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Introduction

PhaseCalc for Steam (PhaseCalc) is an implementation of the internationally recognized
fundamental equation for the fluid properties and phase behavior of water. The International
Association for the Properties of Water and Steam (IAPWS) web site at http://www.iapws.org
contains details of the 1995 Release of the Scientific Formulation' (IAPWS-95) on which
PhaseCalc is based. This model was chosen over the 1997 Industrial Formulation® (IF97)
because of its thermodynamic consistency over the entire range of pressure and temperature, and
because of its superior accuracy. More information about the TAPWS-95 implementation
developed by Tomcej Engineering Inc. (Tomcej) is available on the Tomcej web site at
http://www.tomcej.com.

PhaseCalc can be used to predict the properties of water and steam over a wide range of
pressures and temperatures of industrial interest. It can be used to analyze the performance of
process equipment such as compressors, valves or pipeline systems, where water or steam is
involved. PhaseCalc also includes an implementation of the IAPWS formulation for dynamic
viscosity’ and thermal conductivity” to assist in these process calculations.

Tomcej Engineering Inc. Revision 1.0.1
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Program Capabilities

PhaseCalc runs essentially like a spreadsheet. By specifying any two independent properties
and/or a condition from a given set of options, the program solves for the remaining properties.
At present, the program will calculate the following properties:

Table 1. Primary Properties Calculated by PhaseCalc

Property Symbol
Pressure P
Temperature T
Density p
Volume v
Internal Energy U
Enthalpy H
Entropy S
Isochoric Heat Capacity Cy
Isobaric Heat Capacity Cp
Sonic Velocity w

Joule Thomson Coefficient Wt
Dynamic Viscosity i
Thermal Conductivity k

Other secondary property values are also included in the program output. These include:

Table 2. Secondary Properties Calculated by PhaseCalc

Property Symbol
Heat Capacity Ratio C,/Cy
Fugacity f
Compressibility Factor Z=Pv/RT
Mass or Mole % Vapor (Quality) X
Volume % Vapor y

Tomcej Engineering Inc. Revision 1.0.1
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At present, the following set of specifications may be used to initiate a flash calculation. These
specifications apply to any region: the subcooled liquid region, the superheated vapor region, or
the saturated vapor-liquid curve.

Table 3. Available Calculations

Specification PhaseCalc Nomenclature
T and x on the Saturation Curve Saturation P at T

P and x on the Saturation Curve Saturation T at P
Pand T FlashatPand T
Pand H Flash at P and H
Pand S Flash at P and S

P and p Flash at P and Density
Tand H Flash at T and H
Tand S Flash at T and S

T and p Flash at T and Density
Critical Point Critical Point

Tomcej Engineering Inc. Revision 1.0.1



PhaseCalc for Steam Page 6 of 17

Figure 1 shows the main program screen that is displayed when the first specification option
(Saturation P at T) is selected using a temperature of 300 K and 50 mass % vapor on the
saturation curve.

Figure 1. Main Program Screen

PhaseCalc® for Steam

EEX

File  View  Calculation  Tools  Help
Fluid Propertiez at & Single Condition |

Select Caloulation: Froperty Liguid Wapor Feed Units

[ Saturation P at T I
Temperature 300 K. R

l Saturation T at P l Density 396513 0.0255897 0.051178 kg#me v
Yolume 0.00710035 35.0783 15.5396 mekg -

l Flash at P and T l Molar Mass 120153 18.0153 18.0153 kg/kmal v
Internal Energy 112 561 2411.64 12621 klJ/kg b

l Plasred l Enthalpy 112565 254985 1331.21 kg v

l e l Entropy 0.333039 851733 4.45524 kJokgk. v
Heat Capacity, Cv 41305 1.44224 278637 kl/kgk v

l Flazh at P and Denzity l Heat Capacity, Cp 418091 1.91408 30475 k) kg K b4
Cp/Cv 1.0221 1.32716 1.09372

l Rt il l Fugacity 353072 353072 kP v

l R l Z=Pw/RT 2 5B341E-08 0938244 0.439135
Male % 50 50 100 #

l Flash at T and Density l Mass % 50 a0 a0 %
Yolume % 0.00256786 93.5974 100 z

l Critical Paint l Sonic Yelocity 1501.36 427.89 més v
Joule Thomson -0.220239 264.352 KAkPa v
Dynamic Yiscosity a53.843 991953 pPas ~
Thermal Conductivity B10.278 18,6732 s i v

Wy, bomnCe]. com Mate:
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Program Input

Flash Conditions
Specifications for the conditions are entered in the Flash Conditions dialog shown in Figure 2.

Figure 2. Flash Conditions Dialog Box

Freszure !-S_I:I_I:I_ﬁ kFa
Temperature i_#EEI_ k.

Denzity I ki

[uiality [ kazz & Wapor

Erthalpy | | kg
Entropy | _! bl kg
[ ] l [ Cancel ]

The Flash Conditions dialog is presented when one of the calculation buttons on the main screen
is pressed, or a menu item on the Calculation menu is selected. Depending on which calculation
option is selected, the program will request only the required information. The input values are
validated prior to performing the calculation to ensure they fall within the acceptable range. A
notification message is displayed if the entered values are invalid. An example of this is shown
in Figure 3.

Figure 3. Validation of Input Data

Preszzure | I kPa
Temperature : 700 ’9

Denzity Please enter a valid Temperature

: Yalid Range: 273.16 K < Temperature < 647,096 K
I]uallty Eo s (AL

Enthalpy | | klika
Entropy | | ke gk
[ OE. l [ Cancel

Tomcej Engineering Inc. Revision 1.0.1
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In this example, an invalid temperature has been entered in a saturated steam calculation.
If the entered values pass the data validation process, the program proceeds with the selected
calculation.

Units

PhaseCalc uses SI units for internal calculations as this is the basis of the IAPWS-95
formulation. Input and output may be displayed in other unit systems for convenience. At
present, the following units are available for use:

Table 4. Available Unit Systems

Property Units

Pressure, Fugacity kPa, psi, atm, MPa, bar, mm Hg

Temperature K, °R, °C, °F

Density kg/m’, g/em’, 1b/ft, kmol/m’, mol/cm?, Ibmol/ft’
Volume m’/kg, cm’/g, ft*/lb, m*/kmol, cm*/mol, ft*/Ibmol
Internal Energy, Enthalpy kJ/kg, J/g, BTU/Ib, kJ/kmol, J/mol, BTU/Ibmol
Entropy, Heat Capacity kJ/kg-K, J/g'K, BTU/Ib-°R, kJ/kmol-K, J/mol-K, BTU/Ibmol-°R
Sonic Velocity m/s, ft/s

Joule Thomson Coefficient = K/kPa, K/MPa, °F/psi, K/bar

Dynamic Viscosity Pa-s, mPa-s, puPa-s, cP, Ib/ft'h

Thermal Conductivity W/m-K, mW/m-K, BTU/s-ft-°R, BTU/h-ft-°R

The preferred units may be selected in two ways. The Tools menu contains an Options menu
item that presents the Options dialog box shown in Figure 4.

Tomcej Engineering Inc. Revision 1.0.1
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Figure 4. Selection of Default Units

Display | Units
Preszure / Fugacity kPa ||
Temperature . K b |
Denzity” kg’ v
Enthalpy # Intemal Energy kJ/kg w |
E ntropy klikg

Ja’i

Heat Capacity [Cp and Cv] kJ Akl

Sonic Welocity é{rrrlilna!'lbmul

Joule Thomzon Coefficient KAPa v
Dynamic Yiscozity pPas 4
Thermal Conduchivity . ik, v |

* wiglume will be displayed in inwverse units.

(] ] [ Cancel

By selecting the Units tab in the dialog box, the preferred units system may be entered by
selecting values from the appropriate combo boxes. For example, Figure 4 shows the selection of
BTU/Ib as the preferred unit system for enthalpy. When the Options dialog is closed, the selected
units become the new default system. These units will be displayed when requesting program
input, when displaying or printing results, and the next time PhaseCalc is started.

As an alternative, the units for a particular property may be changed on the main screen in the
Units column. The Units column includes a number of combo boxes that contain the available
units for that particular property. By selecting a different set of units, the displayed property
values for liquid, vapor and overall feed will be converted to the new units system. As with the
options dialog box, units selected on the main screen may be saved as the new default system.
When PhaseCalc is closed, the program will request confirmation to save the new units as the
default system.

Tomcej Engineering Inc. Revision 1.0.1
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Program Output

Main Screen

Calculation results are displayed in the grid on the main screen. An example of the main screen

display is shown in Figure 1.

Printed Reports

Results may also be printed or previewed by selecting the Print or Print Preview items on the

File menu. An example of a printed report is given in Figure 5.

Figure 5. Example Printed Report

PhaseCalc for Steam

Licensed to: Tomece] Engineering Inc.

Yersion 1.0.0251.0

MNote: Unit & - Pump P-102, Test Run 534

YLE Model: [APYWS-95

FProperties

Pressure Q32 203
Temperature 450
Density 890,341 4812 12,8615
wolurme 0.00112316 0207214 0.0777914
Molar Mass 18.0153 18.0153 18.0153
Internal Energy 748.114 2380.09 1427 .52
Enthalpy 749,161 277441 1500
Entropy 2.10866 G.60921 377719
Heat Capacity, Cv 340768 1.90737 285146
Heat Capacity, Cp 4,39273 267423 3.75561
CpfCy 1.28907 1.40205 1.31709
Fugacity 875,701 875,701

Z=Pv{RT 0.00504142 0.932789 0.348994
Mole % 62,9261 37.0739 100
Mass % 62,9261 37.0739 1ao
volume % 0.909005 Q9,091 100
Sonic Velocity 1400.37 500.412

Joule Thomsaon -0.117668 30,3071

Dynamic Viscosity 152,978 149171

Thermal Conductivity 674,586 35,9038

kPa

K

kg,frn®
m=/kg
ka/fkmol
ki1fka
kifka
k1fkgK
k1fkg-K
k1fkgK

kPa

m)s
K/kPa
pPa s
ek

The main screen includes a text box labeled “Note:”. Any project reference or title that is entered

in this box will be included in the printed report.

Tomcej Engineering Inc.
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Display Precision

For purposes of reproducing the results in the IAPWS guidelines, the number of digits displayed
on the main screen and in the printed report may be adjusted on the Digits tab of the Options
dialog box. The Options dialog is displayed by selecting the Options item on the Tools menu.
The default display precision is six digits or less.

Fluid Properties on the Saturation Curve

For convenience, when calculations are performed on the saturated vapor-liquid curve, the
numerical difference between the saturated vapor and saturated liquid values of either internal
energy, enthalpy or entropy may be displayed by right-clicking the appropriate row on the main
screen. Figure 6 shows the display when the entropy row is right-clicked.

Figure 6. Special Output Displayed on Right Click

" PhaseCalc® for Steam !E

File  View  Calculation  Tools  Help
Fluid Propertiez at a Single Condition |

Select Calculation: Property Liquid Yapor Feed Units
Temperature R37.031 K. v

l Saturation T at P l Dengity 777.369 25.3512 33.4381 kg/m? v
Yalurme 0.00128639 0.0394459 0.023306 kg v

l Flash at P and T l Molar Mass 180153 12.0153 18.0153 kg/kmal v
Internal Energy 1148.21 259658 223478 kl/kg ~

l Flazh at P and H l
Enthalpy 1154.64 279421 238431 kil kg v

l Flassh at P and 5 l Entropy 2 52099 5 97367 5 2105 k) kK v
Heat Capacity, Cv 312039 PhaseCalc® for Steam E] 126 kd/kgk. A

l Flash at P and Denszity l Heat Capacity, Cp 5.03654 vz kd kg v

Entropy f
e Lo/Cy RRUR o oo iz
A Fugacity #195.02 kPa v

Z=Pw/RT 0.025948 1243

l Flash at T and 5 l
Male % 25 #

l Flazh at T and Density l Mass % 25 5 100 %
Yalume % 1.07536 98.9246 100 4

l Critical Paint l Sonic Yelocity 1087.81 495,043 més w
Joule Thormsan 0.047232 1436717 FikPa b
Dynamic Yiscosity 100.008 18.0321 pPas R
Thermal Conductivity 604,155 55,2031 i A

Wy bamnce). com Mate:
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Technical Support

Owners of a registered copy of PhaseCalc for Steam have access to unlimited technical support.
Please send support requests by e-mail to support@tomcej.com. Include a description of the
problem and your contact information. Tomcej will make every effort to respond to your request
in a timely manner. The “Technical Support Issue” menu item on the Help menu may be used to
initiate a technical support request.

Although e-mail is the preferred method of technical support, requests may also be sent by
telefax to our head office at 1.780.483.0248.

A current list of known technical issues and the status of their resolution is posted on the Tomce;j
Engineering web site at http://www.tomcej.com/support/phasecalc/steam/knownissues.htm.
Please check this list to determine whether your problem is a known issue, prior to submitting a
support request.

Tomcej Engineering Inc. Revision 1.0.1
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Appendices

Appendix A: Examples

It is assumed in these examples that the default units are kPa, K and kJ/kg for P, T and H
respectively, and that the default precision is 9 digits.

1. Saturated Mixture at 450 K with Quality of 75%

Click “Saturation P at T” or select the “Saturation p at T item on the Calculation menu
Enter “450” in the temperature box and “75” in the mass 5 vapor box

Click OK or press Enter on the keyboard

The following results are displayed on the main screen

Figure 7. Screen Display for Example Al

PhaseCalc® for Steam

File  View  Calculation  Tools  Help
Fluid Properties at a Single Condition [

Select Calculation: Property Liquid Wapar Feed Uitz

[ Saturation P at T I kPa
Temperature K w

l Saturation T at P l Drenzity 990.34125 48120038 540446678 kg w
Walurme 000712316455 0.207313643 0.156741024 médkg w

l Flash at P and T l Malar Mass 18.015268 18015268 18.015268 ka/kmal v
Internal Energy 748.114566 25B80.69616 212254326 kd kg w

l i l Enthalpy 743161595 2774.41078 2268.09848 ki/kg v

l Flash at P and § l Ertropy 210365345 B.6092121 542407377 kg ke w
Heat Capacity, Cw 34076775 1.90737 264 228244885 kddkgrk w

l Flazh at P and Dengity l Heat Capacity, Cp 439272624 2E7422614 310385117 ke kg K w
CpdCw 1.283067 45 1.40204703 1.35937764

l plasiial ey l Fugacity 875.701755 875.701755 KPa v

l R l Z=Pv/RAT 000504142208 0932789418 0700852419
Mole % 25 FiLs 100 %

l Flash at T and Density l tass & 25 75 100 %
Wolume & 01738313 998201652 100 b

l Critical Paint l Sonic Welocity 140037167 B00. 412284 mds A
Joule Thomzon -0.117EES386 30307077 KAkPa W
Dynamic Wiscozity 152977937 149170827 pPas ~
Thermal Conductivity E74 585553 35 8038225 A A w

W bomcE]. com Mote:
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2. Superheated Steam at 30 MPa with Enthalpy of 4000 kJ/kg

Click “Flash at P and H” or select the “Flash at P and H” item on the Calculation menu
Enter “30000” in the pressure box and “4000” in the enthalpy box
Click OK or press Enter on the keyboard

The following results are displayed on the main screen

Figure 8. Screen Display for Example A2

® PhaseCalc® for Steam

File  Caledlation  Tools  Help

“Fluid Properties at a Single Condition |

Select Caleulation:

Saturation P at T

Saturation T at P

Flash at P and T

Flash at P and H

Flazh at P and D enzity

Flash at T and H

Flash at T and 5

Flazh at T and Denzity

Critic:al Pairt

|
|
|
|
|
|
|
|
|

Froperty

Temperature

Dengity

Wolume

tolar Mass
Internal Energy
Enthalpy

Entropy

Heat Capacity, Cv
Heat Capacity. Cp
Cp/Cw

Fugacity
Z=P+/RT

Male %

Mass %

Yalume %

Sanic Yelocity
Joule Thomson
Diynamic Wizcosity

Thermal Conductivity

Liguid Wapor Feed nitz
1065.77234 K.
E4.5698137 kg
0.015487113 kg
18.015268 kgemal
3535.38661 kJskg
4000 kel e
E.81132277 kd kg K.
200416597 kel e
271639139 kd kg K.
1.36637247
28361.3567 kPa
0944579651
100 %

100 #

100 %

T2 426374 més
1.785355973 kskPa
422114434 pPas
13053457 A

AR R A A A

<

%) %1%

iy bomee] com Mabe: |
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3. IAPWS-95 Validation

The following properties have been extracted from the IAPWS-95 guideline and may be used to
confirm that the PhaseCalc program reproduces the published values

Table A-3.1 Thermodynamic Properties in the Single-Phase Region

TK  plkg/m3)  P/kPa C,/(kI/kg'K) wl(m/s) S(kJ/kg'K)
300 996.5560 99.242 4.13018111 150151914  0.393062642
1005.308 20002.2514  4.06798347 1534.92501  0.387405401
1188.202 700004.704  3.46135580 2443.57992  0.132609616
500 04350000  99.9679423  1.50817541 548314253  7.94488271
4.532000 999.938125  1.66991025 535739001  6.82502725
838.0250 10000.3858  3.22106219 127128441 2.56690918
1084.564 700000.405  3.07437693 2412.00877  2.03237509
647 358.0000 220384756 6.18315728 252.145078 _ 4.32092307
900  0.2410000  100.062559  1.75890657 724.027147  9.16653194
52.61500 20000.0690  1.93510526 698.445674  6.59070225
870.7690 700000.006  2.66422350 201933608 4.17223802

Table A-3.2 Thermodynamic properties in the Two-Phase Region

T/K  P/kPa p/(kgm’)  pyl(kg/m®) Hi/(kJ/kg)  Hy/(klkg) S /kIkgK)  Sy/(ki/kgK)
275  0.698451167 999.887406 0.00550664919 7.75972200 2504.28995 0.0283094669 9.10660120
450 932203564  890.341250 4.81200360 749.161585 277441078 2.10865845  6.60921221
625  16908.2693  567.090385 118.290280 1686.26976  2550.71625  3.80194683 5.18506121

Tomcej Engineering Inc.
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Appendix B: Software Installation and Setup

PhaseCalc is based on the NET Framework 2.0. .NET 2.0 must be installed on the target
computer system prior to installing PhaseCalc. The program is distributed using a Windows
Logo compliant InstallShield setup package. This setup package copies all the necessary files to
run the program.

PhaseCalc must be activated before it can be used to perform calculations. Tomcej allows the
program to be installed and activated on up to two machines. Additional installations require
special licensing arrangements. Please contact Tomcej Engineering if this is the case. Activation
is a one-time process that involves sending a machine-specific installation code by e-mail to
Tomcej and receiving a license file in return.

Tomcej Engineering Inc. Revision 1.0.1



