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NTWO - A NITROGEN PROPERTIES PACKAGE
by K. J. Pew, R. C. Hendricks, and R. J. Simoneau

Lewis Research Center
National Aeronautics and Space Administration
Clevelang, Ohio

ABSTRACT

A family of FORTRAN IV subroutines was developeq to calculate the
thermodynamic and transport properties of molecular nitrogen from the
triple point to 300° K at pressures ranging from 0.1 to 200 atmospheres.
The master subroutine NTWO calculates the remaining state variable
when given any two of pressure, density, and temperature as input. In
addition, any or all of the thermodynamic and transport properties -
enthalpy, entropy, specific heats (Cp, Cv), sonic velocity, viscosity,
thermal conductivity, surface tension - can be obtained by the state vari-
able call or by a separate call. A call to NTWO with pressure and en-
thalpy will also generate all the other properties.

The NTWO package was developed to be used in conjunction with heat
transfer and fluid flow calculations. Because of this intent, the package
was written as a family of independent subroutines with & separate sub-
routine for each specific property or set of related properties. Thus a
user with limited needs can work with only those subroutines required
for his program.

NTWO - A NITROGEN PROPERTIES PACKAGE

Cryogenic nitrogen is inert, inexpensive, and generally available in
large quantities at many research centers. It is used for cooling equip-
ment, heating or cooling other fluids, as a modeling fluid, and in many
cases as the primary test fluic in heat transfer and fluid dynamics re-
search., Many of the authors who have submitted research papers to the
Cryogenic Engineering Conference have used cryogenic nitrogen as their
working fluid.

TM X-52814



NTWO is a FORTRAN IV family of subroutines which was developed
on a 7094-7044 DCS machine tc determine the thermodynamic and trans-
port properties of nitrogen and be used in conjunction with other research
programs. The NTWO prcperty package is subdivided into subroutines
and functions for computing the individual properties. The individual
subroutines may be used independently of subroutine NTWO if the user's
requirements are of a more restricted nature (say, memory or time
limited). Appendix A is a descriptive breakdown of all the functions and
subroutines used by the master subroutine NTWO, which is listed in ap-
pendix B.

The basis for the program is the work of Strobridge (ref. 1).
Strobridge curve fit the available nitrogen data with a modified Benecict-
Webb-Rubin (BWR) (ref. 2) equation of state. This work represented a
major advance in establishing an equation of state for cryogens. The ex-
cellent hydrogen data of Roder and Goodwin (ref. 3) were fit using a form
similar to that of reference 1. In the early days of work with cryogenic
hydrogen such an equation represented a milestone to those working in
research and development.

The NTWO property package differs from that of Strobridge (ref. 1)
in that it was developed to be used in fluid flow and heat transfer calcu-
lations. As such, there are independent calls for the three state vari-
ables pressure, density, or temperature (see OPERATIONS SHEET).

In addition, temperature and all the other properties can be obtained as
a function of pressure and erthalpy, which is of considerable value in
forced convection studies,

While enthalpy and entropy are available in reference 1, the specific
heats (Cp, Cv), sonic velocity, viscosity, thermal conductivity, and sur-
face tension were not computed. One of the major reasons that the spe-
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cific heats were not given is the significant deviations in 9“2/3T“ at near

critical temperatures which generally lead to very large values of Cv,
see figure 1, After much effort in this area, we finally decided to use
numerical techniques to determine AU/AT = Cv and AH/AT = Cp.
The viscosity and thermal conductivity computational method were
adapted from Svehla (ref. 4) for the gaseous regime and from Thodos




(refs. 5 and 6) for the near-critical regime. The surface tension calcu-
lation was adapted from reference 7.

Sample property calculations are foung in {igures 2 to 13. The plots
of Cp anad Cv exbibit some irregularities in the near-critical regime.
Smootning teciniques could be applied, however, for most applications
these are unwarranted because the values returned are within acceptable
tolerance, The properties P, p, T, H, 3 are in good agreement witn
those tabulated by Strobridge (ref. 1). The values of k, y4, and o are
limited by tae state of the art, TFor example, the spikes in thermal con-
ductivity that are known to exist in the critical region cannot presently
be computed. See reference 8 for discussion of this,

At the time of writing, two papers (refs, 9 and 10) were brought to
the attention cf the authors. Pierce (ref. 9) prepared a FORTRAN 1V
program for nitrogen and heliuin for the pressure range of 1 to 2500
pesia (0. 068 to 170 atm), temperatures of 120° to 4500° R (66. 59 to
2500° K) for nitrogen and 35° to 4500° R (19. 4° to 2500° K), for helium.
A superficial examination indicates that the essential cifferences are,
the flexibility and versatility of NTWO is much greate., and in refer-
ence 9 the calculation of specific neats uses E)“ZP/E:T2 throughout anc
the surface tension is not calculatesz. The tables presented in refer-
ence 9 have not been checked as of this time. Reference 10 represents
a theoretical work with tabulated results for temperatures above 300° X.
As 300° X nitrogen is considered noncryogenic, the results should not
alter the results presented herein or those of reference 1,

OPERATIONS SHEET

The nitrogen PVT surface has been subciviced into three regimes:
two-phase or saturation (KR=1); liquia (KR=2); and gas and/or fluid
(XR=3), see the sketci on table I. In the two phase regime, KR=1, only
the saturated liquid and saturated vapor properties are returned through
COMMON/N2/. In order to avoid the choice of which properties shoula
be used to compute quality, its calculation is left to the user.




Specification of KS

The values of XS represent what basic thermodynamic input has
been supplied to NTWO and what basic thermodynamic information is
desired as output (see appendix B).

KS=1 implies that temperature and pressure are specified ana
density is required. NTWO computes density

p = (T, P)

KS:-2 implies that temperature and density are specified and NTVO
is requested to compute pressure

' P = f(T’ p)

KS=3 implies that pressure and density are specified and NTWO
is requested to compute the temperature

T = (P, p)

KS=4 is a particularly useful call for heat transfer and fluic dy-
namic calculations. Given the enthalpy and the pressure, NTWO re-
turns temperature and density

T ={(?, )
p = {(P, H)
Specification of KP

To obtain thermodynamic properties other than P, T, or p, and
transport properties, various values are assigned to KP (see appen-
dix B). However, a value must still be assigned to KS, to inform NTWO
of what state variables are known.

KP=1 in combination with a value of KS informs NTWO that en-
thalpy must be determined.

KP=2, with KS specified, requests NTWO to compute entropy.

KP=4, specify KS, requests NTWO to compute specific heat at con-
stant volume and constant pressure, the ratio of specific heats, and the
sonic velocity.

KP=8, specify KS, NTWO returns a value for aynamic viscosity.



KD=16, specify XS, NTWO returns a value for thermal conductivity.

KP=32, specify XS, NTWO returns a value for surface tension.

To obtain any combination of the above properties, simply a_Z the
KP values. Thus if all the properties are required, specify KP=€3. if
everything except surface tension is required, set i{2=31. If enthalpy,
entropy, and viscosity are required, specify XKP=11, etc.

KU 3pecification

KU=2 is a units specification which gives units as listed in table I.
KU=1 will return those units of table I, except density will be returnex
as gram-moles /liter, XU=1 represents the working units of the pro-
gram (see units of ref. 1). Additional room is available to specify other
conversion factors; consult the authors on this matter.

The subroutine NTWO uses the call vector and COMMON to com-
municatz with the subroutines within the NTWO package and the users pro-
gram. The call vector and the COMMON are explained on the operations
sheet, table I. A sample problem is provided in table I to illustrate the
calling procedure. Table II is provided to illustrate assembly of the pro-
grams for machine operation,

Experience has taught us to check KR when working near the satu-
ration loci and in the near critical region. Our calculations sometimes
put us in the two-phase regime when we do not want to be; NTWO, how-
ever, thinks we are asking for saturation values and sets KR=1. 3ince
specifying KR=1 is a code instructing NTWO to calculate saturation
values directly without determining the regime, saturation values could
be returned for all subsequent calls, Hence, the user must recet KR#1
for nonsaturation values.

The NTWO properties package iz currently available through the
authors and will become available through the NASA-software program,




Fortran symbol*

XKP

KR
XS
KU

()]
[47]

SYMBOL LIST

sonic velocity, cm/sec

sonic velocity, satarated liquid, cm/sec

sonic velocity, saturated gas, cm/sec

specific neat at constant pressare, J/(g)(K)
saturated liquic specific zeat, Cp, +/(g)(X)
saturated vapor specific neat, Cp, J/(g)(X)
specific neat at constant volume, J/(g)(X)
saturated liquid specific neat, Cv, J/(g)()
saturated vapor specific aeat, Cv, J/(g)(X)
enthalpy, J/g

enthalpy, saturated vapor, 4/g

entnalpy, saturated liquid, o/g

thermal conductivity, W/(cm)(X)

thermal conductivity, saturatea liquid, #/(cm)(X)
tnermal conduactivity, saturated vapcr, W/(cm)(K)

tnermodynamic ana transport prop.rties specifi-
cation

tnermodynamic region specificatinn
state relation specification

units specification

pressure, atm

entropy, J/(g)(K)

*
Symbols used in the individual subroatines are izentifies in tae work
statement of that subroutine (see appendix A).




entropy, saturated vapor, J/(g)(X)
entropy, saturated liquid, J/(g)(X)
temperature, X

ratio of specific neats, Cp/Cv

ratio of specific aeats, saturatec liqui.
ratio of specific neats, saturated vapor
surface tension, dyne/cm

dynamic viscosity, g/(cm)(sec)

density, g/cm3
3

3

density, saturated vapor, g/cm

density, saturated liquid, g/cm
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AP?FNDLI A
FUNCTIONS AND SUBROUTINES CONTAINED IN SUBROUTINE NT /7O

If tae user wisaes to disassemble NTWO into its family of subroatines,
reference 11 should be consulted.

BLOCX DATA
1. Equation of State Coefficients
2. Saturated Vapor Laws Coefficients
3. Specific Heat at Zero Pressure Coefficients
4. Conversion constants for use with otner units

SUBROUTINE
DCHECK(KU, D)

This subroutine converts tae density D to gram-moles/liter an:.
cneckes to see if D is out of range. The units are specified by KU.

If D is out of range, the program
(a) tags the word if Tagged Arithmetic is used
(b) writes an out of range note and continues

PCHECK(KU, KR, P)

Converts the pressure P to atmospaeres and caecks for ouat of range.
If KR=1, P is checked for oat of saturation range. Units are speci-
fied by KU.

Out of range cause P to be tagged (if taggea aritametic is used) or
effects an out of range write out.

TCHECK(KU, KR, T)

Converts tne temperature T to degrees Kelvin and cnecks for out of
range. If KR=1, T is checkea for oat of sataration range.

FUNCTION SOLVE(XI, F, DF)

-

Newton-Rapascn iteration given an initial estimate XI, tne function F,

and its derivative DF., If the convergence nas not been attained in
100 iterations, tne result is tagged (or a note is outputed).




SUBROUTINE ROOT(¥0, X2, FOFX, FUNC, X1)

Solve for X1, suchtnat FUNC(¥1)=FOFZX, where X1 lies between
X0 and XZ. Thais is a modified half-interval searca tecanique and
permits only one root between X0 and X2. If a root nas not been
found in 100 iterations, the result is tagged (or a note is outputez),

SUBROUTINE ROOTX - same as SUBROUTINE ROOT - must be in-
cluded to avoid recursion

SUBROUTINE SPLINA(X, Y, NX, T, NT, YINT, KFD, KERROR)
A spline curve fit routine used for interpolation
SUBROUTINE DENS(KU, T, P, D, DL, DV, XR)

Compute the density J, given the temperature T and pressure 2.
The units are specified by KU, If KR is either specifiec as 1 or
returned as 1, the saturated liquid and vapor densities, DL ana
DV, respectively, are computed as a function of T only.

SUBROUTINE PRES3(KU, T, D, P, KR)

Compute the pressure P, given temperature T and density 0.
Units are specified by KU, U KR is eitner specified as 1 or re-
turned as 1, P will be the saturation pressure computed as a func-
ticn of T only.

SUBROUTINE TEMP(KU, P, D, T, KR)

Compute the temperature T, given pressure P and density D.
Units are specified by KU, If KR is eitaer specified as 1 or re-
turned as 1, T will be the saturation value computed as a function
of P only.

FUNCTION DSF(D3)

Function used to solve for dencity DS given temperature and pres-
sure

DSF = P equation of state - P given
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FUNCTION DDSF(DS)

Derivative of tne above function and used to solve for _ensity D3
given temperature and pressure e
_ 9(DSF)

op

Ly

DDSF

SUBROUTINE P3SS(PS3)
Compute the saturation pressure PS3 given temperatare
FUNCTION TSS(PS)

Function used to compute saturation temperature given the pres-
sure PS

FUNCTION TSSF(TSS)

Munction used to solve for saturation temperatare T33 given
pressure P3

TS3F = Vapor Pressure Equation - logw(PS)
FUNCTION DTSST(TSS)

Jerivative of the function used to solve for saturation temperature
TSS given the pressure 23

5T3SF - A(TSSF)

aT
FUNCTION TSF(TS)

Function used to solve for the temperature TS given pressuare P3
and density

TSF = Equation of State - PS
FUNCTION DTSF(TS3)

Derivative of the function used to solve for temperature TS given
pressure PS and density

. O(TSF)
aT

IT3
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SUBROUTINE TEMPH(KU, P, H, T, D, DL, DV, KR)

For a given pressure P and enthalpy H, this routine will return
values of temperature T and density D. If XK is eitaer set
e equal to 1 or return as 1, saturated liquid ana vapor densities JL
77" and DV, respectively, will be returne.

FUNCTION TSHF(TS)

A function used in conjunction with TEMPH. This roatine calls
DENS with the given 2 and trial values of T to obtair values of
density D. The enthalpy routine ENTH is tnen called anc a valae
of H is computed.

SUBROUTINE ENTH(KU, KR, T, 2, D, H, HL, HV)

Compute enthalpy H given the temperature T, pressure 2, anc
density D. Tae units are specified by KU. The region is speci-
fied by KR. If KR is specified as 1, then the saturatec liquic anz
vapor enthalpies HL and HV, respectively, are computec as a
function of T only.

SUBROUTINE H3SLV(PS)

Compute the saturated liquid and vapor entnalpies given pressure PS3
and temyp-rature

HV from HSS, and HL=HV-T*HSSLV
FUNCTION HSS(PS, DS)

Compute the enthalpy in the region No. 3 or saturated vapor enthalpyv
given pressure PS, density DS, and temperature

P

T _ ‘
H=H0+/ Tpg dT + (Z - DRT + 3_1(3_9_) &p
T 2 2\8T

0 0 p p PlT

FUNCTION HINTF(TS)

Functicn used to compute the integral in the enthalpy computation
based on temperature TS

T
/ Cpo dT
“T

0




12

FUNCTION HDINT(D3, DSL)

Compute the integral used in the enthalpy computation from density
DSL to density DS.
DS
2 2 \oT
p

p D
DSL T

FUNCTION HDINTF(DS)

Function used in the computation of enthalpy

2-1(@)
2 2\0oT
p- P P
FUNCTION HSSLVF(PS)

Function used to compute saturated liquia enthalpy from saturatec
vapor enthalpy or saturated liquid entropy from saturated vapor en-
tropy given pressure PS and temperature

HSSLV = 22 AV

T
SUBROUTINE ENT(KU, KR, T, P, D, 3, SL, SV)

~

Compute entropy S given temperature T, pressure 2, and cen-
sity D. Units are specified by KU. The region is specified by
KR. K KR is specified as 1, the saturated liquid and vapor en~
tropies SL and SV, respectively, are computed as a function of
T only.

SUBROUTINE SSLV(PS)

Compute the saturated liquid and vapor entropies given pressure
PS and temperature

SV from SSS, and SL=SV-HSSLV
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FUNCTION S33(PS, DS)
Compute the entropy in region 3 or the saturatec vapor entropy
given the pressure PS, the density DS, and temperature.

T p
5= / Cpy d(In T) - R In(RTp) + R. _1_<a_13> ip
T T

o 2\aT
p
0 0

FUNCTION STINTF(TS)
Function used to compute entropy based on the temperature T3

TS
/ Cp0 d(in T)
T

0
FUNCTION SDINT(DS, DSL)

Compute the integral in entropy from the density DSL to the cen-

sity DS
DS

AS = -1_ Q dp
2\dT
p Pt

DSL
FUNCTION SDINTF(DS)

_....-The integrand of the function used to compute entropy

1 Q)
2 \oT

p ’p
SUBROUTINE SPCHTV'(KU,KR, T, ?, D, CV, CVL, CVV)

Compute the specific heat at constant volume CV given tempera-
ture T, pressure P, and density 0. The units are specified by
KU and the region by KR. ¥ KR is specified as 1, the saturated
liquid and vapor specific heats, CVL and CVV, respectively, are

computed.
_au _A[H- (®/p]

Cv

AT AT
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SUBROUTINE CVP3(KVP, KR, CV3)

Compute the specific heat given temperature pressure and density.
The region is specified by XKR. This routine is usec to Zetermine
the incremental changes in internal energy U, and enthalpy & for
computation of specific heats at constant volume anc pressure, re-
spectively.

SUBROUTINE SPCHTP (KU, KR, T, P, CP, CPL, CPV)

Compute the specific heat at constant pressure CP, given temper-
ature T, and pressure P. Units are given by KU and the region
is specified by KR. I KR=1, the saturated liqui& ana vapor spe-
cific heats, CPL and CPV, respectively, are computed.
SUBROUTINE SONIC(KU, KR, T, D, GAMMA, C)

Compute sonic velocity C given temperature T, density D, ana
the specific heat ratio GAMMA=CP/CV. Units are specified by
KU and the region by KR.

SUBROUTINE VISC(KU, KR, T, D, MU)

Compute the viscosity MU, given temperature T and gensity D.
Units are specified by KU and the region by KR.

SUBROUTINE THERM(XU, KR, T, D, K)

Compute the thermal conductivity K, given temperature T and
density D. The units are specified by KU and the region by KR.

SUBROUTINE SURFT(KU, KR, T, SIGMA)

Compute the surface tension SIGMA, given the temperature T.
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APPENDIX B

NT'NO LISTING
The following listing of the master program NTWO displays the major lagic envolving XS and XP,

SUBRUGTLIL (T Wl (NS eh Pyl or gt pttonr)

COWPLEC THE STATL RELATEIUCAS AL TiLaM OV NAMIC A%

TAANSPURT PRIPEaTiLS OF MLLLCULAK VITHOGFY GIVEN TLWOPERATURKE T,
PRESSIRE vy UrNSITY D, Ut INMTHALPY &y,  STATE CTLATTONS ARE
SPECIFIED mY KS.  THLAMUOYSANIL Ax] F-aNSPURT PUOPERTISS

ARE SPECIFIC) oY ®P.  4F RIS e Tyene) 0d SPICEREED AS 1,
PROPEATEES Ane LHMPUTI D A1 SATar At i,

Lol o N o NN N N N

DRMENSIUG RPELU32)y KPL2132), KPLIEY2) APCaEI2)

COMMYE /NCIRI UL oY oL oY s 30 SLe S UL Y 4 CVL o (VY CPLLPL, PV ANMS,

Mo GARMAY ColL gL VB oMU MUL WUV oMLKV 4 STuMA

MEAL MLoHLL s MUV oK oKL o RY

DATA KPCL £253000 7010011 o000i%elas9,220230250272334300 44, 18,30,
139542, 43, 46,47, 3195455098039 462 08637

BATA RICZ 7645000 Te02003000,08020027022:2342%427,30, 5103+ 17, 34,
BO0 04043, %0947, 52,53: 54435 ,60+61 002,637

BATA RPC3I /78,90 0000300l ol 30l802d420425,20027024429, 870 11:40,41,42
BODo 409 4% 461 55:50457058:59,00001 442 4437
BATE RPCS 00017, 1%19020020022:43020025420027,2%,29,30, 1,
B000 49: 300 350 520531589 994505T7,508.:59 00 001 » 3

6 M 110,20,30,4C) 488

CONPLTE DENSITY
10 CALL DERIIRU, T P,De0L 4DV, RA) Y
®w K

[ X 0 4

CORPUTE PRESSURE
2€ CALL PRESSIKU, 1,0,P KR} 1
® ™ s

(1.1,

CONPUTE T NPERATURE

36 CALL TENP (KULP 0, ToRR} 14
-

CORPUTE TEMPL.RATURE AND OENSETY GIVEN PRESSURE AND ENTHALPY
48 CALL TEIPPHIRUIPoNoToDoDL B Y IR} t?
80 IF MROOIRP .20} 80,70,00

LT}

CORPUTE ERTHALPY

nor

ugt n-ou.-.t.o.-.u.n.m» 14
® el N
:u-r.mn 86,100,80
ﬂtﬂ
[N ]
[ A
: CONPLTE ENTREDY
. GO CALL ERTIRUIMRLTLP,0, S5 5o SY) 0
156 90 128 e02
SPANP~EIC 201 1) 12C4130,120
15e Continge
- % e
¢ .
13 CONPUTE WECIFIC MEATS
¢
B30 CALL BTN TVIRU MR T +P,0 5 ¥ L VLCYVI 13
CML SIHTPIRG, R .l.o.c'.cn.c!n 3¢
200
4
(1]
o TaBY.GANNAY,LVP) 47
2 SARNA
CALL BENECIRUGER 3 1,0 GARNA,C ) «r
148 89 130 $o1,M2 .
IF SRP-RPCIEEND 1504100,150
150 CONTINLE
®
3
[ 3 CONPLYE vISCOSETY
c
16C TF (R NE.1} GO PO 2IC
CALL JENHIRUG TP 1) )L sU Ve ) 4
CALL WS tnuekn,aF )l o ML) Y
CALL WIF.(RUGRR 4T 4 svemuv) X3
[T AR NI V]
E1C CALL VEXK (AU RN 4T, 0400 T
170 07 257 Ishes2
LFERp=aP &l D) 252,0300050
50 Liellae
w oI
3
z CONPUEE TnERmAL COmB JEVATY -
~
pot .-.u ¢a s 1 \
o-o‘t.u.n . (1)
un.n [ '
"
“
Lral e LEEPUTR MRFACE TERSION : ]
- .ln "5"‘:' (L8 AL 1] s s
1

- ; " BB Wm"‘“‘"
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QU ENATIONS SHEET FOR SUBROUTINE NTWO
SUBHOU PINE NTWO kS K Lo D, I\I_ h!(

N O
\ \
\ ! \ \\ VAN Ttemion
'| ', \\ \\\ Kit 0 Unknown, check KR returned
\
vt Vv Kit 1 Saturation
[ vy
[
1 1

LR KR 2 Liguid

KR 3 Gas and or fluid
\ R
\\‘\ \\— Enthalpy, J ¢

Y\ Density, g oem

o= 3300 atm

RRR=3
T = 126,20 K
\\‘— Pressure, atm

- Temperature, K

L Thermodynamic and Transport properties’

IF'emperature,

\ i ‘|(I Vapor
! Entropy, $

‘l KP 0 Only P, T returned

|‘ KPP 1 H Enthalpy, J.g, (H), (HL), (HV)

l‘ K®? 2 35 - Entropy, J (g(K), (3),(SLi, (SV)

l‘ KP 4 Cv Specific heat at constant volume; J/(g)(K), (CV), (CVL), (CVV)

\ Cp Specific heat at constant pressure, J/{(g)(K), (CP), (CPL), (CPV)
\ 1 Ratio of specific heats, Cp/Cv, (GAMMA), (GAMMAL), (GAMMAV)
|| ¢ Sonic velocity, cm/sec, (C),(CL), (CVP)

‘. KP.8 ;1 Dynamic viscosity, g/(cmi(sec), (MU), (MUL), (MUV)

'| KE 16 k Thermal conductivity, W/ (cm)(K), (K), (KL}, (KV)

‘\ KP:32

Surface tension, dyne,/cm, (SIGMA)
 mput specification of independent properties

Ks 1 p: (T, P); given T,P find p
KS:2 P - (T, p; given T,p find P
K3:3 T: {P,; given P,p find T
K3:-4 T,p- (P, B; given P,H find T,p

COMMON N2 KU, DL, DV, HL, HV, 8, SL, SV, CV, CVL, CVV, CP, CPL, CPV, GAMMA, GAMMAL, GAMMAYV, C, CL,
CVP, MU, MUL, MUV, K, KL, KV, SIGMA

At the beginning of the user's program,
set KU:1or 2 and
CALL TAGSCN (tagged arithmetic)

When working near the saturation locus, check KR#41 each timé to be assured of nonsaturation calculations.

If TAGSCN is not available on the machine, contact the authors for a modified backage.
SAMPLE PROBLEM

CALL NTWO(2, 31,80., P, 1 254, H KR)

The program has been asked to find the pressure P, corresponding to a density of 1. 254 g/cm3 and 2
temperature of 80 K. Furthermore, the program will return values for H, S, Cv,Cp,»,C, u, and k. The

vilues of H and P are returned through the call vector and the remaining values are returned through
the COMMON statement.

*For example; KP 1.2:3 will return enthalpy and entropy; KP-1.8,16=25 will return enthalpy, viscosity,
and thermal conductivity; KP:1.2.4+8+16-31 returns everything except o; KP=2 will return entropy.
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TABLE II. - PROGRAM ASSEMBLY
1. Set up the return of thermodynamic and transport properties

COMMON/N2 /KU, DL, DV, HL, HV, 8, SL 3V, CV, CVL, CVV,
CP, CPL, CPV, GAMMA, GAMMAL, GAMMAYV, C, CL,
CvpP, MU, MUL, MUV, K, KL, KV, SIGMA
2. Set up tagged arithmetic (if not available, see notes in the subroutine
FORTRAN listing).

CALL TAGSCN

3. Establish the units you are working in KU = (specify 1, 2, ).
4, Add your Program here,
5. Add NTWO Package, or BLOCK DATA and required subroutines.

_.—Data

_ —NTWO Package or BLOCK
DATA and Subroutines

_ —Main Program + Subroutines

_—KU-=1,2
__ —CALL TAGSCN
_ _——COMMON/N2/-etc.

— —Program Dimensions, Common, etc,

——Control cards
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