Vapoer V0.9 ¢ Edwin Cordoba Hp49G/G+

Introduction

This program is designed for the calculation of the thermodynamic properties of the water and
steam, based on “IAPWS Industrial Formulation 1997 for the Thermodynamic Properties of
Water and Steam”. VaporHp is compiled as a library and is designed to work in the
Hp49G/G+ calculators, was programmed in a 40% in Machine language and a 60% in
SystemRpl. Unfortunately this version only works correctly installing it in “port 0”, in the case
of installing it in another port, the program will not allow that it is executed.

Allowable Ranges

The allowed ranges are those that are in Figure 1. As it is possible to be observed is divided in
five different ranges.
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Figure 1 Regions and equations of IAPWS-IF97-Sourcdkelease on the IAPWS Industrial
Formulation 1997 for the Thermodynamic Properties 6 Water and Steam”

Combination of allowable property
The calculation of the thermodynamic properties of the water and steam is made from two
known conditions, one of which always it must be or the Pressure or the Temperature, in the
case that omits one of these it will show an error message. Each region has an equation for the
direct calculation based on two properties of the following form:

® Region 1 based on the Pressure and Temperature.

* Region 2 based on the Pressure and Temperature.

= Region 3 based on the Density and Temperature.

* Region 4 based on the Pressure or Temperature and the Quality.

® Region 5 based on the Pressure and Temperature.
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In the case which they do not correspond with these properties, the program will make an
iterative procedure until it obtain the solution.

Allowable units.
The units accepted by the program are showed on table 1.

Table 1. allowable units for properties

PROPERTY ALLOWABLE UNITS
P: Pressure bar - psi - Mpa-atm-torr -mmHg -inHg-inH ,O - Pa-kPa
T: Temperature °C-°F-K-°R

3 3 3 .3
) m> ft° cm® in® | al
v: Specific volume m e emt int b gal

kg Ib kg Ib kg Ib

Internal kJ Btu cal
u: Interna energy _
ka Ib g
h: Enthal kJ Btu cal
on apy -
kg Ib g
Bt kJ ) Btu ) cal
v nopy kgK IbP°R g[K
x: Quality _
Installation

* Download the file onto your calculator and put the content on the stack.

* Type the number of the port in which you want to store the library in. (should be 0)
* Press STO to store the library in that port.

* press ON-C, to finish installation of the library.

* Purge the variable containing the library.

Examples

" Superheated steam at 700 psi and 680°F is expanded at constant entropy to 140 psi.
What is the final enthalpy?

Enter 700 and select psi as unit.
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Enter 680 and select °F as unit.

Select the field entropy and press enter

The field entropy is selected. A mark will

appear by it.

Select again the field pressure

Enter 140 and select units as psi

Change the units
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The final enthalpy is 1177.345

g

®  What are the specific volume, enthalpy, and entropy of steam having a quality of 90%
at 400 psi?

Select the field pressure and enter 400 psi.

Select the field quality, x.

Enter 0.9 on the field quality.

Change the units.

3
v=10474"C h=112695422Y s=13089 BV
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Command reference

PTo-
LEVEL PROPERTY UNITS DATA TYPE
: 2 : |P: Pressure bar Real
: 1 : |T: Temperature °Cc Real
PTo-
: 7 : |P: Pressure bar Real
: 6 ¢ |T: Temperature °C Real
m?
: 5 ¢ |v:Specific volume — Real
kg
4 1 1 K] Real
: : : Int ¢ —
u: Internal energy kg ea
3 h: Enthal K] Real
: : : Ent 7 —
nthalpy kg ea
2 E k] Real
: : : t T,
s: Entropy kg (K ea
: 1o | x Quality - Real/String
Pv-
LEVEL PROPERTY UNITS DATA TYPE
: 2 : |P: Pressure bar Real
m
: 1 ¢ |v:Specific volume — Real
kg
Pvo-
: 7 : |P: Pressure bar Real
: 6 ¢ |T: Temperature °cC Real
e
: 5 v: Specific volume — Real
kg
4 I 1 K] Real
: : : Int T
u: Internal energy kg ea
3 h: Enthal K] Real
: : : t -
nthalpy kg ea
2 E K] Real
: : : Ent —
s: Entropy kg [K ea
: 1 ¢ | x Quality - Real/String
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Pu-

Pho-
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LEVEL PROPERTY UNITS DATA TYPE

: 2 : |DP:Pressure bar Real
kJ

: 1 : |u:Internal energy k79 Real

Pu-

: 7 : |P:Pressure bar Real

: 6 : |T: Temperature °C Real
m?

: 5 ¢ |v:Specific volume — Real
kg
kJ

: 4 : |uInternal energy k79 Real
kJ

: 3 : | h: Enthalpy k79 Real
kJ

: 2 : |s: Entropy ﬁ Real

: 1 ¢ | x Quality - Real/String

LEVEL PROPERTY UNITS DATA TYPE

: 2 : |P:Pressure bar Real
kJ

: 1 : |h: Enthalpy k79 Real

Pho-

: 7 : |DP:Pressure bar Real

: 6 ¢ |T: Temperature °C Real
e

: 5 ¢ |v:Specific volume — Real
kg
kJ

: 4 ¢ |u:Internal energy k79 Real
kJ

: 3 : | h: Enthalpy k79 Real
kJ

: 2 ¢ |s: Entropy ﬁ Real

: 1 ¢ | x Quality - Real/String
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Ps~
LEVEL PROPERTY UNITS DATA TYPE
: 2 : |P:Pressure bar Real
: 1 : |s:Entropy K Real
kg [K
Ps~
: 7 ¢ | P:Pressure bar Real
: 6 : |T: Temperature °C Real
me
: 5 ¢ |v:Specific volume — Real
kg
: 4 : |uInternal energy K Real
kg
kJ
: 3 : | h: Enthalpy k79 Real
: 2 : |s: Entropy K Real
kg [K
: 1 ¢ | x Quality - Real/String
Px-
LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |P:Pressure bar Real
10 | x: Quality - Real
Px-
: 7 : |P:Pressure bar Real
: 6 ¢ |T: Temperature °cC Real
5 h: Specific volume m3 Real
kg
: 4 ¢ |uInternal energy kJ Real
kg
: 3 ¢ | h: Enthalpy kJ Real
kg
: 2 ¢ |s: Entropy kJ Real
kg [K
1 | x: Quality - Real
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Tu-
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LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |T: Temperature °Cc Real
m?
: 1 : | v:Specific volume — Real
kg
Tv->
: 7 ¢ |P: Pressure bar Real
: 6 ¢ |T: Temperature °C Real
me
: 5 v: Specific volume — Real
kg
4 Int 1 K] Real
: : : mn roy —
u: Internal energy kg ea
3 h: Enthal K] Real
: : : t T
nthalpy kg ea
2 E K] Real
: : : Ent —
s: Entropy kg (K ea
1 ¢ | xt Quality - Real/String
LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |T: Temperature °C Real
1 1 1 K] Real
: : :Int / T
u: Internal energy kg ea
Tu-=-
: 7 : |P: Pressure bar Real
: 6 : |T: Temperature °cC Real
me
: 5 v: Specific volume — Real
kg
4 1 1 K] Real
: : :Int / T
u: Internal energy kg ea
3 h: Enthal K] Real
: : : t T
nthalpy kg ea
2 Ent K] Real
: : : t —
s: Entropy kg (K ea
: 1 ¢ | x Quality - Real/String
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Th-
LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |T: Temperature °Cc Real
: 1 : |h: Enthalpy K Real
kg
Tho-
: 7 : |P:Pressure bar Real
: 6 ¢ |T: Temperature °C Real
me
: 5 ¢ |v:Specific volume — Real
kg
: 4 ¢ |u:Internal energy K Real
kg
: 3 : |h: Enthalpy K Real
kg
: 2 : |s: Entropy K Real
kg [K
: 1 ¢ | x Quality - Real/String
T s =
LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |T: Temperature °Cc Real
: 1 : |s: Entropy K Real
kg [K
Ts =
: 7 : |P: Pressure bar Real
: 6 : |T: Temperature °C Real
m?
: 5 |v: Specific volume — Real
kg
: 4 : |uInternal energy K Real
kg
: 3 : |h: Enthalpy K Real
kg
: 2 1 |s: Entropy K Real
kg [K
1 ¢ | x Quality - Real/String
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T x>
LEVEL PROPERTY UNITS DATA TYPE
: 2 ¢ |T: Temperature °Cc Real
1 ¢ | x:Quality - Real
T x =
: 7 : |P:Pressure bar Real
: 6 : |T: Temperature °C Real
me
: 5 ¢ |v:Specific volume — Real
kg
kJ
: 4 :  |u:Internal energy k79 Real
kJ
: 3 : |h: Enthalpy k79 Real
kJ
: 2 ¢ |s: Entropy ﬁ Real
: 1 ¢ |x:Quality - Real

Program characteristics

Calculator: ~ Hp49G/G+
# Library: 1199
Checksum:  4F69 h
Bytes: 37067.5
Contact

Edwin Cérdoba
ecordoba74@yahoo.com
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