CI’ O .,.C (II .2.’ . IO,?I (5 .0 5 0 * 1 .2 0
CORE .3191.11.09 “ (CC .37072.59 C’O(CO .070*1. 1 I0( I C  5 ~~~~~~~~ C l C I  .79380.07
REFO .7902 7—AS  11)11’. .15145.00 .011/ .C 141 0 . 7”  .1’?. 3 .2. ‘‘ 1 5 1 _ C ’ ?  ‘ .00 _1 ‘6R 0 . l 5
MCOC LO .67056.07 002 ’ ? ? .00076.52 (CF 009 .0 7 1 1 1 9 . 0 7  4 f * C ’ . .0 ’ -110 * _ CC S .)9051 .570 113 011
StOol .34-201 .0? CCL .30R30 10 CCLKC’ .0”787.C2 C C C I ’  .? ‘ l C 1 .77  C C L ? ”  .6 0 69 3 — 12
CCSISF .200 00— 22 CCL’ .2 33 0 6 . 9 7  Cl • 5 ’ R 4 1 1 . l 7 ”I~ . 2 2 2 0 0 . 1 7  C r 2  .3 6 1 1*6 .07
Cr 00 .6 1253—I? C r9 .30722 .72  7 0 9  , 7 4 O 0 ).~~’. (II .1’ ‘111_ I  7 1.1(102 .61560.11
CHCL F .1 4 0 2 1 — l A  COC LI .4 -9292 .16  7.740 ,,‘O OC Cl ‘*11 ~~~~~~~~~~~~ C”.’, . 77*0 1 . 04-
(4-040 .09029.00 (“0 .90490.70 (*0 ~ 7’~~0 ) . 7 9  ( *2 C 1 , ’  .‘7’ ”C’,. C 2  0 . 1 2 C C ?  .97097.11
(4-072 .07337.13 (*2’. . ) 5 9 n 0_ ,’1, ( o 3  . 7* 1 1 1 ? ’  - ‘ 1’ C C  .5’ 7 1 0 .0’, C I S C  _ ‘52T 7.00
CON .7)102.02 (51 .25)01.1? 12)2  . .? . , l 6 .  ,.1 (21. .** ‘ .* 1,0 5  72*0  •533R3.55
(094-0 .244 - 81—19 C ? ’ .’ .77516 7. 7 )  (9’ .C .6 0’II — I l  6 ’ ’ ?  .6 7 0 . 1 .19 CL .1188*9.07
CLF .25073.58 ((003 . C ’ C ’ . T T I  (I_ O S  .0070* ~~~*C’ . 5 0 9 2 7 .11 C I T .’ .110571.17
CEO .4 3769— 00 (L0? .LI? 51.7? (120 .I 37 9”7 0  0 .7 ,4172. 19  1* C’ .1151 0 99—10
ON .30096— 01 0 91’ .0119115. ,.? 1” .6 1 5 1 9 1 — ’ 1 1  02 1 . 7 1 1 2 5 1.86 0 0 , . 0 7 9 0 0
H .51585— SI Ill .S2~ ’7’ 17 ‘0 .““ I’.’’ ’ #  117’ .11 ‘551.00 “207 .I1’I3.l5
MOb .22196.03 “OI.? .615 9 1 1 . 7 1 1  I , 7 3 O 1 1,, . C S  ‘.0 . ‘ “‘“-11 .02 . 27 3 0 0 . 2 0
320 .110229.19 00209 . 5 1 .’ 1 2. 9 1 4  ‘2 S .0 ” ” ’ ’  ,2’ ” .T ’ l”., 0’ .00 3*0 . 1*
03 .10303.S2 CCL ?F1  . 7 2 2 0 4. ? ’  C C L ’  .11751 .04 CII . 5 5 )4 1 . 3 2  (701, .39091.30
10402 .95590.33 CL O ’ 02 .01)976.20 C, ’ . .7 7 5 1 9 9 .0 9  01. 03 .01107 0  ‘ P1 0 .119163.111
•(~5 .45 fl9 .5R 01102 .12 122— I 0 * ” 0 9  .C’,C ”l.?O ‘ C E o C  .5”11’0$9 011117 .00000
003 .70130.10 ‘ICC0 .7651.1*911 ( 0 9 ’ C  .1111~~’0.I’ C C I  2 .173 0047 C C L ’  .119 15—I,
050~3 .20093.30 02117 .2072’ .C 1 .02’; ,, ./1,’7. ’.l ‘I • “‘‘79.07 0 7 0  .69271.111
Cl_F R .00000 +010 .00700 00/ .621.111.01 7/C , 0’ 5 ~~’.5 ?  (71 .  .0 32,2.16
COC LN .20013—23 C2CL I .90,#0.ST 7,2*0 .241151 -C S C 2 1 ,2 .711 7 0. 1 1, (20(1  .1 47 19 9. 11
CHCI. .25293.19 C*K .77 0 , 9 . 7 9  (/199 .S2111i .—5 077 I .01’”, 0, _ 34079 74
CLO ~777)?.1fl 1.2 .11005 ,00, ‘‘ .“,0o-16 C’ . 2’I I .oo.SS ~ 3 661,93.19
C OOl .30471.10 Ci”. .799 11—T 6 C’ .  .a’ ’ ,’ ’— C ”  ( III? .1. 0 5 7 .1’ C’’ ’  .26 2 0 7 . I l
(3115 .10136.00 (5..’ .0’I.~ 7.70 (110 • , ‘ 0 0 0 T . ) 7  C*’ , . lS’.’C .111

ri
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Sample Problem 1 Output (Concluded)

SR APIOITC SURFACE IbIN ETICS 10*50(11 P4-O R. 1 550,0,  17.110

6 6

CR—FRO ZEN. .52269*00

PROPERTY ROUTINE OUTPUT III L b’ ’ C IA S S . F T , C , ( C . P T U . A C.CO 0011.).
TERM RISC CONS 0*1*0 PA Sc
.72000,04 .04200 .04 .66*52.03 .55595 .03 .355 6 1* 00  .7 2 3 3 3 . 0 7

4-US $02 MOl..wT SOIL CPTIL *‘TJt.
.07954*00 .33407,02 20310,op .0*417,0* .7’905*00 .69927.0*

ELEMENTAL A APIS 2 POOlS FRAC T IONS 00 A T O I O I C  511,519(0 - . - - 10* 010  • .l’6 7 C
S 6 7 11 9 17 . 106

.SNS N S — O S  .34590.03 .5S762*00 .75109.01 .12072*011 .9597 9.01 .01691.01 .000 00

.3~ 030—01 .54251—OS .113903,00 .77407—0i .02*41,00 .9906’.C’ l .7770R .05 ,CC 000C’

SOLUTIO N TIRES
ITERATIONS . 6 TIl l  * 2 .693 511.

OPEN SYSTEM CHE M ICAL (10(51(5 SICL0’T0TI, 0 C C 3 P C C T

SURFACE IS AT .. 600PIIITI
MAS S TRANSF (# COCFFIC IF ’0T 1.01,11 0 .96900,07
RHO 0 14*1,1/R USE UE CM ‘ .90496*00 ‘P1.110 . .90 * 9 0 . 0 7 ,

STAT E ADJACEN t TO THE SCCR IOCL . .
TEMP 7199 .9999 0(6 4 . 00 0 0 . 0 0 0 C  UI_C, C) PRO’S 0 ‘7 .47*137 0 0 .

540  C 0”’.CF&’SIC . CL.*C’’, S I C r
CNIIIALPT — P1*/LAM .5 0 * 7 0 00 *  .0 0 0 0 0  ,515 4 7 C ,  ‘.1
ENTROPY — 011,/b R 0(6 Il .230090 01  .0 0 0 0 *  . 1 , 1 . ’ , ,, ’
DENSITY — LOP/Fl) .19452,60 .1* 1 0 5 1 2 , 0 ’
MOLECULAR OCI G HT 211.51099 .0000 711.1,019

NET Ff010500 R A T E  OF 3 lICE 0 7 7 , 1 1 1  0 (‘0’ TOOL 110’ * 1 4 ( 5 0 0. 0
14-A LES OF R E A C T I O N  U’IIT S ( C O I C C C C  A C C E A  / 1111 1 4,708 Ut C O O l .
SR .64920.00 0* .5 0109 .00  3, .31603 .01  *~ • I 0 7 * 4 _ ’ .  2 9* .I10,’’ .07
6* .107 99—02 7, 1*000.03 6. .2 * 10 0 — 0 9

RATIO 00 0000040 10 * (*roSr 0I7 E 3 I C C C I Y  CU1. T0”IIf , 010”C’(T7*), l A b S
1. .2271 7101 2* .3271 1.01 3* .1017’ ,I, 1 * 0 .00 717 ,01 9* .1’ 0 7 ’ . 7 7
6. .205 60,01  7~ .76 137 , 00  0. . 5 3 2 * 4 , 0 0

CHEMICAL STATE A IJACE IOT 50 9)7 0 95040( 1
14-OLE FR FOR GASES 11 ° O L E( I I L L O  / TOTAL 6A0 ‘ C ’ l 0 C I 1 ’ S  C
14-0(1 10 000 CO90 E715IC) • *r, I0) C I ’ 7 I C O E 7 S 1 I ’  C .

SPECIES POLE IA . 1P1C0I’4 1901,6 0* . ~20( ILS 51010 00 . S P E C T 0 S  C O C CI C C , S C ’ E C I (  S ~~~C 1 ’ 0’I.CO2 .40920.0) .  02 . 1* 2 2 0 . 0 0 7,20 .7 6 5 5 7_ l O S  (S ,07 . ’’.,’. CLI’  .0 3 69 1 1 .0 1OH .23077.0 1 1.1 .6 0 7 0 0. ,C 2 C C I ’ . . 1 1 0 2 2 — 0 9  CCC .0 0 7 , 0 , 1 4 1  (2*? .“T l ’ . 7 . 0 1C .16699 .02 Ci .1 70 9 0 ,0 7  (3 .1115711.,,? C C. .7* ; ; ;_ )*  C S . 0 5 3 0 9 — 0 5
C20( .92947.02 ‘(CI .2’0 )’? ’ ” 2  I’) 0710 .1 ‘T r O.” I  ‘C) C L ”  .?O’C 0, l .  ,? ‘ I F  •*O’l93.0)11(12 .21096.01 00 ,” .6 9 4*3 ’ ”). 0 ) 9 2 .O ’ C ’ C 7 ( , 4 ‘,U” 0”. 7 .2 .‘O;.l O “01’. .9 1 30 s . ’Y
.)E2CI* .156T3.OA ‘CC 2112 .4 7 0 6 6 . 7 0  1 130 3  .17”,~~— 0 0 .  0 1*1* . 3 7 1 , 7 7 , 70  C (371’ .004911.2+,
0(606 .19930— 3 1 (CL .23*1 1— 0* ((1110 _3 0)1151—T 7 ( I C E S  ./~~‘I13.l 0 7 , 1 2 ’ ?  .063’3—ITCCL II .54022. 1* ICLO . 10’.02 . i  11 (F . 1p *”9~’.)S 10 .11999.011 r12 .6 5 6* 1 - 0 6
(120 .309*1.09 (03 .3701.9.17 C09 .0*17’.C3 7. .5 5 0 0 . 73  (*1112 , 5 1 0f l3 . 1 0
CIICL2F .67511.11 (4( 13 .2*704 .11 C* IC, . ,00 ? 7 . , , 7  (1.0 0 .7~.35/_15 (1.7, .112 090— 0 5
(11110 .IN0RI.0). (*0 .2296.0.04 C C ’ ?  .0,051.0* (1,21) 0  . I I I O2 C , 0 0  C’ * 7 C * /  . 19 1 7 1 1* 0 1
C112F2 .767o0.09 (020 .116777 .00,  CAl .I ’0001..00 (‘.3(1 .?2?T1_ ’CC. CC ’0 E .76*92.07
C09 .12706.0* ‘(1~ . 7 7 9 3 9 — C C ? (21? . 7 0 7 ” l — ’ B  ( 20*  .77519.1.15 ( 2 0*  . 6 3 59 0 . 0 5
C2IINO .131* 0— 12 (71.? .911 ,90— 03 (‘32 . ?7 13 * . C ,7 ( * 0 7  .51195.0* 1.7, .T16 9.01
CLF .14-606 .”, CL FO3  .37770 .39 CLII .0 1 9* 1 1.2 *  CII’C .3 0 3 0 3. 0 9  0130” .079 70 . 1 1
CLO .009 70—09 (102 . 0 * 0 0 0 4 . 5 7  CL7O . 3~~63 5.3*  I .4 4,’’I.,’3 11,0 .‘5#~~0— I lIN .14454— 07 1510 .37343.52 10 .1 1 7 0 6 7 — I l  1.20 .7*732.111 031o ,+*770.19
O .10666,00 ‘C . 0 0 0 * 3— 0*  ICC) .119’S— flS ‘C?’ .7” 0 6 0. .C0 .212 .1,011.111
+4240 .15007—AS )10l~? .090,3 .13 0 .4)070.’,,. 00 . 1 1 12 0 . 0 1 .  ‘ 0 2  . 0 9 0 7 1 . 5 9
‘020 .73372—03 00273 .11633.71. 1 2C ’ *  ,C,,7 1,2’ ~I. •PC.3 .* C,0 0 0  0 ‘.75195.74
OS .11500—21 £11207 .13 174—1 3 CCL* .93291 -oS  ( S C  .I,,l.IC .CC ’, COO ’. .1102177.23
11402 .4 102 9—21 (1402 ./3I1/8.OO 0 ? ,  . 1 9 3 01 - 12  0511 ,3  , ‘ ‘ I95 . 31 “‘ CC . 5 1 7 2 1 1 . 0 9
BEN .19090.04 11402 .61900.11 C O O S  . I ’ I 0 0 1 1 . 7*  ,1i’ I .12312.06 0442 .37019.57
1)02 .30567.19 IT S  .123111.711 (1*0 . 5 2 3 1 4 . 0 2  0,7,1.2 .29524. 0 5.  (CL’ .29201.10
F2I,2 .43 303—1 7 .2’,? .00978 .05 3(202* .570 051 .96  (C ,2 .1.’ ’ 0 ? . 0 5  C O O  .69290 .011
(IFS .51776—39 I’L l’ .057651 .1* 10, .7 1134.70 C / I~ .O0, - ’79_ ’0l 1 ,251  . 61 3 62 .0 2
C2C19 .2 1610—1* C2(16 . 2 0 9 * 7— 2 *  (201 .379 11 ’.”,. C2CL2 .779 16 .04 ( 7 0 C C  .111005.03
CHCL .R4~ 29.03 CIII .105179.04 (7137’ .6177.7-1’ 0 ) 0 1, . l ’ 9 5 T . 2 7  1, .11,699-09
CU .10953.05 42 .37122.01 02 _ 3 IC . *2 . I I  ‘“I .O 3 C ’ 7 0 . 0 7  C I  .77303 .0 9
C2113 .63320.00 (24). . 37*93 .09  1 3.) .7. l’ . , 0 ? — ’ C l  (l... .21,2OI , .’C /  (0,. 9 .0510 10 .03
C3HN .24 - N RO— 0 9 (375 .110675.051 C60 .‘.lO’C C - C l  ( 4 . 2  .113 1 1 7 , 0 2
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Sample Problem 2

The shockwave option of GASKET Is utilized in this problem. The surface material is made of

15% SiC/PG. The boundary l ayer edge state is specified as the stagnation condition behind a normal

shock wave with an upstream Mach number of two. The shock is assumed to exist in the divergent

section of a nozzle and , thus , conditions upstream of the shock are calculated via an isentropic

expansion from input ideal chamber conditions . Since the edge gases contain both hydrogen and oxy-

gen , all three kinetically -controlled surface reactions are possible. Two temperatures are input

for both the frozen edge and surface temperature arrays . Finally, the diffusion factors are updated

for 16 selected species .
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Listing of Input

1. 5O9’~2204flU 3901. 40.81 -2.0 4 8.02  0 .463 0.0 PMOP. 2
2 , .15
3 , ln ’i o ,
4 , 10.ui~.
C

6. 12 O .
7~a.

6
10. 1 HYflFo rsC ,Ft 1.11 00 3 ,22~~9
31 . 6 C A ~.* 0 ( , 7~ 12 .011 .“~o 4 ’ ~ C 1.0
12 . 7 11T~~’V~

’ 5 ’ ) ‘+ .O U 1  ~~~~~13. ~ ‘) X Y ( F 1 ~ 16 . 0
14 . 13 ~L 1Jt ’ I0 ” L’ ’ l  ,“E’ .4 C’

j 5 .  17 ChLG4I ’o !  ~5• LA~~ ,~
16. 1 0.0  — ‘s99~~. 0.0
17 . 16
3l3~ C C.691(OCH 0.7U920c.i-~4 O,9357flCt, 1,02670
19. CO 1. O I 7 O 1J C L �  1.2’911o0C.2o.2 1.1704 6’D’ 0.30180
20. ~‘4~ 0 .~~O~°3UC 42 O Q 7 7 C+q C)S 0.7493.111 0 0.9to,413
21, f~2 1.u2b?UC 0.73’37u07 1.t10flhI3 C ,~ 1.U�530
22 . 8
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Sample Problem 2 Output

GRaPHITE SIIRFACr KI4ETICS (0AS~ ET) PR0~ . 2 Oll000QsjO

RELAT1~~E. ELVMEKT.~L CO’IPCSITIONS, tITOI4IC ~TS/IJI’.IT F’ASS
AT.f~i0. EL I CIEI- ’T ATO TT IC ~T EL’6E fA S SURFACE

1 HYlROG~ N 1.00800 .0322205 •U0~~000O

~ CARH0~i 12,u1 100 ,005~4’~3 ,0~)~~ 0 U 0 O
7 ~J1 r n E ~J 14 .0O~.CO • ti05~~6(33 .0 0 00 0 0 0
8 OXY6Es, 1~~.000~ 0 •

l’j~ .24 p7~~ .0 0 0 0 0 0 0
13 ALUP”~1’~’ii J 26.9~ 000 • bJ1013(j 5 • 00 f l~b000
17 cI-Lo~ T~ f: 35.45600 .U053’~ 33 .0000000
14 S I L I C O r  28 . 0900 0 .0 0 6 06 0 0  .00 3 7 4 0 7

106 G~ APH1TE 12.01100 .0000000 .0745088

ELF~~CENT~ HYU~~)GEI~ CAR4flN NI THOr,E1 OxyGF6! ALUMT~~UN
CIILO8ItIE SILTCON GRAPHITE

EASE SPECIES 42 C02 AL~ ~~~ Al
CLII CH 3CL 3S Cli

0’.

‘4,,
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Sample Problem 2 Output (Continued)

C 
GAAP90TE 30014(0 • I I* FT0 CS I6A SCET) S0LUT1OII ICAC C C7. 7

DE R IV A T I V E  0000(1010 OCJ TI”,CT
CP—I002EII (P— (Q’J lI. O10*P’/OL’IT 5 1 0 0 5 1 / D L ’ , P  .11093

.9224- 11*00 .127010.01 — .01279,00 .49321.01 .11173.01

PROP ERTY OOI ’T 5 l ,C  OUTPUT lb ),IC. O 11SS,IT, S ( C . C ’ T U . I O ’ O C  075 —C l
OEMP 00107 (000CC 2,14 “F)

.70210,0’, . 6/ 9 3 0 —  CI .3 *6 9 9 — 0 4  . 2* 6 * 0 0 .0 5  . 7 0 7 53* f Q  .721111,00
OUt 1107 001.100 •T I L  (7701, I*T0L.

.73200,00 .19*37.02 .03303 ,02 .65193.14 • ‘Gl’ ?,A O .43301.0*

EL EMENTAL CC 0100 2 0409 IC1C(T004S 60 OT 0001 C “00’1)ER . . . . C 1 1 4 0 ) I  CC .41 7 7
1 0. 7 p 53 1? 0* II).

. 3 2* 7 0.01 .671135.01 .~~5 l 0 C ’ — ’ C O  . 3”fl”C. 0’ ,71352,Oo .1917’ .” .00 0 0 0  .I C C ’ . 7 7 ,

.15322,00 .11673.00 . 1 2 9 9 * * O O C  .2 6 7 7* . ” ”  .1 670 7 . 01 .203 1* . 1 0 .0 1 1 0 ”  .11 0 9 0 1 ’

10100106 70”(S
lT I’RATIO CIS 70 T I l E  • 9 . 77 7  9(7 .

C L O S E D  500Tr’I (50111001. ’~ SO IU T I ”  .~~0,’’.)

MASS CON0 ” IS EO/O * OO S Sf 0  , , 02 9 ? ? . O C ’
TEMP • 772 1 .0 00 0  0(5 CI . • 70111 .011 1 1 0  0 ’. ~~. /~ ESS • 69. 0 2 0 9 3  0 7 ’

.~ f l C  C C ’  ~‘ * 0 ,9) 1 (1010 0 71

E’J T A A L P Y  — “71,1 0” . 193 fl’ ,‘~ — .~~51?”Cl I’~~ .7*10 71 1 , 7
(0004000 — ‘ C C L / L ’ O ’~ CC,  1’ . 7C C  14’  . 0  • 4..LI. , , ,0”  .2,970 . 1

OEI. S 0 0 f  — 13 5 1 / IT S  .2’.S ’I*’.’l  .49 0 7 2 , 1 0
MOLECULAR .1(10111 0’ ,,CSOC ’  5 C , 7 91,70’. 0 7  b ,’7

CIOC III CAL 50*T (  C”  C IC). • 10L1 1*L15 I’ 10741, lO S  E” A S (  4 , 0 1 7 C ,  II’ S )  

SF107019 O C L I  ICC . SF1001” ‘“CC 7,C~ 001(1(1. C fl 1,o *9 . 11*0(0 1~ “l ’  I’’. ‘ l I 1 7 (

(07 . 1 1 7 0 6— 0 2  —? . 32 1 1 C ? ,’C !  ‘C / f l  . l 1 1 I’? .’~ ’l ( •  ,~ ‘ - ‘~~~ r ’ . —  . 1 1 1 0  O ,’r
Al. . 3 4 0* 9 — C ) ? A l .  . 1 , 2 7 85.06  (113(139 .0 00 * 1 .  ‘CC . I ’ C ’ ’. 00 ‘2 1’ ’ ‘.111.’’’’

C .618 16 — 0 7  (2 .1 2 0 , 3 . 1 1  09 .5153510.)’ 0” .b C u . ~~.’C ‘C’

CA L .19821.0* A LC I .30’,00.01 ALCL)O .50407. ”? 7 1 1 1 ?  .1 0 . 0 0 .1 1  I L C I  I .C7. O~~5. ’ O7
£1.11 .1179 85.0 ’  0 ””. .’ .26113”? ‘10 . 2 0 7 8 ’ .”1 A L . C 1 I ’  ..C l ’ 2 ’ .,00 .1~~ ” , 7 .~ C 5 1 2 . ’.
4120? .13169.0*  ( C L  .*018 5.00 ((1.11 .““‘? .0 2 0 .0,20 I C’ , 0. ‘ 00 1 ” ’.’l .1).*’3.16
CII .4629241*7 L 0C 13 .~~1A*3 .13 LOIS, .12077—0’, 71’ 1 .‘C 0 . O . 3 1 , ’,’O .43111. 0’.
(II? .20564.07 (17(17 . 62 5 1 6 9 — 1 1  (020 . 2 2 2 0 9 — 0 5 1  (* 7  .1210.1.2, ( ‘SOL .6 ’4101..011

(0)4 .21249.07 C” .4 1 0 74 — 7 6  072014 . 1 1 ? 0 0 — 0 1  ( 75.C’ C’ ,,“ ‘ 9. j ’C 1211 ? .I’.’O 1. 0 0

(‘302 .67079.17 C * 1 . ? S C  . 0 00 0 0  (41,2 .2 ,944.19 CL . 1 1 0 9 7 . 0 1  :11~” .1 90117.0*

CLIOSU! .000 r ’U (19” . 0 0 0 * 0 — 0 6  0710 •j9*67.74 d O ?  ..C - *SO.79 P 1 5 1  . 0 , 3 ( 0 0

(L 2 V 2S0  . 0 0 0 0 0  C L? ’  .507*? . , ’S  C L2 S 0 .00 410 0 7 L 3 ’ C . T  .O r 1 ( C *  “ 1 1 1 1 0 0  .0 3 1 ’ 0

I) .92 0’3.* I  I”C .949 39.04  110 .163112.35 -151 1 .0 2 0 0 7 0  ‘C?’. . I f O O ’~~~ 5~
020? .7 0 2 9 1 1 —0 6  *7’. .167311.04 “81*2 .4474 1.11 .1*91 ,C C ’ . , 01 I .111 1 0 0 4 — 0 1 1

“0 .14079 .0?  ‘ . 0 2  .1* 509 .06 “.91 .05000 “70. .2 7 .  7 2 . 06 ‘ 2 ( 5  .69209 .1*
0*20* .6 7 0 7 3 — 19  ‘,2C’ O .169115.72 3 .26379— 72 0510 .flC’ ’,CO ‘7517 .0 7 0 0 0

• OS .1 7 6 7 5— 0 9  C C (  .0 06 0 0  S O S  . 0 0 0* 0  9 0 3  .0,.000 ’CC “ C L”  .12* 00 .04
(LIlA? .17090.51 C O O  . 3 * 7 * 3 — 0 5  21*07 .26977.97 41173 .1’. 070 .11 0*’,” .30329.02
00? ~753l1.l3 0 .33  . 3 13 1 10 — T O  CC L? .I9’,26.19 C(L3 .‘CCC ’ ’,. C S  ‘.297 .715147.00

(01? .20294—09 (23 .1170274108 (2” .0 . 0 2 1 * 1 . 0 0  C C C I  .0 0 7 0 ?  C I I ?  .1 C C ’ ’

(29 .1)0606.10 (2511 .7 l~C 0 C ’ ‘. 0 * 0 7  ~ U . 0 C 3 , ,  ~2 (L ,  .. 191’ ,,? I “‘0 1 I’ .1,61 97 .79
A L 0 2  .30744 . 0’ C / C L ?  .711507 .73 (711(1, ,771,C, O . C 0  (‘C C  .0 9 1 0 1 . 2 *, “ L I O C  , 3 C 2 7 7
CL? .24 56 3.6*  ‘.2 .66527 .01  0C7 .7,4111’.llS 7’’ .1110 ,0 ,11. . 1 0 3 4 0 . 0 6
C2II3 .90614.11 C?*6 .C.2096.fS p3” .1,”CS”—l / CS”? .1 ‘,“‘ .C ,  ~~~~~ .l6i I— 19
(3011 .66975.16 ‘.7,’ ’ .2 3 2 , 7 — 1 5 1  (‘7 .2,007.76 ‘ 41.0,’ ‘ C O  .7111, - . . ‘“ “‘0

CSI• .01000 , , ,  ‘‘.,‘,‘ . . l,’ l , ’0 ’0 ‘ s ,,* I .O ,,. . 0 ’  ‘ - 7  O L ( L ’ • , ‘ 11 ’.. . ‘ ‘ ‘C , O
- 4L 2 05 9 0 .  . 0 0 0 0 0  C 7 0 , C. * . . IJ I C 0 0 0 IO ‘ C.S C S •  ,1 , C C I O CC S I .  n O r ’ ,,,, I~~,
0290. . 0 0 0f l U  0 0 ,  . 0 1 0 0 0  1.1110130, .L ’ C , ’

IF
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~~~pj e Problem 2 Output (Continued)

SRAPN0TC SUMPOCE KIN(T ICS I804 RCT I  POOR . 0 0000700.O n

OtMIVOT IV E PROPERTY OUTPC IT
CP.PROZEN CP.E4-UIL DL),R/OL’Ot ,CLIIO,(CL’Ip 6000,
.4-2357 .50 .134-66.01 ..902111.00 .93739—01 .15034401

PROPERTY ROUTINE OUTPUT IN L R— ’4 - S S . F Y . S E C . R T U . A ’ , n  015.R
TEMP V I SE CORD (COO P FR SC

.64-4-113.011 .4212 0— 011 .4-0769.03 .590*9 .03 .20 73 1)0 0 0  .72 1016 .00
RUG MU? 001.00 0151 (FOIL 0TI1~.724- 03*00 .19333.02 .32992.02  .4 4 9 6 CA . 0 4  .96501’TS .1,42001.08

ELEMENTAL I) AND MASS PRA CT IO OI S 07 0104-IC 11,119113 A19’3 0 . 4 1 0 1
3 6 7 8 13 0 7  0 11  106

.33870.07 .674-113—01 .74571— 01 . 35979~~1,,) .2 7 7 3 2 0 0 0  .19198.00 .000 00 .0000 0

.113311.00 .11629,00 .12943, 000 .2051.3.’.’ ’  .0-’7S~ —~~1 .203*7,5* .70010 0 .10000

SOLUTION 100(0 
-

11(0111045 . 4 T OOl ’  , 1.1*4 SEC.

CLOSED SYST EM CO U ! L I831 C O M SOLUTI ON O C C C T P U T

MASS CDN OFNS C D/ MA SS GAS • .7 20 2 100 0
T EMP • 604- 8.3399 DES 8. ‘ 3824 .6313 010 0 , 0*150 1 90 . 0 10 0 0  A T ”

GA O  C07000’00SEIO C000F73177
CNTH ALPY — 4 -TU/L OM .19 779 .0*  — .1157110 ’S ,  — . 7 0 0 7 3. 0 3
ENTROPY — 916/1,4-0 016 C) . 296* 6*05  . 97 3 7 3 ’ O D  .21277A 01
DC NSTTT — LOP/ PlO .153200 00 . ? 6 7 7 9 ’ O O
MOLECULAR ‘4 E IGAT 19 .12 33  101. 9610 3 32. 9920

CU(MIC4-L S T A T E 00011 PR . • MOL I’ CCC LE S / 100111 SUS PAA S I  RO L F C C , L ( 0 1 )  

SPECIES POL E FR . SFE(1(S I’OL€ II , SPECIEs ROLE 04-. SC ’ICTrO 11011 I’l~ SF((0IS POlE F4~(02 .663*6.0? Cl? .30914.02 92.1 .96994.91 C’ .00000 CLII .00510175
AL .38001.0? 11’, .3010*2 .20 (03C~ 35 .0*010 (0 .179110,207  (2112 .74104.09
C .4 2 7 7 6 — 0 7  (2 .3 4 ’ 9 C ) ’ T  1 C O  . 15 4 5 C C — i ’ .  (11 .9 79 4 3.0 1  C” .19300.23
CO L .9 1920— 09 A ICL .3 1651 6 —0 1 01(10 .600 ,41.02  IICL7 .07705.02 41(1’ . 13 3 9 5. 01
019 .42038 .03 7 LC ’ f l ?  .2 6 30 2 . 1 0 7  1* 0  .711*91.02 S L ? C L 6  .3 9/119.11 0,17” .1116’7.T2
0L202 .13719.511 CCC.  .2 50 7 2 . 00 1  C C L I  .327?0.’ , l  ((120 ,7*117’..Qq C C L ’  .30 9 7 1 .5 7
CR .26878.07 1 .01 0 .7 102 9.0*  Cl -’ .72 7 7 3 . 05  (0.0 .*1*97.)1, (“C .2979 6 .09
CM? 107511.07 (1,27,7 .21404.Il (‘~~(‘ .17917.95 (19 .911109.07 (1.3CC .242 13.09
(1111 .430 02.50 C’ .3111*3.06 C2AC.  .3 U7 ” 0 — U  (2,07 .0* 17 2.16 “70,’ .119777.11
(302 .229111—11 0 7 * 1 , 2 1 . 0  .000(3 L’A ’l� .5 ” 1 5 3 — ’ *  CL .25058.50 CL’O .1 51114.08
(LIC3SI .0 0 0 0 0  C C  00 .157,2.06 C19 . 12 9 , 0 1 . 1*  CLI32 .54063.419 (ISO .000102
CL20230 . 0 0 0 0 3  (1700 .215’ 3.09 (12010 .0 ) 0 0 0  CLOOS O .000*0 (1*50 .107(70
01 .10200.0” ll’I .436,80.74 1.0 . 0 7 3 7 9 — 7 0  l40( .00*00 427. .22 060_ C IA
0202 .6 0 106—0 6 ‘.9’, .991107.73 141.2 .1*79 0— 01 ‘1*51 .0 0 0 0 0  0, .414-53.011
NO .190.1.02 ‘.02 .1374-5.70. I S O  .40000 020 .17930.Q~ ‘.200 .3 7 0 1 7.5 *
32011 .314 0 7— 19  1 7 ( 3  .7/5199./5 C’ .31’o9.72 001 .00000 22511 .110000
03 . 166 .7— 09 90 . 0 0 0 0 0  512 .0 7 f l OA  513 .0 0 0 0 0  CCLO .89905.03
CL NO? .11 ’* R ll ,‘lOO . 07 *0 7 .03  C,O ’A 2 .715311— 07 .1503 .65512 .02  01,40 .3 0 3 0 8 . 02
1102 .14-717— 05 0 0 5  . 2 37 7 8 . 0 7  ((1,2 .9 9 7 0 1 , — S O  C C L 5  .3* 5* 0 . 1 3  ‘.25)? .5 6 0 ’ 0 .0 N
CR2 .03420.09 (20 .3 3 3 9 0— 0 0  (29 .1178*2 .09 CS I  .0 0 0 7 0  (512 .00002
CON .30356.1n C2S I  . 0 00 0 *  11S 12 .00700 C?CL* .771190.75 (7(1,11 .681113.30
ALO2 .3*469.09 C2(L2 .20061.011 (?9(L .929*11.01 (RCI, .10*4-1.30 CC.3SI .SRRPO
CLO .21 920— 5*  IA? .4-7684.01 02 .3097)1 .03 CIAO _958*7.Q7 003 .60614 -— A M - 0C2H3 .I93o9.j5 C7#6 .63183 .06 (SN .3 1 1 3 9 — 0 3  (3*2 .20307.1 11 (303 .26943.11
COH N ,~~S 2 o 7 — 1 7  (3A 9  .3 1* 3 0— 1 6  C’. ” .3 17331 .17  (11*2 .31091.10 A LC LO• .40080
CII. .000 0 0 (L4111.. .50010 (18*1,0,. .00 0 0 0  A L C L3 .  .0 0 0 04  ALIOR .03053
AL201SI. .00000 C10L4. .0 00 0*  51*500, .010000 11L~ .0000* •12000 .136701000201. .000 00  SI’ .000 00 4160135. .00000
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Sample Problem 2 Output (Continued)

GRAP HIT E 404-04-CE KINET ICS 140514(11 PROP. 2 50071 004- 00

DERIVATIVE PROPERY T OUTPUT
CP.PROZCN CP EOU1L DLNM/01,’IT DLNN/DLI*P SAMOA

.113067*00 .10503* 00  — .62 4 -10 . 0 0  .0 3 1 03 0 .0 1 , 11111’ O I

PROP ERTT MOC CT IR E OUTPUT 010 LB— PIASS . FT.S L C . RTU .A NO 0(0-V
TC 4-P VISE 1080 0810)1 FR SC
.54-04-5,46 .51753.011 .77229.0* .221198.02 .19013000 .72419,00

041 4-US P1011.01 VIOL (FTIL VIOL•

.?S 31 ’ AVO O .18514,02 .3 10303 ,0 2 .04259,0* .SARS6IOO .343*11.06

ELE MENTAL II AND 2 MASS PRACT 100AS 00 0100RIC NL2IAFR - . . . )6* 0C0  * .667)
1 11 7 0 13 17 1* 306

.001178—Il .674-53—01 .71170—01 .35978,00 .27532100 .19130.00 .000070 .00000

. 12227,00  .121.77,0 0 .13077,00  .266 77.00 .300*29 .01  .3 1199,00 . 0 0 00 0  . 0 0 000

SOLUTION T I F ES
IT(4-A IIOIA S 0 000) 1’ 2.1511 S((.

CLDS(0 00101(11 (RUILIORIU ’ SO’IOfjO ’ , I’,’ C I C IO C

MASS COOAOl ’ I ISE*/P A SS CI AS • . V V 1 * 1 . ’ O O
T(IIP . 5V39. ’4V42 CO(4 ,. .1 0791 .16C2 . 7 : ,  IC , - CC ’ 1.0 * 0.119553 ~ Y

010 C C 1.C’10,00 7 C C O I ” C S C T I
(101941,00 . 010/10’ , 1.62’” LU ..09 2 0 0 1 ,0 *  . .1097*. -
ENTROPY ‘ 011/11)0 DId. 0 .7)90*17’) .917141.00
0(109100 — LAP / ITO .2 ‘ 1 ,90 ,0 )
MOLECULAR A ( I 3V T  12 ,2 0 ) ’ 1 00 . 3 6 0 ,  3* . 3 0 ’ T

ABOV E 4- RE Y T A T I C  0007EA T I (S  ‘I.,1I41TI( * .7511 6 0 ’ 0 3  201  /11))’

A O L .  A .65011,0’. IT/SIC I C C ,  . . 2 711 5, 03  L011/ FT7SEC OIA C* II 2 . 0 2 0 0 0

C H E M I C A L  STATE C ’ LF 14 . * • ‘ O C  ,,LES / Y00,.L GUS 0*001 “00110 .7 

SPECIES POLE IC.. .SC ’ ” I C ’  0) - L I II . 001(01,51 00’ C 7’ IC’ , 4”0COFS 72l 0 11’ , 5101(115 0)011 II .

CO O .97216— 0 ’  02 .O’ lo0,00, C C ’ . ’  ,‘.0 0 ? 9 ’  C C ’  .C’~~~’ .” . d IR .13016 ,00
.10 2 3 3 — 0 2  01’ , O C ? 5 1 ”.”O “ ‘ ( 7 0 ’ . •, ‘ ‘ ‘ .  CC .1*1’0C’.0C (31’? . 34 1 106 . 00

C .2 2 0, 7 . 00  C C  . 3 * ” ,9.) 3 C . .‘ I C 1 0 5 — 1 7  7* .7 0 0 0 ? C ,?* C O .1124 -09 . 20

C A L  .194511—10 RLCL .1 110. 0 1  r , I C , ’ . C ” ’ . l. :2  1 0 , 1 2  .1 11 7 1 4 , 2 ?  OC (I’ .91I11~~~ 04

01* .66909.01 ‘C I ,’ ’ . 0 ’ ) . .7 . ’ C ’  C l ’  .0 ’ ’ O ,.,’I 0,01,, . 0 C 0 0 ” l . 0 1  (CC ? ’ . 2 2 5 0 6 — 0 1

0120? . 1 6 6 1 0— 0 0  C C I  .11 ,0, 00 .02 100 1’, . 91*C*. ’’. C r ’ . C C  - .I O L C / . l0 C C L ’  .979T’ 7 I9
Cl) .1062 00 .0M CV C L 3  .0016’A .lS C’.’. .1* 0 3 7 . 3 0  Cl” 7 .90172.37 C,.0 .507M1.O5

CII? .002136—09 CA 2CL? . 10 1 0 0 .1?  CI’? ’ .201.1 .2 ,90 .  (‘.0 .41 011,_ O R (*3CC . 17 6 9 3 — 10
CH’ .107956—09 (‘0 *0700.00 (214 .171?0’lI (71.11 ’ .50818.14 (20,? .12991.12

C3OD .021V 6—13 (1,.,.’ , )  .110’,:’. 1 ~ ‘.i’ .9 , 0 1 1.. ‘0 C L .19782.01 7100 .35802.05

CLVOI2  .U A 0 0 0  CL I,’O .10 ,’”1, .,7 C C I  . O 6R2 R.0 5  ( C C ?  . l ?R*6 . l0  ( ISO .30000
C L 2# 2 5 0  .A O O C ’ O C L 2 I ,  .115*1.10 C .70 C ,0 ’ ’ - ” o  CL II’S; .00* 00  (11157 .00000

H .A 0 4 9 9 — 01 1”. .20’.’,*.’5 .0 .2” I  7 0 ’ ’? 1101 .00 C ’ S I ~ 11211 .59304.04-
#202 .1 1 7 4 ) 0 4 — 0 7  ‘3’. .7 (1,01.03 C’. .? . 1 0 1 7 1 — 1 7  7451 .00000 I. .76693 .04
NO . 46 8 ( 6 .00  51~02 .90 0 3 1 . ( R  .51 . 0 2 0 0 0  ‘.?C .I’SRS .07 1,203 . 126 7 0—1 6
NOON . 2 6 1 49 0 — 2 2  ‘ . 779  . 1 0 1C 7 5 .7 6  . IC , 0* r ’ ’2  350 .O O C C O D  0250  . 0 0 0 7A

03 .116* 1— 11 SI .0 0 0 0 0  512 .0 0 0 0 0  503 .00000 (CLO .56994-—ON

CL1102 .03702— 13 #0*0 . 7 ( 0 * 1 . 0 6  *01CC? . 1 1 0 6 9 — O R  41.03 .74-0 13.13 4 - LA O .10207.00
1402 .10.000.06 0,03 .?3’,741’l” CCL? .4’A 739.I1 C d 3  .10604. 111 .2112 .7* 4 - OR— l I
CR? .36104-11 (20 .13460 . r l  (2, . 0 0 2 6 0 . 0 0  (SI .00000 (112 .000 f l 0

CO N • 551691.12 C/SI .0000’. ‘.S12 .00090 (2C111 .33771.23 (SCL6 _331126.43

OLD? .1197*4.09 C2( L2  .61 90 6 - 1 ’ )  C ? ” C i  .3 1f l* 6 .0 2  C*CL . 7 9 9 4 - 6. 00  CL2 S I .00000
C EO .1069 1— O N P02 ,7 1073. ’ 1 “ 2 . 9 3 1 1 7 — 0 *  (NO .7 3 1 0 2 . 04 -  113 .20755—10
C2R0 .19744— 13 (216 .19 1 0 0 — 1 1 1  C T ’ .  .7Y?051.19 (31*2 .106 12.56 C31) 3 .116 10—17
C3A11 30700’ 19  C S” )  .“011”’il (CI I . 5 1 ( 0 5. 7 0  (4,2 .006120.2 1 ALCL O11 .0 0 0 0 0
CS!. .0 00 3 0  C l., ’.C.. .00 0- C ’ 1,1. 0,.. .0:’ ‘ (C, OL(L9. .00000 AIN ’ . 0 T T ~~0

*L204 SO.  .00000  (31,11.  . 0 ) 2 ( 0  “ISIS’ .OC’flO *1. .00000 01003, .IS7KNITD

02S1. . 0 0 0 0 0  0 0 .  .0  CC ’,C ’, 0160135. .C, ’ l 0 0 0

CO.
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Sample Problem 2 Output (Continued)

GRAPHITE S04-06CE K I N E T I C S  ~0A1PET) FROM . 2 4001300.00

DDIVASIRE PROPERTT OUTPUT
111-0*02(11 CP-EAU IL OLNR/OINT 0LNM/ILNP SA MOA
.112886.00 .146911.31 — .95*79*00 .505112.00 .11133001

PROPERT Y RDCCTI#( OUTPUT IN L4 - .MA SS .1 ’T .S EC. R00 .AN0  000.11
C T EMP V IO C CORD 0089 09 Sd

.664-73,03 .60939—ON .62337—04 .67562-03 .20535,00 .73* 16,011
MUl 1102 MO L.WI 49001 (PIlL *011,’

.72372.00 .19211,02 .326*2 ,02 .67796,04 .966 040 00  .3*544*0*

0 (11904731 A AlOE 2 MASS FRACTIONS BY ATOMIC 0 00)010 . . . - I0A I ’ EK .667 )
1 6 7 8 13 17 511 106

.30 1 1 7 6 —A l  .67 4 - 0 3— 0 1  .75171—0 3 .35979.00 .27032,00 .19130,00 .0 0 0 0 0  .0 0 0 0 0

.153 33 .00 .11673,00 .3299300CC .28760*00 .69560.01 .20978,00 .00000 .70 0 00

O0LU TIOIC T IMES
ITPRAT 1ONS ‘ 6 T Il E  CC 1.442 SEC.

CLOSED SY STr O E4 -UILIBMII CM SOLUTION OUTPUT

6*01 CON170N010/ M6SS GAS • .73454*00

TEMP • 6607.260* 0(1. 9 . * 5 7 05 .5453  015 CC . PRESS • 22 .91400  300 )

GA S (5I159’IISECI COIII’OSOTl
CNT HILPY — RSU,LHII .39 533 *08 ..46 *2 0*0*  ..04259,n3
ENTROPY — RTI./LBM DOG R .3n291*01 .96300*00 .2195* 101
DEN SITY — L6 P/ 1T3 . 9 0 7 53 ” . !  .0 0 0 0 9 * 0 0

ROL EC UL IR WE I G HT 19 .9163 101. 91. 00 ’ )  32.0417

HILO • .1760*73 FT/ S IC MA CCC ? • .32409 IVETA 2 * .0110050 III.

A BOV E 661 O Y A 1 I C  (O NSITIO N0 O01,NSCCIII’A lI UP TIlE SVOCV FOV
VEIl .6130011 PT/SEC * 1 — S T A T I C  A — .195.0’ IT IC/ L0 ’0)  0.100 , ..7I5~~55 ITC . / L ’9

PS • 5,119593 AT M 84)0 0 * .4*2CCS.21 1,10/ITS ICCE T A 1 * _ A C C O O L C C ,  C O O.

ST A T I C  C HEMICA L S T A T E  08511  F9 .~ f l0C O CC I LLS / 000 T A L  C,*S 02* 54 P I 0 CL O C * L IS ) . . .

SPECIES POLE FR . 011d b 01,11 ‘C). SPE(II~ 
C C O L C  1* . 0 1 1 ( 0(7  11011 III . SPICIO S I”CLE rq _

COO .65572.02 *5 .311’.’,,’ 020 .9’574*. .C I (~ .O1 C~ 0* CLV .171*6,90

AL .00 064—02 6101 .5471 5.01* (V S C L S S  .11)11)00 CC’ .17191,00 (‘ 21,7 .7*6RC—09

C ,25528—0 7 C? . 1 1 ) 0 0 *_ T I  C S .361*6 .15 (11 .12391.21 CS .12056 .29

CAL .112~ 95’09 ALCL .51215—01 GL(LU .0 3/ 6 5. 02  4L(L? .7594V.U2 40(10 .93503.011

LIII _ 3 115f.6.05 41*02 .24193.0? A LU .73090 . 2 R1/(If .27 0 0 0 . 03  0LAC’ .13?’0.S2
ALSO? .15214.0* (CL .11574.00 (CL). .161176,07 Cr100) .3845 1.09 C C I ”  .1*001.17

C* .13112.07 CN(Ii .21,92.11, (CCCI •R C,l,511. CC ’O COl E .22391.06 (C’C . 1 91 9 0. 0 1 1

C1C2 .06012.06 (02(1? .72175.1? (*70 .71 6*5-16 (13 .2/313.07 (03CC .1365’4-IO

C’43 .319(4.09 C,, .2 96 7 1 — 0 6  (7141 .0.7* 07— 00 C3I’.~ 
.15o19.18. (01.0 .05330.11

C30? .70535—I?  (41’2S1 .00000 C *‘I2 .06013 ,70 CL ,2715U.71 (1*0 ~35705.3*

(1*351 .4 0000 C L O C ’  .107*3 .96  I_ ICC .0 ’ 2 / 2 .7’ .  Cl , .?  .20 199.09 (1,50 .0 00 7 )
CLSIO 2S ! .00*00 (120 .120U7”C9 IL/SI . I’C’ ’ C ” C 7 * 7 1 1 . 0  . IIC C ICO C (1*00 .o o O f l o
0 .1119*3, 00 •0, .3100’.’. 0 8 * ’) • j 7 7 I~00 , C ’ )  111.1 .00’, ”’ ‘O N .l*6 ’9’f l 4

042)02 .I.A*92 .O6 *3~ .57**3 . n01 C - C l ’ ,? .* ‘ ,7’O’ I/ 11951 .D f l0 0 0  I •35543.OI.

NO .13603.0? 01CC ? . 1 0 2 0 7 — 0 6  0 , 0 0  .u 0 C C ~ ’0- ‘02 1 .12514.06 0.203 .190115~ 5*
145011 .11272.19 ~‘2YS .~~CC1177—?1 0 .3*’C”’’~ 

351 .00000 0290 .00000

03 .119,3.011 SI .1 0*5 0*  5 0 2  .0,C~~’0) SI’  .OIIC CI’ U ((10 .9119*3.05
CL NO2 .6 30* 9 — 12  0001’ .13261—00 II’ 3? .1 0 l* ~~~ 7 o O C ’ S  . 3 0 1 0 0 . 1 2  OL ’O . 29 0 ’ R . 02

4902 .011422.05 N03 .ISS’IV—T2 CCL? .40636.00 CrL 5 .11994.17 ‘2100 .72596.09

CR2 .55104.53 C2 O . 1 4 - 7 1 6 — O R  17’ .13015.09 (ST .0 0 0 0 *  ( 5 0 2  ,O9QflU

CON .1)1102.10 C2SI .001.00 0 5 0 2  . UO I’ f l U  C2C LII .17319.21 (2(16 .57*82 .31

4-LOS .32283.03 C2CL2 .81001-1* C?V (L .23981.11 (HCL .79 )124 .39  (1350  . 0 0 00 3

CL? .16137.011 1,0 .673*1.01 02 .40 14I’.CC3 (P.O .53874.07 113 .301611.09

12H3 ,33194-’ 12 C20’8. .4-6900 .17 (3C I .60720.00 ~3o2 .96974.15 (3*7 .596114.16

(lAIN .11397.17 C3* 5 .302 16 .0 ’  (‘II .311151 ,0* C4*? .35001.19 ALCLS. .00005

CI!. .00000 (11*41,. .000f lU  (101.0,0’,. .0 0 0 0 0  A L C L O .  .7 00 0 0  RIN. .0 0 0 0 3

8120300. .00000 (381*. .00)100 l’*SI3’ .O)C OCI C’ A L ’  .0000 0  812 105. .03690*00

0~ SO. .00000 SI’ . O )C 000  A L6015 S .  .0 0 0 0 0

— - ‘!

‘.4
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Samp] e Prob’em 2 Output (Continued)

GRAPHITE SURFACE KINETICS I6A SAETI SOLUTION P90G. 2

DERIVATIVE PROPERTY OUTPUT
CP— FR0 01N CP-(HUIL OLNM/D L000 0139/01110 GAMMA
.113196*00 .1*901*01 ..979I5.DD .S7 sO5.01 .11057*01

PROPERTY ROIJT !l.( OUTPUT IN L A — M A S I . F T . S E C . F T U . B 1 1 0 7  314.40

TEMP RISC CONS 0069 PR SC
.6?695AO* .6135 1— 0* .4-29* l— I ’ l  .59 2 6 1 — 0 3  . 2074 1000  .72*1 9* 0 0

1101 9*2 MO L. 4-T IITIL CFTIL HTIL’

.72 331.00 .19255.02 .32735.02 .64- 549,011 .96296*00 .*5S*2•0~

ELEMENTAL CC AND 2 M*SS FRACTIONS BY A T O M I C  l UMBER - . . . 1K6110 ’O 11 .667)
I 6 7 4- 13 17 13 106

.32476.01 .67633—03 .75171 01 .39979,00 .27332.20 .1913R*OO .00030 .ODC’ T C’

.113911.00 .11600*00 .12912,70 .26951*00 .68365—ni  .233*6 *0,)  . 0 0 7 Y O  .00 0 0 0

SOLUTION TOMES
ITERATIONS • 3 TIMI CC .9511 SOC.

CLOSED SYSTEM EGUIL IBRIIC’l SOLCC TOON ICCCTFIJ T

MASS CONICC’ NS E D / M A T S  675 7 .70300*00
TEMP * 676 9.48*5 0(0 II. o 3 760 . 02 116 SIC, CC.  PRISS • 26.66999 870

GA S (01,01101(0 COMPOSITE
ENT*ALPY — 900/IVY •59907*0* ._ 1141NO*O11 ..7RO73003

ENT0007 — 911/1*11 0(4 ‘1 .30109*01 .96RO3 * 00 .2 15 34 CC0 1
OL IO S000 — LA P / F T 3  .SC ,2 * M * UO .1765**OO
MOLECULAR AlIGHT 18.9900 101.9600 32.73012

*4-DUE ARE TSLSYH OP0C 0TAG IC *Tl 0P0 CO0,TIY10 1” S C I O W C C Y 7 H F * 1 1  OF 171 SVOC.H 1011

CCC L 1 * .61370’l FT/SEC *S.S’T,T IC • — .153*0’ F T I C / L * M  V.701 • ..7 H1.OS )IT’C/LIC

P1 * 9.09553 AlP’ p001 * .4 1 1 2 2 3 — C ’ S LOP/IT ’ TIIFTA I . 0 00 20 0  0)15

OSLO. ‘COOS. (10(01(01 STSTE 1011 F,.,P’Ul ,LCC ’ )  (5 / T O T A L  GAS PV C C S L  P’OL I(CCL EU) ..
SPICIES 0)010 1,0. S P EC I E O  1101,( 1* . O P E C T I S  ROLl FR . SPIC I lY Il’~LC I C , ‘.01(7(7 0)011 1* .

(02 .66 2 114 —0 2 V? .3101114 .100 *20 .96 757 ’O l  C. .0’ ‘ ‘ 0  1 CL* .00*’T .01

41 .41177—02 AL’ , .*S753.96 (*3(4301 .1111000 (0 0’.70 ,C 0 0  (20 /  . 0 1 l ? 9 0 ’ C C 9

.31 I62’07  (4 . 1 65 15— IS  (S .O S 1 YV ’ l ’3 (I .40 170 .20  C’ .251211 .201

(A l  .5 7 6 0 3 —0 9  41(1 . 32058 .0 1  AICLIC .6041 14.92  VIII? .71700. 02 “ 1 ( 0 7  .99 , 05 — 0 8

0110 .34-606—03 UL’02 .26395.00 610 .265810.0? 412CC 6 .32 037 .51 *L ?C _ 50975.T2

01202 .11972.0*  (CL .14*13.03 ((IN .0,742.07 C(L?’C • .‘C~~05 . C’) C C L ”  .1141100.17

(I) .16502.07 C*(13 .211*23.14 (“N .116060.00 7111.0 .259’)C.1’~, ‘*0 _ 7 5 7 6 9 _ S *

(‘C? .57?96—D’ C’2CL? .4 09 02— S O C O O S  • 37 766. 11 007 /7*1 5. , ,Y  (* 3 C C  .106 1 1.Y9

(11* .30127’S’ CI. .55097 .06 (5011 .90729.00 ( 2 00 ’  .?1,’S’.IG C? 5 ?  .23212. 11

(302 .9*123’S? (4*201 .UIflOA (*01? .6 1 2 1 7— / S 01 • 2 C I ) 0 ,0 1 “L” ,~~/9I1,.2*

(LAS SO .00000 (1110) .17094.06 (LU .IVC CSO C’4 (II’? .71 107.29 (ISO .20173

C15H2S0 .0 0 0 0 0  (120 .59 714 —1 ,9 rL2SI . A / 0 0 0  CC 3Cll I ~~~~~~~ C L 1 1 SI

O .11051*00 *0 .56557.2* *0 .163611.00 ‘C O C .,I” I  IC ’ o2 ’ , .05605.011

‘202 .4R26CC.06 1,3’, .646?5 fl5 *110,2 .54697 .12  0*)) • C”” )4 0

‘00 .15772.0’ 0(2 .I2141.fl6 ‘ ,Ol .C C C ’ C C O O ‘,‘ ,‘) .1’ 5 5 , , . , C6  C O CI  .2 0 0 02 . 1 ”

00254 .18551—19 0 ,4C) O .511535— 23 C .9 7 ,”?.,’ .’ 751 .1(’,U,’ 0)7010 .1 0 0 ’ ’7

03 ~55575.OR SI  , O C ’ T T O  S12 .0~00100 S I T  .0 0 0 *4  ((10 . 60 1’ S . 1 0 5

d NA? .1427* 5 .12  )C 1*  .224A 6—OS *002 .II,’I11.,C7 .1’ (3 .1157 ‘‘1.12 0100 .300’ S — S O

402 .17209.001 1*03 .3875*’ !? CCL O .5 9 7 9 9.0 1  ((15 , )5 5 ? * _ 1 5  ‘2 ’,? .90 7 0 10 .09

(92 .75735.10 (21 .1,641.00 (pH .19A65.CCO CS ! .000000 C O O ?  .00000

(21. _5 3 5oU .53  (750 .001)00 0.01 12 .110)000 (2(10 .00202.21 (0(16 .10207.30

11102 .36*95—IS C2 C O L 2  .1071)9.13 C0”I’L .37~ 6P•l1 (“CL .1),0110.A4 ‘L SSI .0000*

CL? .19506—0 11 I’S .66”7O 01 (CO .44’5*.O5 (0-1 .6,294.07 .3 .303112.39

C233 .1111059—1 2 C2*6 .12957-10 . 13CC .97754.1* 7” ?  .30* 08 .15 (90 5 .40695 .16
C51411 .17632.17 C3IC O) .69639.17 (4* .6*057—1* (11,.? .575)13.19 01(1)’ . 0 0 5 ” O

CS!. .00000 CLI.*N’ .S 0 C 0Y0 (104110*0 .0 001) 0 *1(1” .0 0 0 0 0  0 10 7  .0 00 70

*1200101. .00000 (SA L” ’  .0 00 1) 0 ‘4 11S 130 .0 0 0 0 0  AL ’  .0’000 *1205’ . 1 97 , 2* 00

02 010 .00000 SO ’  .001’OO A L 6 O I 3S O  .070 1’S
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S•le Probl• 2 Output (Continued) 

.. APttlft IUIIFArt •loot:TICS IGASUTI 
IINAfl V' CI,,UIION ,.UO .. 

-Cill OI''UIION htloO 
CCII l.lttoo 
" ' .11910 Mao ·''••o 
CO l.OI?OV c,..a •. u••• 
c ...... 
u 1.onn 
c.. , llt920 
(Mil , 95510 
CN 1,01670 
" ,!0110 
~ . , .. ,,o 
"0 . '19Al0 
0 .719?0 
"" 1.12610 
01 t . 00000 

DC•IVATIVt ra"''"" out~ut 
t•4tll01f" CP•[QIJ il 0 1 h"/0l f4T rll P;I'l/DI, ,jP 

.1.?11+00 •• ae,,&+OZ •,S,Sii•Ol ,ffO .. \J••tt t 

lltiOfi, I 

"OPr.tllfY tiiOuTihl 0U1PU1 I~ LM•fiiA$S,J'f,S( C•PTU•AM' urG• ft 
rr,.. vue CO"'O Uttat. .... 

.a•eoo.o• .11!?5·041 , 22J .. ! ... Oft , .. :.IOO•'Ht , 2 .. '11Jfi+OO 
"Ut "U2 ,.OleW T Mlll rPfiL 

• ,., .. o.oo ·'""''•!J2 , , ::!7.5~+0 2 ,l.Sll!!.+Ott ,&f,7.5<i+ OO 

sc 
• ,, .. o •• oo 

h tlL• 
,,.777+0 3 

fL("': .. fiL " afl!C l "ISS r•acuur4S Bl I .TO"'ll v uflta.r• . , , , , Cb M"F• • ,ftlt71 
l • ' f 1 ! 11 

,.11•71•01 ,618~!·01 ,1~171•01 .~~'71.,+ 0f' ,.17 ~.1ih OU ,tttt.5a,+ OO 
,.,.,,,..a , ,111'06•0" .1!0'7 \ •Pn ,it'Jt ! .. •nn ·'"•~·•·n1 ·'1'!-'l'•ro 

,. 
. nu01C' 
,UIJ00f) 

IOL.UTIOJII TJ ptF,:!I: 
ura.n ro•~s • TJPlr : 

CL.OIIEO SYST£" tGUILJ"'IItl ll ... ~nl ul J C'Ih tHo f~u1 

'"55 CO .. Ur'tS(0/1A~S b Ai : 
T(IIIP :r l#IOO.UOOO U[G ~ . 

E•THILP'Y • I'TU/LR"' 
(f!IT .. OPT • ttTL/Lttf'l O£G ft 
ot~SI1Y • LO.IfTS 
f'OL[CL•lllll .. (I&HT 

• 71!f'n• O" 
aoou . oouo t Er. "· 

••• 
• • 2!!!'7 i ttH I! 
·'"2 .51•0 1 
• .sn~~tS•ua 
•• • q .. ~Q 

cnr~ot ~scu 

•.lo?Jcttt• O~t 

•"~' ~o• no 

t n h f-IJS I T( 

··1'''"•"" 
.1 ~8:\~•01 
. b~fiO,•QO 

! Z. J .\!'2 

(H[ .. ICAL ~TAl( C"fiL( rq . a P'OL(L tJL[~ I T0 1 AL G A~ Pt .a s r •lfiLL('• tl.l S 1. • • • • 

Sl'((l£5 
co, 
IL 
c 
Cll 
ILM 
lU02 
CM 
CM1 
tHO 

C!02 
(LM551 
CL7~'St • .. 
.. ~n2 

•• ,,,0. 
OS 
CLNO' ... , 
CN2 
CZN 
ILOI 
cu 
ClMS 
C!Mft 
CSI• 
ILIOSSh 
OZSh 

"0Ll ~q.· 
,ft62•-·0' 
.tttl ?7·07 
.J1 142-0? 

·'''~5-u• .,.,., ... o~ 
.15912•011 
• 16!02•U? 
.511.!6•0• 
• 51125·0" 
·••&2.9·1' 
.onoou 
.ooooo 
.UO!'••On 
·•11fti·06 

·'''''-•0~' .... ~~···· .1!5>1·0• 
.127•5·1' 
.1'72.?5-05 
• 'Pt JJ~-1 0 
.1J!••·l(l 
.J.llt!S•O! 
.19006•1.111 ····1···' .17•t2·1' 
.ooono 
.ooooo 
.000110 

5 P£CU!::: 
~~ 

ll N 

C2 
ALt'l 
Altt0 2 
CCl 
C"'CLJ 
C~ CCL ' 

c' 
( "t<~.,S I 

Cl "'O 
Cl _.C' 
ttl\' ... .!,, 
•a? 
"~' ()., 
S l 
... u 
r..o~ 
C2 0 
CC~I 
t 1 CL2 
N2 
C2H" 
C!t·~ 

Clto~N• 

(.SAL II• 
S ! • 

foi\J l [. .... . 

. :u~ .. ··"o 
• • 1?'!1-'•0 f. 
••• • ,,_1 1 
. !20!- 't• UI 
. 2f.1'1'•tt7 

· '""' ' J•ne . tt e• ol-1• 
.()UC0Ul •17 • .5~(1 ., .,_,, 

. t.~o r.ou 

. 1 2 0 '7"-0 " 

.1 ~'71 .. • l" 't 

.~tJ1 ! 7-Ufl 

..... ~,. .S- 1) !> 

• l ? t t,l-r- .. 
.) .. O, j!).,, 

, UO(I n tl 

· 22"u' · ~"~ ' 
• Jd ~ .. ., _, ., ., ....... ,~ 
.li(HJ Otl 
. t U• t) 'f• 1 1 
. ~t6'1'JitJ -0 1 
·12"~'·1 6-
. .. 'if.! '1-t 7 
. uo o .,o 
.r.flcno 
. U0•1111l 

!-.PLC'I C!' 
• 20 
Cw~CL!S 
n 
II.L CL n 
• Lo 
CCLII 
( Iott i 

{ k 2 () 

( 2 1-1111 , .. ,.~ 
CL'' 
C' Li'!' l 

•• ~ttt> 

' ·S I ,, 
'-12 
.. ,..0 2 
CCL il' 
C2 • 
L S I ;:t 
( il' t<i( l 
~2 

,. .. 
CL"'""'U"• 
'I'~ Sl5 • 
ALbOl.S!t• 

" ULr ~ "4. ... ,. .,~,_,, , 

. UDIJ"U 
·"! t 08·t ~ 
. 6 ... 1.•112 
•;:t" CJ" O• O? 
• , ., 7, ,•07 
.• f-?ft ll'·n~ 

• • l ;;tb tt • r•ft 
• .,. '2"1-J~ .... ,., ..,_,, 
. 1 •0~2 -0 .. 
• UDOOO 
., .. , ,. .. . ca 
• ., ,..lf7 - 12 
• uu c~oo 

• ;\7 0.,, · 0 ' 
. uo ,oo 
• 11· ~ 1 1·0 7 .... n,.,-. .. ,o 
.1 '1"'6.!- n"' 
. t.Hi n OO 
.~1"\f.Jo-\ l 
• ""'"~~ 1.1 · 11 .5 
."f7 7 S .. -1 .. 
. f-'. 0 5 7--18 
. 00t) 00 
• •• nnc.t.. 
, orO 'H' 
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SPil trs 
co 
co 
c• 
~LCL ;:t 

IL6<Clf· 
CCLiln 
, .. , (J 

t•) 
C2"""' 
Cl 
Cl 0 2 
CL.! .. St 
14$ 1 

~"S I 
\ 2" 
OS I 
su ...... ..,, 
CCL5 
est 
C2 L l" 
~W('l 

~t. (:o 

C5..,2 , ..... ., 
UCL'• ... 

\ l' foo 
. oo unu 
,IIU UOII 

fl'nu: ' "'• .onoou 
. t?§2 ?•110 
.zt l 72.1.1 • ,,,, •• o, 
.32 0.58-11 
.-.~o r.s-u• 
.z-.•~~· "'­
. 2.,.•f. J.o7 
. 2~0'1P.l6 

. ;:t.SllJ.o1 
• .Stt!o'"·o• 
. UI'IO OLI 
. OOtt UU 
. oouuu ., .. .,.,u ... o• 
• oooou 
. onoo1.1 
. -.'io79.t2 
·' "'~118-l, 
. onoo o 
.19Z82 ·l1 
.l0 01t2.U._ 

· '"1~~t ... u7 
. ,~ ....... , ~ 
... 'P58J-t9 
.uoooo 
. 0 0(1 00 

~F>lrt£~ 

Cl" 
r;,.., 
c~ 
fl lCL • 
AU!O 
CCL* 
cwo 
r ••.5Cl c,,., 
(l h 0 

t LSt 
CLII S f 

"'~ 
" .,,o, 
0251 
r' C' LO 
ILHO 
~1~1 

CS I> 
r. ,.C lft 
Cl.tq ,,, 
C.)".S 
IL(lft• 
u~· 
AL?l'! • 

"' Lr ,. • • 
· •'~••o-nt 
.nz••· o• 
.211'i·2~ 
.9'l?I'IS•~'• 

.U9"S·02: 

.111>0•1' 

.21 '"'•041 

. to6ts-o• 

. 1.011 o-11 

.12''"·0• 

. 000 1" !) 

. 0 00111 0 

·'"•'•-o• 
· '''"0- 0ft 
.2111 ,_, • 
.00 01'10 
·••nt.o~ 
.JOO.,t•OI 
.,ot•o-1'19 
.OOOft O 
.10207-30 
• 0 0000 
.sU•l·0 9 

··~~··•-t• . ooono 
.0001'10 
• 1 , • .,,.oo 



,. 

S•le Probl• 2 Output (Continued) 

........ , ... "''fi'C OUTPUT 
VIIC ......... .n ...... ..,. -.... , ... . ........ 

1N Lll•fi!AIIel'f ,.[C tMTUelll('l 
COIIID UUO ......... . ... ,.,.o .. 

flk, .. , ..... .. 
,1\tt'lhOI •,l1,11tln•OIIt 

or~~t•M 

•• 
• J9!1t&•an 

CPYIL 

·'"'"'''' 

sc 
• 72•~7•n" 
HftL• 

•• ,J~~o.o• 

~ ..... AtiO I •aSS ~--ACftOfiiS I'Y AfO"lC NIJ"tt£• , , , , tGI .. [I a .... 71 
l • 1 • " 11 ,. 

,._ ... , ,lll61•eet ,U07l•On ,2ctD12'tftO ,98S~1.nt ,4t00)5+UIJ 
•MI•••t el&I09•10 elS07J+00 ,z"f•S••Ot'l ,£•tt•~·nl .21l7St+DO 

•• , •• , ... o!l 
...... 02·0~ 

""'"' .. n..:s lftUfiOIII o l9 

INII IQffll CICIIICOI. •l"lfiU SOLUfln~ OUtPUT 

IUWACI II IIC/H 
-• TOA-to CotFFICIFOiT oouc• • .•uooooo 
..... v wM.LI•MC£ ut: c• • ...... ., •• ,". M•Ht't 11 

ITAtt Ao.IACtiiT TO Toot: IUOFAC[ • • • • 
Tl .. a lt6e,OOIO 0(5 If • 12GO,Oft01'J Ol~ ft 

l"fMAt,Y • •tU/LA,. 
tllf-T • 8 Tl>/LII" OU 0 
GriiiiTT • L""IFU 
1101.rcuuo llfl&toT 

G._ 
., ~~~i' !t+Olt 

.zr017•Dt 

.-.~l',9• !JO 

2~.88ttll! 

TtHr z 

PP£4\S • 

cn~fl"''Sf CS 
.~1'0('0 

.onooo 

.oooo 

lilT ••-.••r ••Tl or I(J,..CTit•LLT co' ' '"'OLLLD ot.rtTC\*"40 

"·"'"' 5£[. 

(C'I!fio!P0~ 1 l £ 
•• \')"'l;.o .... (l .. 

, oot•n" 
.•.S15.,.•nu 
2).111-tltJ 

ClitOl.[S OF tt(ACTtO•• I IINIT SltAf:AC[ IPt• I fl l1r I PwnL ll[ r"•• 
&• .,tt5•l·O• 2a .l181'1•U5 .h: .lU.$0 .. •l n It~ .<I!J Ol'f•i"~ ~: .16"71-fl61 
6• ... Y.\•26 1• .60tt2?•3l 8: .~08!4•Jit 

ltAfiO M ~O••aAO TO lt[V~ctSr ICI ' •rTlCALL• CIJ~UtOLLr",.. p&~t'-'IVCTtO' o r fJ ~ 
1• .JIII•+Ol 2• .578"&•01 _,. .1Delt,•02 tt: .!.ttP•o•nt '): .l , flll&•U1 
6• .5,ST,•D2 7• .•1'075•0" 8: .J!)l &c.t - Ob 

CMl .. lt•L STITl IO.JIC(NT Tf) t"( SUR~tr[ 
UIOL[ ,. I'O• Gl$[11; a •,LrC ttl(~ I t n fAL (;A ~ l'tOLrruu!) , 
CfltOLt Flit I'Oit COf4Df"frC~[" • f'P" t•r C' ' ... C[ NSt 0 t • 

S~CI[~ 
co, 
AL 
c 
CAL 
ALM 
auoz 

'" Clll , ... 
CIOI 
CI.MJII , .. ,..,., 
" MIOI 

""' -Ol 
CLIIOI 
MOl 
Clll 
Cltl 
1&.02 
CLI 
CtMI r-

.. OL£ ~-. 
.•o•7•-ot 
.21"~-·· 
·' ~6('10·2• 
• 141t-78•21' 
,5!0~~-13 

.28••5-1!) 

.51642•21 

.z•••!-1~ 

. 2 Z!'•2•Dt _,,.,,_., 

.1!8418•0!' 
•• , •••• o, 
• z•"oo ... o7 . ,., ..... . 
.a•ua-11 
• ooono 
.~no•-3• 
.!0891•31 
.au~~-zo 
• '7•c.o-z" .. .,.,_,~ 
.non-a! 
.U!a!-12 
.~0928•11 . ,, ... ,.u 

SPlr. lt '­
"~ 
6L N 
C> 
"LCL 
ALMn2 
CCL 
C,.tl3 
C..,?CL? 

(IIW?S t 
CL~O 

CL10 

~·· .. 3 .. 
~02 

~20' 
Sl 
f1'10 
NO! 
C20 
C25 1 
C2Cl2 
"2 
C2M~ 

C! .. ~ 

.,Vlt. Jk • 
... ~~02HIO 
.20., .... ,1 
.l!t ... "l·l" 
.~7.Sf.'f•0" ., .. , ,.,.rfl 
.21,. .. ~_.,, 
.•2!-.. 0·1~ 
.t27'!1lt•1 2 
.41!' ... , •• ,~ 

. .,,~~ '·1~ .... " .. ., .. ,, 

.23M•l•i'7 ... a,.,.,., .. . .... ,. .. .,.n, 

.25~,., • .,, 
• ouono 
• .,e,.,..u-t e 
.1~1-fl'- 15 

.~&j.., J- 57 

. )2\~tl-\f. 

.t.6b t tl - ),! 
• .sn5 '.0 · 110 
.to'"t- • nn 
.zl~ JI·O~ 

.~f'l•1 2 - f19 

~~;.,Lr JL S .. .,, 
rw.SCL.!~ 

r1 
AI.Clr 
'LO 
rcL "'4 
CW4 
r~e2o 

(. ?•HI 

r11 •~1 

(lU 
Cl ;t!"t 

.... ,.2 
• 5 1 
0 
5 12 
-.. ... u 2 
CC L' 
t>• 
· ·~f 2 

C?"Cl 
Ul 
c~·· 
r ~o ·• 

'"0 Ll t•. 
., .. , · ·~•1"10 
.21 ,,,.n_ 
... , .... c • .,, 
.t!'-ft2l•f1 .. 
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Sample Problem 3

In this problem , all options which require the input of thermophysical properties are utilized.

The surface material option of carbon/carbon 901 is used. The edge thermodynami c state (2805.81°K

and 12.778 atm) is Input directly. Diffusion factors for 16 selected species are input. Preexponen-

tial factors, acti vation energies , and temperature exponents are input for each of the eight poss1b~e

kinetically controlled reactions , and inhibiting coefficients are input only for the three oxidation

reactions. Finally, two frozen-edge temperatures and two surface temperatures are input to be used

In lieu of the corresponding built-in temperature arrays.
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3048 . —51i’S99+’4 6511475+0’ 256228+2 314700~~04—9501455,6 118723+3 2500. 60(70,1 — 0 .CLFO4*
.5049. 1 17 3 9 0 0 U ‘1 0 (I 0 0 0 OJANA F TAPE 7/71 9/65 CLF3
350. _37Q4’49+S 521236+4* 197523+2 l4(7014U14—4—5019’o7+6 1101408+3 500). 2500.1 —0 ,CLF3
351. —37 90.94+0- 4*211.7 (7+5 198439+2 425666—5—1437256+6 110406+3 2500, 6000.1 —0.CLF3 —

352, 1 9 (1 0 (1 II U I) 41 9 C) 0 0 ()JANAF TAPE 7/71 9/65 F
553 . t8~~4*9’S+

0-- 1367#½’~+5 503772+1—250 79—04 67589R’oS 497896+2 500. 2500.1 0.F 
—

3(704 , t8~~t’9~~+0’ 136820+5 0498358 + 1—2298 8 1— 5 511 65+5 1497907+2 2500.  1-000.1  — 0 . 0 -  5

34*5. 1 9 1 1 1 M U o o o 0 0 0 OJANAF TAPE: 7/71 9/65 FHO
356. —3 0 °499+5  324 127+5  1(19339+2 9 5 5969—3— 54 *0539 +6  794 6 0 + 2  4 * 0 0 ,  2500 .1  0.FHO
4*5 7 , .3OD ’99~~+ 0’ 32324 a+5  14*4249 +2 6 9 8 7 2 5 — 0 4 — 2 2 7 1~~0+7 793749+2 7~~99 , 0- 0(7(1.1 — 0 . 0 - H O
558. 1 9 1 7 0 0 0 0 0 0 0 0 0 OJAN A F TAPE:  7/71 6/65 0-N
5’9, 594995+4* 237722,5 8704469 +1 j7 (0 15—3—24 1277+6 7097604+2 500.  2 5 0 0 . 1  — 0 . 0 - 5
360 .  594099+5 23762 L.5 809689+1 111741 0—3— 1574 * 72+ 6  709731+2 2500 .  6 04 ) 0 . 1  —‘I .F(j
361. 1 ‘3 1 7 1 8 11 0 0 (3 fl 0 0 0,JANA F 7AP E 7/ 7 (0  A /b l  P50
30.2 , ~ t50.999,(7 .0152329,5 130.324,2 315542—3—52 7 139,6  878209,2 4 * 0 0 .  2500 .1  — f l .F IC I O
363.  — l56’4 ’39+~ 4*5194~~’5 137315+2 2661016 4 3822 19+6 8781~~5+2 2500 ,  6 0 ( 7 0 .1 0.Fl” O
4*6’s , 1 9 1 7 2 (0 0 ~ 0 0 II 0 0 O J O N A F  TAPE: 7/71 12/3.5 0-502
365, _ 3 50 995+ (7 495524,5 18630.0+2 448 868—3— 104 727 ,7  101.561,3 4 * 0 0 .  25010.1 — O . F N O 2
30.6 , _75’1”0’1O+5 49 14949 +5 196111+2 38 (0 ’25 — 4— 7 349 6 4 * ,6  101541+3 25 0 0 .  6000 .1  — 0 . 0 - 0 - 5 0 2
367 . 1 9 1 7 3 ‘0 C) (1 (7 l’~ CC 0 CI OJAN AF TAPE 7 /71 3/ 63 F503
368 . 2’4°Q99,U 6404) 46,5 2 145495+2 469i~~9— 3—133(04 l ,7  121641,3 1(101. 2 5 4 ) 0 . 3  —0.0 -1013
369 . 24~~~9~~’~ 64 74 5 0+5  /~~~56 5’2 1 4( 0 3 66 6 — 1 4 — 9 4 7 1 43 9 + 6  121621+3 2500.  6 0 0 0 . 1  — (7 ,4 - 1903
37f l~ 1 9 3 /4 U 0) (1 0 0 01 0 (1 0 (7J4 - NAF TAPE 7 / 7 %  12/0.6 FO
371 ,  259°~~9+5 24 02 60+5  876818+1 2 3141.3—226 5+6 714* 186+2 50 9 •  2500 .1  — 0 . 0 - 0
372.  259 ’39+S 240 ) 140+4 *  867377+1 2 0 0 6 9 0 — 4 *  558627,6 7 14* 144+2 2 5 0 0 .  60 (0 0 . 1  — 0 . 0 - 0
373 . 1 9 2 (0 0 0 0 0 0 0 0 0 0 (1JAN 80- TAPE 7/ 71  9/66 F02
374 , /9u999+4 35/4 727+5  134 79+2 183316~~3—438715,6 913264+2 500. 2500,1 — ( 0 . 0 - 0 2
375. 29°999-o 4 3541149 +5 138 13+2 1. 224 2—04— 286 826 +6 913183+2 2500. 60 00 . 1  -0.F02376. 2 9 1 7 0 ‘1 U 0 1) 0 0 (7 (I O J A N A 0 -  TAPE 7/ 71 3 /64  0-25
377 , 10099°+5 34 * 8 73+5 136 4 *5 +2 1114 92—3—52 9  (001 +6 8/48773,2 500,  2500.1  — 0 , 0 - 2 5
37/4, 10O999+~ 357925+5 136395,2 10620.4—4—387321+6 ‘P~~72n.2 2900. 6000,1 —(7,0-2 (4
379 . 2 9 2 7 0 0 0 (‘ 0 0 0 0 0 PJAN AO ’  TAP t  7/71 12/3.5 01’2 ’- ’2 TI
3/40. j93999+5 5019°l’5 189566+2 34*4461—3—930923+6 ji ’4 * 57+3 500 .  2500. 1  —0. 172112 TR
3(01, 193995,5 5(11573+3 196753+2 293767 —04 —65559 6 +6 1703 ‘+2+3 25 00 ,  6 000 . 1  0 . F2 5 2  TR
3/42 .  2 9 1 0 0 (1 0) 0 (3 Cl 41 0 I1JANAF TAPE 7/7 1 12/69 (/ 0
313 , 585049°+’4 36 167(7,5 137175,2 71(0 7— 14—4 34 922 ,6  0 1 / 4 8 3 3 2 + 2  4 * 0 0 .  75 00 . 1  — 0 . 0 - 2 0
38 04 .  5345999+4 3615/4 1+5 15864*8.2 6 5 9 98 9— 5—3 425 2 ’4+6  8/444 )2 9 9+2 2500.  3 .000,1 — 0 . 0- 2 0
.3/45. 3 9 1 7 0 1 0 0 0 0 0 0 0 0JA NAF TAP E:  7 /71  6,69 1735
3(06 . .314/90+5 5041316,5 194630,2 152 1°2—3—8’7226 0+6 10334 (0+3 4 *0 0 .  2500.1  — 0 . 0 - 3 1 4
3/47. —3142049+’ ~ (04jj7+5 197711,2 1’305$6—4—676930+6 1(03341,3 2500, 6000,1 —0.F34
38(0, 3 01 1 7 1 /4 (7 (7 0 0 0 0 0 0JAIIIAF TAPE 7/71 6/70 0-3140
34419 • —380l~~9,0’ 3.553/45+6 214/4870,2 344*10(0—3—117/4(1n+7 1104271,3 5000 , 25(70.1 —0.0-350
qo. ~~~~~~~~~ 6549514+5 /56290+2 304*997—04—898 75,6 119212+3 2500, 6000.1 —0 .0-340
311, 1 13 1 17 1 9 70’ II 0 0 ‘0 0 0 8JA N80-  TAP E 7 /71  9/3.4 A LCL F
3°2. —tl°°’s’4.0’, 31-7171+5 13(0415+2 25114*’4—4—25915’3,6 9~~0/462+2 500. 01500.1 —o. ICL0-
3°!. —l1°99~~.A 3676(07 ,5 13/49047. 2 239 5 — 5 — 2 2 ’ 4  9+6 910890,2 ‘4 *00 .  6000 .1  —0 .AL CLF
354 • 1 Ii 1 1.7 2 9 .  1) ‘1 0 0 (I (7 0 O JA 14 ’A F TAPE:  7 /71 9 /0 -4  A LCL 0 - 2
3~~5 . —2 37,’4~~+’- ‘-0112’80,~ 1.96956,2 659232— ’e— ’4R 92 ’ f l + 6  1014429 ,1 ~ 00.  25 (70 .1  — f l . A LCL 0-2  ~~ - - 

11

396 , — 23759°,’ 52114”,5 198306.2 6271°5—5— l400930.6 1141426.3 2 4 * 0 0 ,  0.0 ( 7 0 .1 —(1.A LCLF2 S
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397. 1 13 2 17 1 9 U (7 II 0 0 0 0 OJANA F IAI’L 7/71 9/E’04 ALCL2F
358. .18/44*99+3. 524770+5 1976’3+2 ‘+(0A103—4—3~~54*68,6 1181.20+3 3fl (1~ 250(1.1. — 1.ALCL2F

C 399 . —188599+1- 52’+717+5 198479+2 4*63.948—5—333708+6 1181.18+3 24*00, 6000.1 —0.IL,LL7F
‘2 ‘400 . 1 13 1 9 0 0 0 n a n ~ o 0 9JA N80-  TAPE 7,71 6/3.9 ALP
~- 401, —63304904+4* 240411.5 8870470+1 116104—3—1619701,6 713971.2 50)0, 2500.1 — 0 .AL 17

1402. —6~~399Q+4* 714(3377+5 889543*j 989/496—14—2537148,5 7j3967+7 25fl0, 6000.1 —0. LF
14Q3, 1 13 1 9 1 ii C 0 (1 0 0) (I 0 0J10N’IF TAPE 7/70 9/54 810-0
14004. —1 140199,4 387 28+5 104730)8+2 1-47977—04—490235+6 /477 21+2 0’30. 2500.1 —0 .”LF17
140!. —1 4(7199+3. 386943+5 1414625+2 620618—5—599958+6 8769-41+2 2300. 6000.1 —(1.!L0-)s
4.06. 1 13 2 9 (0 1) (I 0 0 0 ‘7 (1 0 OJA NAF TO PE 7/7 1 9/(,4

r’~ 1.07. —%614999+6 361410’e+5 13752~~+2 ~8921-0~~4 36152j+6 934* 90+2 4*00. 25(30.1 0.0LF2
1,08. — 16’e’S90.6 36’. 26+5 138732+2 557732—5— 279/441.6 935 73,2 2500 ,  3 .000 ,1  — 0 . 4 1 1 0 - 2

~
— ‘#09, 1 13 0 9 0 II 0 (0 0 0 (7 0 0 OJANAF T4)PE: 7/71 6/70 ALFS
~~ ‘410. —289 34+3. 517593+5 196134+2 9615904—04—4*93177,6 108750+3 ‘1000. 2500.1 —~~.‘+L~~3

‘41.1. —289 314+6 4*171466+5 19/4119+2 (059909—5—0470148°.6 108746.3 24*00, 60(30,1 —0 .410-3
412. 2 13 6 9 (1 0 (7 0 0 0) 0 0 0 OJANAF TAPE 7/71 6/70 4121”

~- ‘  
- ‘oj3. —629’4(4~~+6 113740+6 432161+2 186920 3 136338+7 185892+3 500. 2500.1 — fl .CCL2F6

41.4. —6201404°+6 11.3715+1- 455993.2 176772—4—1110193.7 1/45/483+3 2500. 0.000.1. — 0..L20-~-
1 j 5 , 1 6 1 17 1 9 1 /4 U 0 0 (1 0 OJA NA F TAPE 7/ l i  6/6 1 Cc0_ Fc

- 0i~~99+6 499313+5 187’+E:7+2 4 0889 0—3— 939527 + 6  106)63.3 500 .  2500.1  0.CCLF” 1
‘.17. — , 01~~~9+E ‘s 9~~819’5 1963042 +2 3 ’ s642 /4— ’4— 7 0 9 93+6 1(041’l5+3 2 4 * 0 0 .  6 0 4) 0 . 1  — ( 0 . C C L 6 7 0
‘.18. 1 6 1 17 3 9 0 0 0 0 ~l 0 0 OJAN A F TAPE 7 / 7 ( 0  6/~~ (.CL F3
‘+j4* , —1 691049+5 64 * 14737 ,5 /0~0 18+2 3 0 7 3 0 6 — 3 — i 2 5 4 * 7 ° + T  12(1634,3 4 * 0 1 0 .  2 5 01 ( 1. 1  — U . C C L F 3
‘#20. —16°199+€. 3.543042+5 /St-4”4,2 27987’e— ’4—913396.6 12 670+3 2500. 0-000.1 -0.rCLFl
‘42 1. 1 6 7 17 2 9 U 0 0 (1 (‘0 0 f( (7JAN40- 1A°E 7/ 7 1 6 /70  C CL 217 2
‘.22 . —1i7’+’00+6 662399,5 25241’a,2 ‘1687?—3—10154flS+7 32 5 6 0 7 + 3  ~00. 250)0.1 — ( 7 . 4 , 7 0 4 , 2 1 7 2
‘.23. — 117499+6 66231~~+5 23e996+2 19 8 /4140 — 14—? 9 9570 +6 12567/4.3 2 5 0 0 .  6000.1 0 .C C 120 - 2

‘4 2 ’4 . 1 6 4) 17 1. 9 7 0’ 0 1) (3 9 () I OJ4 ’ J A F  TAPE 7/71 4/ 7 0  4,4,1317
‘~25. .~~ 3Qq99 +-4) 67(C14°,5 254612+2 13 P2 ?0— 3—3’5 22 ’ 14+~ 12o49 14+3 4*00. 24*00.1 — ‘(,CCL~~0-£426, —680090+6 6609614+5 257474+2 177 695—4—67 9’41 7+6 125908.’ 3 2500 ,  3 .0 0 ( 7 . 1  — “ .CCL 3I’
‘+27 . 1 3. 1. 9 0 0 0 () 0 (1 0 0 0 OJ ( 0N A F TAPE 7/71.  6 / 7U 701’
‘428. 60°0-39+6 2 3 4 8 7 0 + 5  170,07)1+ 1 20891’4—3—20.692~~+6 7CC1371,2 500 .  2 50 ) 0 . 1  — 0 . C F
1429 . hCqQ ’4( 3+ ’2 2343.4*7+5 8 0 4 3 4 1 ( 0 5 + 1  1I~73(7 ’4 ’3  1120(47,7 7(0 1296 ,2 7 4 * 0 0 .  0 - 0 0 0 . 1  — 0 . C F
143Q, 1, 3. 1 9 1 7 0 0 0 0 )( C) 0 O JA NAF TAPE:  7/ 71 ,/4- 9
‘+4* 1. 35Qq9~~,4 ‘7040 2’..~ 134438+2 5t24 *~~1— 3—4 * /4 ( 09 1° .#6 8 T 4 ’ . / 4 4 ,2  ‘00( 7 . 200 ) 0 .1 -tO ,C0-’5

0432.  4)50 990+4 37023/4.5 11462707+2 ‘409 1—14—61’4t66+6 836282+2 24)00, 40(7(7.1 —0 .~~F ” s
‘44*5. 1 6 ‘0 9 1 /4 0 (7 0 0 0 0 0 CCJ4 )NA F  TA I’ E 7/71, 12 /0 -5  4 ,0 - 0
‘43(3. —‘40°~ 99+5 5”0-5/4C’i.5 1291044+2 3541914—3—624512+6 873417+2 4*00. 2500.1 — ((.10-0
‘.35. —‘4U°°9°+~ 5441114 +5 137 55+2 3 0 1 49 2 1 4 — 4 — 4 / 4 7 4 6 7 ,6  075263,2  2600. ..U(’(1.I —~~.rF0
436 . 1 6 .3 9 0 0 17 (0 0 70 (3 0 0 (7 JAN 40 -  TAP E:  7/ 71 6 /70  700-2
‘+4*7, _ I~ 3l4Q9qj S 4 * 4 * 3 97A~~5 133699+2 212U~~6—3— 6 1( 0 7 73 ,6  303 .70657 , 2  4 *0 0 .  7500 .1  — 0 . 7 0 0 - 2
438.  — ‘4341499+5 354 19+5 117 /43,2 640 47—3 308590,7 ~~~~7(71.2 26 0 )O) • . U O f l . U  — 0 . 7 0 0 - 2
‘+39 . 1. 0, 2 9 1 ~ 0 (7 0 (7 CC 0 0 0.JANA F TAPE: 7/ 7 (0  13/69 LF2O
‘e’+ O. —152699,0- ‘491412.5 1(446 18,2 5~~94fl 1—3—1l27 ~~A,7 100635.3 ‘0 0 07 , 2 500.1 - 0 . C F 2 O
‘+1,1. —1526046,’ “07011.3 195Th4*+2 ‘+35’+/40—4—826862+6 100633+3 2~~o0. ‘.070.1 —~~.cP2 0
(+142. 1 6 3 9 0 0 U (1 (4 o e 0 (7 9JAN 80- TAPE: 7/71 4/3.9 4,0-3

“+3. — 112(0049, ’, ‘49 (4352+ 0’ 19(7391+2 3!7225_01. 106 89+7 104* 1(18+3 4 *0 ( 0 .  2500 .1 — ( ‘0 .C 0-3
‘4’S’.. — 1124*99+6 49 90459 +5 196061,2 276268— ’4— 73596 °+6  103 ~‘5.3 2500. 6UOC.1 — fl .C0-3

• 144 5 , 1 6 ‘4 9 0 0 0 0) 0 0 (7 0 0 OJA NA F 1’ADE 7/ 7 1  4/ 69  CF’4
-
‘ - - ‘+144, —223 019+3, 4 048. 124+5 247119,2 413699..3 1’+6(04’+7 11 4 * 6 4 7 + 3  500, 2500.1 0.CF4

4)47, —223 39+.. 6145594,5 254*84*2+2 3722+0—’4—103(023+? 014*628,3 2500. 600(7.1 —0.CF’4
2 6 0 0 0 (1 41 (‘0 0 1) ‘1 0 0 CJA NOO 0- TA P E 7/ 7 % 12/49 (‘2

‘+4 9 , 200’23,6 7U774*4~~5 766724,1 ~~ 5223 — 3 187466,6 6/44 * 755,2  “00. 25001.1 — 0.C2
‘+4*4). 200223+0- 2146(060.4* 843610.1 14147170—3 24201~

.0’ ,4 ‘,~~‘515.2 5500. 0.000.1. — 0 . C 2
— ‘+3 (0. 3 3. 0 0 0 0 U (3 0 (0 0 0 0 OJA ICA F CAPE 7/7 1 12/69 CS

4 4 * 2 .  1,94*0499+04 5 i055’+S 1(2229+2 10063.5—2— ’e 4~~~l°’6 812717,2 4 * 0 0 .  2500.1  —f l .C3
+5 5, 39549~i -i.A 01l(0’3’0-°+5 124*2142.2 2304*4P~ 3— 2,7024/4,7 /412473..? 2600. ~.O)0 ,i —~‘0 .C3
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‘+54, 4 6 0 0 0 0 0 0 0 0 (7 0 0 9JA N60- TAPE 7/ 71 12/69 7014
455 . 231999.6 512125.5 1348896.2 704 ’ 55— 3—11 23t l (0 . 7 949357.2 4 *0 0 ,  2500,1 —0. C ’4
456 , 231999,6 51129(0,5 2047304,2  54107 70—’+—92 3 13.01,6 949 62+2 25 (70,  1-000.1 — 0 . C 4‘+57. 5 6 0 ‘0 0 0 41 0 0 (3 (3 CI (0 ( ‘0JA NA F rAPE 7/71 12/69 CS
‘+58. 234*999+6 654912,5 2417’2+2 9441~~i—4 *—15 230-0-,7 1001F’4,3 500. 25(70.1 —n,C5
‘.59. 23309(4, 6 653796+5 263 1.2+2 7791.43—14—1276404,7 1091145,3 2500. 60110.1 — 0 , 7 0 5
460. 2 13 3 8 0 0 0 0 0 0 0 0 0 (1JA N40- TAPE 7/71 3/604 ALPHA AL2O4* +
‘+61, —9000/499+6 /4(33519,5 2”77’i+2 223942~~2—116 64*01+7 7/46252+2 ‘90(0, 2316.2 —01.8121)’ *462, —373355 .6 856587+5 346222,2 1601007—6 2u4799+(3 9087047.2 2313., 5500,3 —0 .41203
463.
464 . 689068, 101676,05 .‘+33
‘+65. 13177900 , 1.01676.95 .433
466. 44160,3 117287.75
467. .125 — .5
468. .261 — .5
469 , .012 — .5
0470.  .1.30 — .5

471, .00006 — .5
‘+72, 252.67 54 18 ,3 1 .05 14 .0 0 0 1
(+ 75,
‘+74 . 252. 67 54 18 .31 .054 .0 0 ( 7 1
‘+7 5.
‘+76 , 53,681 1/4 ,7/40. .059
477 .
47/4,  8

f

N,
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Sample Problem 3 Output

GR,1.PHITE suRFACe <I0-iETICS (1’~~cM. T )  pRo’~, 5 0150000*00

RELATTVE ELri1Er~r8L co”;p’~sITIo.~~, ATr ,1)I C ‘TS/ IIJIT I’ASS
A T.NO. ~L~AL NT ATO”IC C~ T EI (,E C. ”S

1. IIYOROC,1W 1.OOROO .U367~4)11 •000000U
6 CAR Ufl -J 12.01.100 .~~166F.’+C. O Ur)o (~~OO
7 N 1 T #~oJ~iF.(-1 j 4 . 0 l I 7 0 0  .u .o~~’297 ,0~ 0u00~3
B OXY~~~:IC I 1A .00000 ,033.~~7~, j  .Qnoioou
9 FL.LiOrUsJE 1’3 . O O C O O  .UO (122r d

106 G(~AF’HIT~. 12.0 11(00 .tj000000 •0ô32~,7U

EL~ P’F:NTc 31Y~~~X r~J C-~F~~O0; IJIT RO70,C (- O X Y t~F 4 C  j•~fl~~j~~
6RAPI-ILTE

BASE .SP F C I E S  H2 C02 N2 W20 FH
Ct

UPOa~TE fl~ r fFFUSIf l~ F6 CTflR~
SPFCIES l)IFrUS !l’ro FACT (~C02 1.29 1 ’A O
H2 •3k3930
H20 .77490

1.02620
1.01700

C .691R0
CH .74920
CF4 ’4 ,93~,70
C’~ 2 . D 2 ~( 0 7L 0
CPH2
H .3fl1F O
N .74930
NO .99 t51U
0 +73970
0 2 1 .U0000
C~ 1,O2 ~~~0
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SWle Problw 3 Output (Continued) 
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Sample Problem 3 Output (Continued)

A RA P HITE SICI IFA CE I . I9EYICS 1 0 0 0* 0 - 0 )  SOLUTI ON P609 ,  9

OCRIVATIVE PROPERT Y 000P’fl
CP—PM08N CP.(QIJ IL OLOO/ C 7LTI T ~)LC ~A lI0L~~P 08008
.98399.0 0 .65569*20 .._ 99’,7T.’01 .9*134—02 .17702 :05

PROPERTY RO’ I TINC OUTPUT TN L f O . M A S S . P O . S t , C , S T ’ i . A V O  0EV-A
TEMP A ISC CYSU 00*0 P9 SC
.50508,09 .91726— 0 9 ,39361C T4 .76 050 .03 .607 77*00 .70573 ,00

RUt 902 MO,,.WT POlL C P TI L  C.TIL.

.00353,00 .29993*00 .21866*02 ‘.78565,03 .14369*00 ..90089.03

ELEMENTAL 0 0+0 Z MASS ‘ 9A CT 0507  11Y A T O M I C  • ‘ C C M O t R  . . . . I balItO .667)

O 1 6 7 0 9 106
.57035.0 5 .202560*0  . 17910000  ,TA2 OCC R 0 O  .23097—02 .00000

09957— IS  .1+870*08 .) 6~l22 *fl C 7 .29777500 .1,62,46—TI .07011*

SOLUTION TOC0ES
ITLOA710NS • 38 Y O V I F  o 13 .699 S E C .

CLOSED S Y ’ T T S T  EQUILI1IRICC0 9 O L I C T I 0 T I  OC C IPUT

MASS CON0 r9SCO,MASS Gal • .0000 )C
TEMP • 9pSO.9979 0(0 0 , 0 2909 ,01200 T7(’C 0 . R5L7% ‘ 10.77000 A TM

4001 C O I I C 1 F NS L U  C O C T P 0 5 1 T (

ENY HALPY — R T U 2 L H M .. i°309 ’)
~ 

,I C f l O 0 , Ø  .. jfl3AVl fl 4

ENTROPY — 9T’./L00 UCG tI .26902 001 .00000 .56005*0 5
DENS ITY — LM’ /PT i  .M2678 21 . ‘2670 O 1
MOLECULAR W E IGHT 23 .3.60 .0003 27.064C1

CHEMIC AL S T A T E  (VIOL ! P14. , CV flL LC II, .LS 2 O U Y 0L  700 0,ISF C ’ O L E C I I L L S )  

SPECIES POLE 00. S P* C I L O  MOLE TA . S)’CCILS MOLS TA , SPFC ILS ‘tIc! IC), 50(0107 03I,C T O .

CO2 .12957*A O 02 .101002 713 o20 . 5 2 7 2 2 0 7 ) 0  3M .7)0 0 0 5  (0  .14107.02
+2 .19790*00 CO .27202 ,00 C .77730 11 ~c .67376~ 02 CO .998A0—l5

CII .61970— 11 C: ’ .02773.06 CR 17 .1 1 9 1’ )— t C 6  ‘7 001 .24462.01 CR2 .03240. 10
C020 .2010 9—0 6 c”3 .23700.09 L”A .0 7 709 .0’S (V . .170t7 1.,J4 CV ,0 .5 9 9 6 8— t A

C012 NC’- .10493.1? Cl)’ .i,1.903—0 9 77’)? .691*6. T’ 000-4 .22799~ 10 C2l7)C~0 .10729—IA

C2N .98792—14 CS’? . 4 1 8 7 0 3 — T b  C2U .92466—00 C902 .1T11 3—13 COO .29014—13

C902 .72783.24 CVII .17914.70 * .05962—02 ‘CV, .6A13J .O’, 1,T,0 . 0 9 4 * 5 —06

4902 TO .11660.07 (“153 3 4 4 S 0 — 1 2  *02 03589_I)6 ‘126 ,9b605~ J6 020.7 •237S0 .10
0202 .30976.09 03 .12 7t ,1—nS CO Il? ,47995.T4 0 . 09025 .0 6  0 .70* 92—03
402 .70996— 11 7 ‘,? C ’ .50270.7 7 ‘7113 .7 7 7 3 0 — 1 5  3 .01301 03 ‘2 ,01~~19~ O~
C2H6 .21207.19 C ’03 .~ ( ‘ 7 9 8 — 3 5  CS ’) . , 2 T W , — 1 8  C0IC Z .2961 0— 19 CS)” .009*0 .20
COO N .27903.21 C3,5 .00701—71 F? .‘ 0 3 2* - I*  COF .2207 3.12 CR10 .29R41 .O*

CHF3 .12780— 00 f*2 F2  .7 2 0 1 4 0 — 7 6  CO3 F .04607 .13 (2 02  .53004.75 COT9V ’ .29290.26

c2r’ .29976—38 C2*F .10616—T O.  .11095.7)5 lAO .I1542~ O0 r’, .87972.11

P90 .R .7 OAS—0 0 10102 . 9 9 * 2 5 — 7 9  1405 .23093— ’I TO .92340.10 402 .32241.12

P2 9 . 87 00 1 —0 7  02 ( 7  T O . 1 1 1 7 0 — 2 1  0 2 1  .70170—TV P3V .90160—21 107.0 .11293.29

CF ,167H1”ll CLI .17162 11 (TO . ? S 6 5 0 — , C 3  :02 .01499—19 CFOO .75542 .11
COO .72527.19 C OO .07996.77 C O .‘ ‘ 36 — lR  CO .30291.20 (4 .9R505.28

CS .29395.02
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$~~pl e Problem 3 Output (Continued)

SMAPH ITE SURFACE 8090-TICS IGA SII LT ) poo.. 3 006500D.00

OUIV*Y IVC PROPERTY OUTPUT
CP—PR OZEN CP—EQUI L OLTI4/O L’ .T ‘TLO’C/(tLOP 0~ 0 - T A
.51965.00 .19585.01 — .77373*00 .0413’ .52 .10 7*9. 15

PROPSITY ROUTINE OUTPUT IN LR MASS . FT . SA C .M0 U .OTA0 C 00-5.0
TEMP 610C C10#0 1040 P0 SC

.11110.09 .26507.09 .169 70—0 2 .15 73 5— 03 .6S 2 01 M011 .7 2 0 7 9 . , C C C
MOO MISS 001.60 O T IL  (8)11 0)01’

.90353.00 .29995*02 . 2 3A 6 6* 0 2  — .2921 0.0*  .22769200 — .0*303.00

ELEME NTAL 9 *90 0 MASS OMAC 000VIS BY ATOMIC “ 000) ’0 - . . . )b4F ’E~ *
1 6 7 5’ 01 106

.57035.01 .2025 6*OT .17410000 .34120 0 .0-3 .03097.02 .0 0 0 0 *

.9993 7—01 .1R07 ’A.O Y .0692 9 .0 0  .30773 . 10  .66096 .02  .0 ) C C I J O

• 100..UYION TIMES
ITERAT IONS • 28 TI’)  . .792  S I C - .

CLOSED SYSTEM £QUOLARRJU9 SOLUT 009 ‘VLITPUO

MASS CONOO9S CO/N A SS 7505 R .011000
TEMP • 1000 .0000 OEA CI . * 100 0 .0 0 07  ( I I -  0 . 841(75 * 02.77- ’I’’ A T ’-

GA S COV007TNSLO CT ~0PI,S 1 T C
CNTNAL PY — RTU /LRM — .2*503.54 .0000*
ENTROPY — BTL/LRM 0(75 * .27722 .01 .1100*0 .72’?’.Ol
OENSIT Y — L8 P/0T 3 .231 9A * i 0 .73 19,.tI2
MOLECULAR A(IAHT 23 .41660 • f l 1 O C  73 . M4l.fl

CHEMICAL STATE IM0LE FR . • M O L L C C J I  ES / T C : T * L  to ll s P9A SI ‘‘0 1’) (011)01 

SPECIES POLE P11. SPC C IF S ‘‘CLI FT . 00110 LI - OLL  Al. . SIC)(TI’S ‘IL ) 0”~ O’ LCI (S  ‘OL( FR .
C02 .12951*04 12 . 1* 0 0 9 . 0 7  ,C2, ’ .7 ,, 7~~0~~’- I  C’ .1111 1 3 1  Fl, .39111—02
NO .19795200 CO .27292.7 0 C .7773 M.1) ‘CO ~*7316.32 ‘.00 . 5 9 4 8 2 — 1 5
CH .61976 11 CC)), •2’I~ 75—’6 CT,C .1121’ t06 CAL .70 ,62 .001 0*2  .59288.11
CHSO .20108.0), C.3 •23011U.f l9  (*0 . 0 3 7 * 9 . f l ’ A  CS .00571.00 7.0 .59R80—OA
CN2 NCO .169 ’ O— 12 (2*  .01720.) 4 20? .4 0 5 06 .5 2  3 ?’-’ .l 100.- IS  ( 7 0 4 1  .1T019.I l
C2N .90700—Il l  C.” .097)03.00 (0” .0400O.— T 1 37’? .3 ’ 1 1 5 . 1 S  (00 . 3 9 5 9 R 2 5
CNH2 .72 70 2—2 ” C” 2 . 1 1 3 ) ”— ”)  II .~ 7”1.’.

’t,, ,’ ..530 *6 ‘-‘1 .55498.00
HNO2 TM .1166 0—0 7 ,,T~*i .7*1,72.72 *0.’ .3 33’#.06 ~ 7I. .V0l,55_0N “I’ .22”P.5 0
11202 .30976.06 *0 ’ , .127)01 .20 .7, 1 2 ,6 5 7 3 0 1 54 9 ,3’UIU.OI 00 ,7N895.8$
902 .70996.07 0.23 . 33?9.I 7 ‘ S’t3 • ‘ 7 1 S T — t O  1 .5 0  5 0 1 _ O S  03 . 9 1 9 1 M — S O
CDH6 .31207—1’ 12*0 ,,‘,‘V*4.7 ~C 0, 3 .07 1 0 6 — T O  C7 ’- S  •74677.59 0900 .55,49.35
C OW’. .27923—2 ) to,,’, .4 ’~~~*I , 2 I F .“ I Y l ’ b — O,  C..6 ~/ — o 7 9 . 1 2  OC. F 1 .2 MM’ 0.0S
ClIP S .12 000— 19 CV? T7 .773:2—06 (2SF .00,1.0 .1 • C24?  . 5 4 6 3 R — 2 1  C? T ’ O _7920A .24
COP9 .39976.31 C3.oF .1O’ . l A — ) l ’  F .1709” .0” (1.1, .1T3 ,2~~SH ‘‘, .57072—01
P90 .87085—10 F’ ,C2 .984 23 . 5 5  P6,0 3 .51*00 5~~01 8 0 .92544.10 F’i 7 ,5 5NIt.l~
P29 574011—1 7 F O V I ?  T2 .111)1—l’ I 470 •I’T?’V l M  F’)’. .93062.28 8(60 .17001.29
CF .16701—I l  (0’. . 0 7 1 , 2 — 0 0  OF t )  .0* 0 0 0 . 0 7  ‘ I C  .0 1093.14 7 F 2 0  .701042.11
CF3 .72627.19 C F .  .27T0- 6~ ’1 I,? .9 V o ’ A ~~’0h  C V  .3’4’5— 0R ‘0 ,G A A R 3 , p P

CS .29398 —32
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Sample Prob lem 3 Output (Concluded)
( 0 . T V t ,Z L 0 *  .1701’,. 0 7

PROPEIITY # 0 C C T I P . 4  Ol,YP’, l  07 ,  L~~ —~ 1 3 4 ,11 I , 3 ~) L  • 7 , . . , ’) .  I 71—..
T(8P .ISC C -  I I ’ I  I I. 0,

.20601* 04 .28901.0*  .1 0 * 1  5. 10 .10 ’ ‘ - 1 1 l 9  ,0 ’ 0 .  ‘ l~~~ .1 / 0 0’ ’  I ’
051 “‘S “01 ..) C C II I “ V I I  t . V l L ~

.~~20R0,00 .2975 111RY2 .7’,156,IIO ..0,12l,,I’ , .1 7 1  70 .1’~ . .,,‘A ’ tll l. * ‘I

ELEMENTAL A INC 2 MOSS P0*70)1 ,0, I V  7 T ’ . O  I t  I, ’.’)* . . . . C 1..O ’ C  C C)
1 4 7 C ‘I 100

.036814—Il .2030 5.0 *  . 1 0 C , c1. 1 o  .0 ,7 1171 ,1- ’ • .1’,*1. . ,

.99537—00 .108)4,0’) , 0)- ’, ’,.CI - - •‘IC ’775 *I IIJ .1,0,90- .’..’ .1 1 ’ ) ”  I

SOLUTION T I8 0 0 1
IT F RA OIOPI S * 9 T I - ’  • 4 ,4 7*  1,10 ,

OPEN S Y S T E M  C A ( 0 ICA L  * 1 V - r Y 0 C ~ (.IILOYIO’ .. 01 -101

SURFACE 00 PC 901
‘MASS T PANS FL0 COE FFI C IF ’ , T 0 I ’ I C I O .0*0 0,1,10

MOO 75 8*11,41)1CC LC( C’V * .7t,C1 * 3.72 0 OIl’) . ,70’’O—l,C

STA TE ADJACENT TO 090- 0 10(0 (1  •
TEMP 8 2160 .0000 0(75 9 . 120 7.01 1001 0 5 4  01 )‘RLSS • 7 0 ,77* 01 *T -

AA ’  I’0 ‘12 1 0.04? C’.,-” ‘O T T O
ENTHALOT — OTtO /CM)’ .,/“C,ISC,tO. . 0 0 0 , 0
ENTROPY — P1L/L90 SEA II .2741 .1 0)1,1

DEN S I T Y  — LMP/0T5 . ?O C I O I R O I C  . 7 0 4 0 1,011
MOLECULAR WEIGHT 23,1057 .0)~~C

NET 008A * RTI  4 A T E  OF VI )’ETI(*ILV
I0)TL(S OP RFA CT 100 ’  / 11410 S 0 , * FA C C  011* / T0 ’ t  / 4’01) I 0 (0l.

1~ .36586—1’ . 22 .341830.12 3* .0/Cb S_ IA  A R  , S’I0 V* . ’ 5  ‘CO .

6’ .13597—25 YR .11472 3 1~~~~~* , ’0,I? 1.30

RATIO OF 008*500 TO 4(00000 *I’, L T I C O C I V  CI1~~1 ‘(LI C ’  R I ’ , U C T IL” TOT )

1. .29187.02 2. .70162*02 0* .7’,19*,0 3 00 .0*7 0 / I t ’ 3, . 1 ) 2 0 0 . 0 1
6. .01697*02 7. ,‘OO SC’.O* C- .  , 3095t.0(.

CHEMICAL ST A T E  A020 C ENT T O TRI *020) 07 ’
(PO OLE 09 FOR GASES , ~ -1LEC I ’Lt7 / T?TAI 6*5 O’CLFC 1-Lr,0 I

(MOLE OIl FDA CONOF’CS(Y • 0 1 0 1 7 ’  (01 ’ .! ( 1 0 ) 1 -  I.

SPECI ES POLE LA . S’ L7 I L°  0111) 1” , ‘II F (Il, ” 07010 01’, OI~I C 7 ) 1 I~1 b  66 , 40(CTES MOLE PM ,
C02 •23999*SY ‘0? , j~~ ’ ” 0  101 )l~~O ,~~00 t l 0 l ’C  C’ .00002 (0 .09191.01
92 .15102.0Y C C  ,5 011.1 ,00 7 , ) ‘V ” 4 . / S  ‘Cl .29007.09 0-05 .LHR$.S4
C H .3 90 R O . .2 2  (C . 1, .0 7 , 3 0 . 0 1 1  

~ 0 , 1  .~~)‘ ‘ 1 ’— 11 C”! .90038.05 CAD .15091.56
CH2O .27864.06 CO’ .~~.‘?flO~~09 C O  .10’3’ ’3 •t .5,,15I 16 CV ’ O  .009) 7— 05
COD OCt .65656.2) 12,’ , 0*o ~~5.7 7  t a~~? ,0’2I .1_ li’ ( 0*4  .1,7157 _ O S C OA 8 T  .23810—1 6
C275 .89289.2 5 “ 2 ’ ? . 0 1 0) 2- I ”  (2’  1”’I’. . C l  CO I l  ,2CC4196 15 C80 .508010—PS
C’.A2 .160* 1.21 1” ,’ ,35~ 0/ .00  ,.‘71.lb.1 0 ~‘ .29 69 3 . 09  ““C .OOSPT.t5
P4903 7, .109201.10 “C i  . I ’ C C 7 * ’ C ) 0  .1.? .0’0 ’3) ) 2  *00 .17237 .79  *03 2 .511115— IM
41202 .19110.1 9 t’~~1 .5 6 0 i 0 3 — O b  ‘ * . ‘  .1 0 1 7 1.1, .61,1179.10 .7 5SY T.11
‘402 .10120—UT ‘-2, 1 .12000.07’ 21 0  ~~‘- ~7I. ’1 0 .6101 2.16 “2 .09595.5’.
C2H6 .39590.0’ (2, 0 .1I’?5—IA ,‘‘‘ . 1 1 , 2 0 .,, 0,2 .03020.20 (‘0 9  .60718.11
C5H8 .76064.13 C300 ,2311’0.~~’ 02 .1 1  2.10 l ) .1201)_ Ill 1,0)0 .11755.01
Cl-IFS .14602—10 (“232  ~~~~~~~~~ * ‘ ‘ ‘ ‘O ,‘‘. “ ‘  . 1 -  , 21 2 .352*0,90 ‘72O9~ .S72975.08
C206 .69966.301 C,,,T .TT O ” - 7 ”  1 .1’ ‘ ) ‘ ‘V *  FOC I .1)2711,15 F’, .555’ R.SO
ONO .11710.20 0 2 .30,10’.’? - - I , ~, - I, L I .55/70.46 FC2 .54520—52
029 .50120—32 . 212  01 .1 7 4 5 1. ’0 Tol l .1” ‘ I C ,  F” .12200 890, 1! .000’S
CF .27804.2) CII . 0 3* 1 4 _ i l . ~~ . ‘ 0 1.71 70/ .1,1 11, 09 0 02 ’  ,695’ 5 I 5
CF9 ,13509.20 I T O  .220 / 1 . 2 7  .~~o- ’~~’ - - ’ - ’ .1’ 09 .29 ‘11 .05 3 61— 9 8
CS .00000
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