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PREFACE

The authors would like to express their gratitude to the Computer
Science Center of the University of Maryland for matching sponsored comp-
uter time on a one-to-one basis and for generously granting additional
computer time when the computer time paid for by this contract and the
matched time were exceeded. This program is under the technical direction
of Mr. David M. Dancer of the Federal Railroad Administration. His cooper-
ation and his administrative as well as technical contributions are grate-
fully acknowledged.

This report is the follow-up report to FRA-ORD 76/299 entitled
"Thermodynamic Properties of Liquified Petroleum Gases (LPG)". While
report FRA-ORD 76/299 discusses at length the development of the under-
lying thermodynamic equations and compares the results of different equa-
tions of state, the present report gives extensive tables of the thermo-
dynamic properties of propane, propylene, n-butane and ethylene and also
presents and explains the computer program which was used for the evaluation
of the properties. In addition, the accuracy in the computations was

improved; the presented tabulated data reflect this improvement.
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I. Description and Use of Tables

The thermodynamic properties of propane, propylene, n-butane
and ethylene were calculated using Starling's equation of state. A
previous investigation by Sallet and Wu (ref. 1) showed that the thermo-
dynamic data of hydrocarbons which are currently available in the open .
technical Titerature are too inconsistent to be used for two-phase flow
calculations necessary to properly size safety valves. ‘In addition,
Sallet and Wu (ref. 1) compared'different equations of state and found
that Starling's equation is best suited for the calculation of the thermo-
dynamic data of hydrocarbons in the temper§turg and pressure regions which
include compressed 1liquid states.

Saturation-temperature tables are given for propane, propylene,
n-butane, a 65% propane-25% propylene - 10% n-butane (by mole) ﬁixture and
ethylene. The mixture is treateﬂ as pséudo:f1uid, as described by Sallet
and Wu (ref. 1). The individual saturation temperature tables have two
parts, in the first part the temperature, pressure, specific volume,
enthalpy and entropy is listed and in the second part the temperature and
pressures are repeated and the specific heap.at constant pressure, the
specific heat at constant volume and the sonic velocity is given. The
saturation temperature tables given the fhermodynamic properties at two
degree Fahrenheit inferva]s within the following ranges: for prdpane,
from -50°F to +196°F; for propylene from -50°F to 190°F, for n-butane,
from -50°F to 294°F; for the propane mixture from -50°F to 164°F and for
ethylene from -50°F to 42°F.

| The thermodynamic properties in the superheated vapor region and

the compressed 1iquid region were calculated for propane, propylene, n-butane,



and| ethylene. The temperature intervals are 10 degress Fahrenheit and
the| properties in the superheated vapor gnd compfessed 1iquid regions
are given in thé same table, i.e. for a given temperature the properties
are tabulated as a function of pressure. The pressure intervals are

10 psi with the lowest pressure selected being 10 psia.




Saturation Temperature Table of Propane
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Table II-1 (Continued)

THERMODYNAMIC PROPERTIES OF PROPANE USING STARLINGS EQUATION OF STATE

SATURATED
VAPOR
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Saturation Temperature Table of Propylene

Table II-2

THERMODYNAMIC PROPERTIES OF PROPYLENE AS 61VEN BY STARLINGS EQUATION OF STATE

TERPERATURE

PRESSURE
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(Continued)

Table II-2
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Saturation Temperature Table of N-Butane

THERMODYNAMIC PROPERTIES OF N-BUTANE USING STAhLINGS EQUATION OF STATE

Table II-3
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THERMODYNAMIC PROPERTIES OF N-BUTANE USING STARLINGS EQUATION OF STATE
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Saturation Temperature Table of a 62-26-10%

Table II-4

By Mole Mixture of Propane, Propylene, and N-Butane

THERNODYNANIC PROPERTIES OF A 65-25-10 MIXTURE Of PRIPANE,y PROPYLENE ANDiN-QU!ANE BY MOLE WEIGHT USING STARLINGS EQUATION OF STATE
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4 (Continued)
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(Continued)
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THERMODYNAMIC ‘PROPERTIES OF A 65-25-10 MIXTURE OF PROPANE, PROPVLENE AND N-BUTANE BY MOLE WEIGHT USING STARLINGS EQUATION OF STATE
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Table II-5

‘Saturation Temperature Table of Ethylene

THERMODYNAMC PROPERTES OF ETHYLENE USNG STARLINGS EQUATION OF STATE
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(Continued)

Table II-5

THERMODYNAMI C PROPERTIES OF ETHYLENE USING STARLINGS EQUATION OF STATE
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Superheated Vapor and Compressed Liquid Tables of Propane

Table II-6

THERMODYNAMIC DATA FOR-PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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THERKODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE

SPECIFIC VOLUME
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Table II-6
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Table II-6

(Continued)

" THERMODYNAMIC DATA FOR PROPANE GIVER BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA‘FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table 1I1-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6
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THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-6 (Continued)

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table 11-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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'(Continued)

Table II-6

‘THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table I1I-6

THERRODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6
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Table II-6

(Continued)

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6
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(Continued)

Table II-6
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Table 11-6

(Continued)

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION Oé STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-6

THERMODYNAMIC DATA FOR PROPANE GIVEN BY STARLINGS EQUATION OF STATE
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Superheated Vapor and Compressed L

Table 11-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE

%

TEMPERATURE= -40,
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(Continued)

Table I1-7

THERMODYNAMIC ODATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC OATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

.IMERHODVNAHIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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.

20.

TEMPERATURE=

SONIC VELOCITY

ENTROPY

ENTHALPY

SPECIFIC VOLUME

PRESSURE

CFT/SEC)
.
L]
L]
L]
L]
L]

(BTUZLBMZ°F)
0
4
5
9
3
3

(BTUZLBM/OF)
1
9
8
9
2
2

~$ONO < O 0o
ONO=NNNNMD
AN ONN e
VN =00l 0O
MM MY N N N
e0 000 s
e

- (BTU/LBMZOF)

N ORN Or2
0O NN NN
R A A L A A A 2

(BTUZLBM)

—NO00™ Mg

O ANNO
DN NS OO

(FTS/LBM)
s
E
4
1
3
2

YAPOR

UPERHEATED
SAT.

nNoO OO0 0ON
D000 I00m
R EX
20000000
=N M NONA

(PSIA)

mMQOM”V\V\QQQQNFMNQOM\IQNMFOPOHPFMQQG)V\NNOFMFNO
QNN O O AN F YOO N OO A0 of FIF OO 0D T F000 0O A e OO O O AN IOWWN OO O OO O
QNMQNMFONP\OQQMN”OOQOQFNMNV\”@NNNN@W\Nmmmv\mml\"’\l\‘
N0 70 (P e A0 70 QD INCR - 00 A0 O~ 00 A0 OM e LT e DM OO 1= <2 O (N 11 O ¥ 20 O O N
Il....l............I..I....l..........I...I....Il..
IO I v= 8 0OF VN IONRA O AR OO O 0N 10 O O MROOMO QMO0 M GO O AN O AN 60 Ak
Q""-NNMI'\NQQMU\OOONNNWOOOQOQFFFNNNNF’\MQQQU\V\V\ VOONN
P i AP i A AP e P P e A Pt P A P 0000 D 2000 06000 V0
mmnmmmmmmmmmnmnmmmmmmmmnmmmmmmnmmnnn

ONM“OMNOFH\OQQ%PV\OQOMNQFMQOMNNNOPM\OQDQQMNMPOO
=N O3 ONIAT OO MM DTN M 0NN P OO T MO A 1= OO A DA 2 O NP GO N O < 0
PN Eg F N0 ON A 00 GO0 O O O v= 0= 1= NI NI AF S AN N OO M S0 B0 Of O OO = v= UM MW <8 ST
060 WO OO ROROPARIPIOIROOORROOODOOOOCODOOD
a0 €000 00 a0 00 Lohcaal aboakogl-ake X . No No No NoN
OO I NN IO 08 (NN NN OO DO O OO M (NN VO OO N 0NN N OO O A A A
..I..I.............0......'................l..ll..l

W\NF\NFNQOWFQV\Q"U\NQQQQF@NONQOM'\NQQNOOOQF\?'\FOFNV\NPF
ANOMNRTINROMMROINEINGMSANOO VD S0 O FOINOD =AM SO M OAN 0 W =00 VA
CON N 7~ O 00BN M= O 80 QN M= OB AT A~ O A OITMNOOMN QMO0 N O MO O 00N TN
VUNMN NN T 8 <8 < 2~ MM MM MO ONIN NN = = e e e e OO0 OO0 O O O 0 00 O 00 7060 00 W00
%070 0001000 0 000 VOO0 VOO0V 00 V0 Q0 GO0 O 0G0 00O O DWUAIN N WA N A LA LA N AN
AN AN N ININIA N NN NN D NN NI IANIAA DN VAN N OIN A LAWAN A DA DDA A WA
98 00 6006000000 0000 060600080000 00000006060600008000666s00ss0

O MIN A O N O O = MO DO MIN O NN QNN ONN RO A SO M N 0 MO O =8 I O NIV 00 =M
00N MM O RO DA OO NTMMNE SO0 MM A OV 8 MU == 08 0O O VI M M e O OO0
QQmQOOQQOOOO\‘)OOOOOOOOO””QQOQQOD”@nnh'hhhhhhhhhhhhhO
AN NN NN NN N 1 1 1 1 1 e 1 e e P = P 7 P T T P T T T ¥ ¥ T T T 1= v Vv v
PO PO OROROOPOCOROOOOOOOPNOPONCCOCROIOOROOORIO P PRI
6 806 00008060600 0080600606008 0800000600000 080 6 0600 00008 00000 00

QFMV\F’\FOQO\'NFO@OU\QNFQOQN VNN OO P DO 0000000 ONN
A0 DN~ VOO = MNA OO E OO O INA O = M N O M LAN 00O NI O 0O NI~ VLONITODON
00 OO OO0 O ™ v v v NNNNNMMI MM I $8 2 2 - VNN N0 O 000N A DAL 0 0 DU 0 RO

e 8 68 00600 0 0 50 s 00 ® 8 06850600 000 0000080060 8000000 0e0e008seea s
OO rrrrrrrrerr— - e e e -
e O ot At e i e el st ol oal gt - X X ¥ No N-N. ¥ ¥-¥. No Xo ¥ ¥ N N N N NN N N NN e T e e B
AN IO O SIS IO NI IO NN A OO I O I (A N IO O NI AN A AT A A NI NI NI

0N OO FOMMA =N BN V=N O T MM v~ DO O F VMM N O NO N O TO M aMhNAN O~ 0T
O VUM Q ONNIMMAINEEOROXN NN OO NITMMNNE =D 00 OAA OOV £~ N
020 3030 00 000 A0 KO 30 WV A0 AW IV W VAP A NN AP P MNP A AP AN A 00000 VOO U O VOO0 D
OO 0O COROPOOO0 RO OP OO RO RCOOPIPOIORROCCRIIRIRIIN
AN AN NN NN NN N OO NN O N A O NN NS NN O A OO N N NI A I R NG
OO 000000 0000000000000 0000DCONOO00000DDODOD DI DD

a
-a
Dw
agna
) -
- D
xo
“Q. e
-
<O

Ll

~ CO0000000000000000ID000D00D000IOIDOOIDOIDIIDIIIDOID
!"ODQOOQOOOOOOOOQQQOOD:OQOQOOQDQOOOQ:DODDQDDDDDDDDDD
$ 0 00 5 0040000000000 0000000060606060600606¢060 06806 tacsaosessocse
OOOOQQOOQOOOOOQOOOOOQOQOOQQOOOODOO:DOOODO333 22320990 D
N”QOFN'\QV\ONDOOFNF’\QV\ONQOQFNF\QﬂONﬂOOFNV\QI[\ON VRN O

T e e e e e e NN NN NOIM M MM MR W S 8 N N AN A AN

55



(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE

40. ¢

TEMPERATURE

SONIC VELOCITY
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC ODATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE

90,

TEMPERATURE=

SPECIFIC VOLUME

SONIC VELOCITY

ENTROPY

ENTHALPY

PRESSURE

G13/708m) (6Tu/LBN) taTusLBN/ OF) (8Tu/LBN/ OF) (BTu/LBN/OF) CFT/SEC)

(PSIA)

WP A NN DN T GO MO OO0 O M0 O
N O N0 O SO XD 0N Q VW= MO IO
AW ANCO Ot e N R N N O
0 e Qv M8 e P N P e OO P

®e 0000000 0000000008000
P A0 N0 O NID O MR- GO0 v=v= =0
W MM = OO0 00RO VN M v O
00 20 60 A0 QG KV AWV AWM PP Pale Aol Pl Aol P

ND v+ O-TO M P o= OF MR- e 00 Mo pe= 00
DN VOO QM) OO OO O O
=M OO MO0 OO ONO> VO X
QOO PO v QO OO N PO

P00 G0 M@= <8 P o= 0000 P00 OO0 O *= O =0
VMO0 MOOO e OM AANND 7O
VM AINOT ORI O OO PP g N
MO M OMO e A g o= OO ON O™ o= O
AP Q00 O Ov= r=J MM ON O =M
MMM 8 F 8 8T T 82 Fnnn
® 8 068000608000 04009 0000 0o

=~ PP A0 ~F N0 O~F O NN MAUN O
00 NMN N0 NI B0 P O OV =N O g
O NI VWN OO0 A O 7 0P OM O <F OV -
N OITMN™ OO VDM OO WUN I8 2
YY) OIS O IO (N O AN O
® 00000 0s00s 00000000000
T S Y e Y e

O NITOMNND— O OMG OO0 ™ Mt
CIOMAC AN 7= AA O O O F00F
OO v NN A= =0 O 00 OF NO OMOT O
R R R Y N
WM 0N M A= OO B ONF M= OO A OO
90000000 2000 00 GO AP A e 0 00O
A B APRPIF R EP AP P RPN IV T 0 AP

IO NNLI0 T F0 RO AN D TMO
NO X O AP (VS ™ W MU
NN EO R NITY S0V F N0 = NN N 00 O
MANEO OMNOMO NN OO QB AWNE
QWA QO V= =i NI N ON O™ NIy
P NVN MO VO I =00 AN OO VHNIN

46600000 s0 00008000000
MO M e -

TED
VAPO K
VAPOR

SUPERHEA
SAT,

CO0D0000000 000D 000000V
02200000V DO0IO0DOO0O0OR
0000006000000 00000
0000000000 0000 OO0 SON
EANMINOND D~ ANMENOND OO0

e ceeeteeeNNN

GO WUND 78 O 00 OO F=OMO KON M O O M O G 00 N\ PP = f GO PP
QO OP N NOA0 PO #= O 8 F TN MMNNQFV\V\MQQV\OQNQQQNO

RN O O O\ N0 N MO O O NGO Gvm O Gvm e (P AU (NP
WO ON00 MO PO Owr AIMIN SR O O M0 OO OO ¥ += NI M g AW
AU MY MIV M 8 88 8 8 8 0 LN A AV WA WA
N OUONN (N NI SO N O NN AN D O O N OO0 OO N AN (N AN O

QQ”NM‘\I‘\O40M\MPNONOOOQNFNOFGMOFOMDOONQNQ
O VW 8 F WO P AP VNN OO O N QO VIO OLr OO DVOON A
NNQMCMV\ONOOMNFI{\QV\NFV\QQQMQNNNNPOFONNNN
ll\~l~'MN*QOODNNOOV\QQMMNN’-QOOOGQNNOOV‘\V‘\Q4"\
MMMMMMNNNNNMNNMNNMNNFF'-!-PPFF!-'-FF!—
0090 0000 V0V VOV VOV VO VOOV VTV VL VOOV VOV VOC OO
® 0060000000000 00000000000060000060606000 00

MQNONMPQNV\MNQﬂNV\wINFOH)NV\QMNFQOQNOV\QQMN
NFQQ'\W\QNFOOQNM‘\QMNFQDNOV\QMNFQDNOV\QF’\NFQ
!‘!"—QOmDQQOQOQOOQOOO”ﬁﬂﬂmmwﬂﬂf\hl\hhl\l\l\l\
QQQQQDQQQQQOQOOOOOOOOOOOOOOOOOOOO‘000‘OO
QQOOOOQOQQOOOOOOOOOQOOOOOOOQOOOOOOQOOO
® 006 000006000000 000000000000600000000080808
e e -

MOMA = O AN DT =0T NORNME DR M AN N OO~ Ng Q00
NEIMNNEe Q0000 00000 MM A A AA A NS00 00 a0 00X} 0O
N T I T FFE T E T NI MMM M M MM MV R VLYY N VY
® 8080006 60 0000060000060 06006000000060600s060ae08
N OO OO A IO AN OO I A OO (U O A 0303 O A IO (N AR NI A
MY I MY I I M R M M M N R R M M0 M R R N N A N Y
FY MM M M VI MV M R VI M MY R0 M) M) MY 0 9 N NV N MY e MY

NOQDN@QD”NNOFOFOFNNNF\OGO()NWDNF’\DCF’\D L eLg
=RV VNMNODN M NSO ONMNAIOO N ONMNIND 00 ON N0 ON
4~'vf\~1nmV"\NNNNNNF'—FFFFFOOQQOOQOOOQOOOI}I’W
F’\mm"'\mmMmnﬂ\ﬂ\mmn"'\"\mV\l"\ﬂ'\mﬂ'\ﬂﬂ"\f‘JNNNNNNNNN
mnmnmmnnnMnmnnnnmmnmmmmmmmnmnmmmmmn
Slslslolele slolslolalalalalalalalalalafolola lo ta Yot Tt Yo to Yo Yo Py e Yo Py ey
© 0680000000000 000000000000000e000000000

o !
-_o
Dw
gna
L X% ]
~w D
xo
Y-
(=3 ]
<O

N

0 000000000000 0000000000I00D000I000300
OQQOQOOQQQOQQDQOODODQQOQDDQDDDD303’3:’33
@ 0 605000000000 0060000060600606606000008c00sse
NOOOO000 0000000000000 DO000O0ONOOOODD
QFNI’\GV\O'\”OQFNF’\QﬂONSQOFNmﬂwONEOQFNF’\JV\ON
NNNNNmNM\J"\M"\anMF\M"\~'~'~'4*'444 NN ANANNN

62



(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table I1-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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Table II-7

THERMODYNAMIC DATA FOR PROPYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-7

THERMODYNAMIC DATA FOR PROPYLENE -GIVEN BY STARLINGS EQUATION OF STATE

TEMPERATURE= 170. ©Of
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Table II-7

(Continued)

THERMODYNAMIC DATA FOR PROPYLENE GIVEN 8Y STARLINGS EQUATION OF STATE

¢

TEMPERATURE= 180.
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d Tables of N-Butane

1qul

Superheated Vapor and Compressed L

Table 11-8

THERMODYNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE

20.

TEMPERATURE=

SONIC VELOCITY
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(Continued) -

Table II-8

THERMOODYNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE

40.
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(Continued)

Table II-8

THERMOOYNAMIC OATA FOR N=-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table I11-8

THERMODYNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table 1I-8

THERMOD YNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table I1I-8

THERMODYNANIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table 1I1-8

THERMOD YNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-8

THERMODYNAMIC DATA FOR N~BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-8

THERMODYNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE

TEMPERATURE= 220. °F
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(Continued)

Table II-8

THERMODYNAMIC DATA FOR N=-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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TEMPERATURE= 200,
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(Continued)

Table II-8

THERMODVYNAMIC DATA FOR N-BUTANE GIVEN 8Y STARLINGS EQUATION OF STATE

O

TEMPERATURE= 240.

ENTHALPY

SONIC VELOCITY

ENTROPY

SPECIFIC VOLUME

PRESSURE

CFT370BM) (BTU/LBM) (eTu/LBN/®F) (BTU/LBAM/OF) (8TU/LBN/%F) (FT/SEC)

(PSIA)

21 CRAN O T MO GO0 1) IO 7= A MU F P W= P (0 WV OO N NG 7= == 0 OO0 M O~ A0 D 0O O
00 P ~O NN ¥ 80 MO MGOM M P Ch 00 ~8 O S0WAID 7= Ov= 1= W ~F ) OO Pt 1A OO0 807= QW0 O =00 7= T O O o=
N WO N F PO 0N N 0 O WV O # A0 M O N Mg OO0 O 00 FO MWD F NOW= M- -F -7 O
NQ%U\FNFQﬂmm\mhihﬂv\oQONF\MONFMMDNMMQQQF\PQQOQQFQ
....‘..................ll.....l..!..........‘.......
0 200 NO OO O ARADD O NRE O 0 O Qv = Nr= OO Fe g QOIN ~$00 P20 NN O OP N 7= O <8 (N0 A= - IO
O O S0P P= \O WWWE M MIT= o= (IO 00 e 20 OV ~F M #= O 808 \OWN VNN O 00O Qv o= NI ~F NN O 00000 O #=v=
P e PafuPe P AaPop A Pabee P B 00 10 100 0 G 0 O WU MU NI FVNSE 8 T 8 8 F 8 28 8 T2 T Nvrwn

T T e T e e T e

EMQOQMNMQFQOQQOQFQV\OQFW\*’ONN&'MI\OQ&QU\ONONMONON
= G0 OF ~F U1 00 NP < CINT 00 M= 7= ~F O O3 (NN (N MO Ve O 7= SRANO NI 7= 0PN g Niv— O 0 Oy
20 0000 O s (0 O OF= N~ O 10 QNN DN OO WNO \ON D0 010 00 VNAWVVIN ~I-F <8 ~F MMM NN N
2 WO M 00 O O N MO A 00 OO NMZINA- Q0O 7= ) ~$ 0000 ININ NING NOSNIN NN N NN NN O3 NG
010 000 O T A Pl i A A 6000 00 0000 00 100 O O MO OO OO OO0 OO 00 COO 0 OO0 OO0 0O
& T BEF DT F T T EFFEE T T T FF FIF NN DWINTTHN NN NINININ VWD N N
2 0 88 % @ 550 8 0885 0008000 88 00 00600 03 00 550 0 0000 00s e S0 e

,

AN O MANO NN O O 00 N 0N Ov= OF O O 20O =8 VO™ IO = NO=NOSTO0 000
O M OO0 M OO N N NIOOE MO A =N A O N0 O A 00 F - N NOM M OeENO NN IO ™= O
VO WV OO N =00 = O O O 2= OO O NAO O F O A OONOOONO OFTMN ANIMG O MO
O N 2 O AINID AN O A0 = 1N O = A ) ©00 Y00 0 NP0 +F A OO0 M= TN MO DN M= O A NN O A O
O O OO0 v =\ N AW F ~F 1WA 0 O M= 0000 OO v= N ~F N0 O O 300 S0 00 M A a0 O O OVUN VUNIN T 8 8
& N RN DA N WA NN N DAVHN N0 00 0 00O A AL Rais Po Al P A Pe fa Ae A i P PP e A RR
2 © 00 00 58 0 5 005 080 0 0 6000 09 00 TS0 G000 TSSOSO RSN 0en e e

O P OMIP 00 OO F VWm0 0 ONRI O v= e COM O A TO M =1 A 00 00 =T O 0= F O OMPO T M A N
N N0 O QO O O N PO O A D OM N 7= 7 0 MO Niv= O 0 NO R N N MMAN OO A
W= 00N OFO 8 OV OV A O O ¥ 7= 0N IO A - O 00 A A A puPe A 00 00 0 OVINNINININ -7
= O A0 WA 2 I IS = 7= OO0 © O O~ O~ O 000 aDG0 A= A e NI NI NN N ARG NN NN N Ny
N IO CSOININ (N ORI N (SO e 000000000000 0000000000
MEEEEEEEEEEEEEEE I BN NI B RN A A IR R R I B B B B I B I I A
- sk o - —— e —er e - e

N O 0NN N OO NI MXON N O N e OCI0 F OMEF DUHRAR = AN INA =0 e O M-00nNNo
= A= O\ FICONINE AN WARIO OO o= F WA NIA P N NN OO F o= A = FON VO N SO O OO O
O v OO TP O = FRN O WO NNNNT™ QO MNND TN e Q0O oM OGN F M N 00
@ ® 0 8 0 GO P 8 0 S8 8 TE G P S H S PSSO B0 00 E PSP e a0 e
00 00NN N EMNN N OO0 PP O N 7 N = O 00N O NN NN 7= 7 e P e e T e e e e e e
—r e rrerre 00 O 000000000 000000 0O 000 000N - OO0 O OO O O
B8 TG E T FT FE TP T FTF T T TOFIM PRI NN N NN N NN N NN N NN NN N

N O NIVe= MR- 00 A 1= 10F= -F +8 N0 N OO (A O M= N O N0 O OP- O N OO0 MO O NININY 00 MO0 0N
O ¥ OO 00 O~ NP = OO0 & W WP P O 7= F Mg DN O 8 =0 O M0 ¥ MND ONP- MO INT A IO OO
O OMIMAHACRN O F O-ONE= LA ~F PO P N O N A o= A AN M AN o= @ OO0 OO 00 60 P A M 0 OOV P -7
O NN ANONOIO NV NO TV NN O MO D V0O NNV T T I I T I I IITT S
= AN O i F IO 7= A WA R NGO O N = GHA N O M e= 0 MMM M MM I VP N M8 I e
00 M= =g O PN = OO0 0000 A0 O VNN F 2 MMM O 000 0000 0000000000000
0 0060 000 00606006000 8050008090000 006000s0600005000060cs00cocesso
N O NN~ e

o o6

[l

2wna

FVIe

-y

-

xa Qe

-l

-0

A
VAPOR

u
SAT.

e
v

O 0 CO0 OO0 OOONO000 00000 OO0 QOO0 CODO0OO0 00000
000000 DOOOOO0O 00000 COCOOCOMMAOO OOOO OO0 O0DOO0OO000O
9 8 S0 9 0 S 00 0 000 G PO P S SO0 S PO P E 0P S NS SC 20 80N eeS e 00
0 0CO0 OO0 OOOOG OGN 0000 OO0 ORNNOOO OO0 DOO00000000000
- NN OO0 O ™A F N O 60 0O NMFIN O M OO0 0 O OF NMTNO A DO O™ NMFNOM 00O

T e = e e N RN N A N NN NN I PN MU 8 8 P8 T8 T TN

83



(Continued)

Table II-8

THERMODYNAMIC DATA FOR N-BUTANE GIVEN BY STARLINGS EQUATION OF STATE
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SONIC VELOCITY
(FT/SEC)

(BTU/LBN/OF)

(8BTU/LBM/OF)

TEMPERATURE= 280. °F
ENTROPY
(8TU/LBN/%F)

ENTHALPY
(BTU/LBM)

(Continued)
THERMODYNAMIC DATA FOR N-BUTANKE GIVEN BY STARLINGS EQUATION OF STATE

SPECIFIC VOLUNME
CFr1320BM)

Table 1I1-8

PRESSURE
(PSIA)
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Table 1I-9 Superheated Vapor and Compressed Liquid Tables of Ethylene

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY STARLINGS EQUATION OF STATE

TEMPERATURE= =-50. °F
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(Continued)

Table II-9

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-9

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table II-9

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY ST ARLINGS EQUATION OF STATE
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(Continued)

Table II-9

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY STARLINGS EQUATION OF STATE
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(Continued)

Table 11-9

THERMODYNAMIC DATA FOR ETHYLENE GIVEN BY éTAILINGS EQUATION OF STATE
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