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Introduction to Using Water Property Tables

3.28 Using The Tables For Water, Determine The Specified Property Data At The Indicated States. In
Each context, understanding how to accurately determine the properties of water at various states is
fundamental in thermodynamics and engineering applications. Water, as a versatile and widely used
fluid, exhibits different physical properties depending on its temperature and pressure. To analyze
systems involving water—such as boilers, condensers, turbines, and heat exchangers—engineers rely
on standardized property tables. These tables provide essential data like specific volume, specific
enthalpy, specific entropy, internal energy, and more, at specific states of temperature and pressure.
This article explores how to utilize these tables effectively to find the specified property data at various

states, ensuring precise calculations and system design.

Understanding Water Property Tables

Types of Property Tables

Water property tables are categorized based on the phase and the thermodynamic conditions of water:

o Saturation Tables: Show properties of water at the saturation point, where liquid and vapor

coexist (boiling point at given pressure or temperature).

¢ Superheated Steam Tables: Provide data for water vapor above the saturation temperature at a



given pressure, indicating superheated conditions.

e Compressed (Subcooled) Liquid Tables: List properties of water in the subcooled or compressed

liquid state, typically at pressures above atmospheric.

Each table type serves specific purposes depending on the state of water in the system being

analyzed.

Common Properties Listed in the Tables

The tables generally include the following properties:

1. Temperature (T): Usually in °C or °F.

2. Pressure (P): in kPa, MPa, or psi.

3. Specific Volume (v): in m3kg or ft¥/Ib.

4. Specific Enthalpy (h): in kdJ/kg or Btu/lb.

5. Specific Entropy (s): in kJ/(kg-K) or Btu/(lb-°F).

6. Internal Energy (u): in kJ/kg or Btu/lb.

Knowing how to interpret and interpolate these values is essential for accurate property determination.



Using the Tables to Determine Property Data at Specific

States

Step-by-Step Process

Determining water properties at a specific state involves a systematic approach:

1. Identify the known parameters: Whether temperature, pressure, or specific volume.
2. Determine the phase: Is water in a liquid, vapor, or saturated state?

3. Locate the appropriate table: Use saturation tables if in a saturated state, superheated tables if

in a superheated vapor state, or compressed liquid tables if subcooled liquid.
4. Find the closest tabulated data: Match the known parameter(s) to entries in the table.

5. Interpolate if necessary: For states between tabulated values, use linear interpolation to estimate

properties accurately.

Practical Example: Determining Properties at a Given State

Suppose water is at a pressure of 500 kPa and a temperature of 150°C. Here's how you would find

the properties:

1. Check the phase: At 500 kPa, the saturation temperature of water is approximately 151.86°C.
Since the given temperature is just below this, water is in a subcooled liquid state at 150°C and

500 kPa.



2. Use compressed liquid tables: Locate the water properties at 500 kPa and 150°C.

3. Interpolate if needed: If exact values are not listed, interpolate between the closest tabulated

data points.

4. Read off the properties: Obtain specific volume, enthalpy, and entropy at this state.

By following this process, precise property data can be obtained for analysis and design purposes.

Interpolating Property Data

Why Interpolation is Necessary

Tables often list data at discrete points. When the actual state of water falls between these points,
linear interpolation provides a reliable estimate of the properties. This is crucial for accuracy in

thermodynamic calculations.

Linear Interpolation Method

Suppose you need to find a property \(X\) at a state between two tabulated points:

o \(X_1\) at point 1 with known parameter \(P_1\).

e \(X_2\) at point 2 with known parameter \(P_2\).

To find \(X\) at a parameter \(P\) between \(P_1\) and \(P_2\), use:

\(X = X_1 +\frac{(X_2 - X_1)}{(P_2 - P_1)} \times (P - P_1)\)



This simple linear approach provides a good approximation for most property data within the table's

range.

Application Examples

Example 1: Saturation State Determination

Given a pressure of 2000 kPa, determine the saturation temperature and properties of saturated water

and vapor.

¢ Locate the 2000 kPa in the saturation tables.
e Read the saturation temperature (approximately 212.4°C).

¢ Find associated properties such as specific enthalpy of saturated liquid (hf) and vapor (hg),

specific volume, and entropy.

Example 2: Superheated Steam State

Suppose steam at 3 MPa is superheated to 400°C. To find the properties:

¢ Use superheated steam tables at 3 MPa.
* Locate the 400°C row in the table.

* Read off specific enthalpy, entropy, and specific volume from that row.



Common Challenges and Tips

Dealing with Data Gaps and Non-Standard Conditions

¢ When exact data isn't available, interpolation is essential.

¢ In cases of very high or low pressures/temperatures, consult extended tables or specialized

software.

e Always verify unit consistency to avoid errors in calculations.

Ensuring Accurate Results

¢ Use the most recent and authoritative tables, such as those from ASHRAE or IAPWS.
* Perform interpolation carefully, especially near phase change boundaries.

* Cross-reference multiple properties to confirm consistency of the data.

Conclusion

Using water property tables effectively is a cornerstone of thermodynamic analysis and engineering
design. The ability to accurately determine specific properties at various states enables engineers to
optimize systems, ensure safety, and improve efficiency. By understanding the structure of these

tables, mastering the interpolation methods, and following a systematic approach, practitioners can



confidently extract the necessary data for their applications. Whether dealing with saturated,
superheated, or compressed water, the principles outlined here serve as a comprehensive guide for

leveraging tabulated data in real-world scenarios.

Frequently Asked Questions

What is the primary purpose of using tables in water property analysis
at different states?

The primary purpose is to determine specific property data such as temperature, pressure, specific
volume, and enthalpy at various states of water, facilitating accurate analysis and design in

thermodynamic processes.

How do you interpolate data from water property tables when the
given state point falls between two tabulated values?

Interpolation involves estimating the property value by proportionally combining the two nearest
tabulated data points, typically using linear interpolation to find an approximate value at the desired

state.

What are the key steps involved in using water tables to find
properties at a specified state?

Key steps include identifying the known parameters (e.g., temperature or pressure), locating the
corresponding values in the tables, and then reading off or interpolating to find the other properties

such as specific volume, enthalpy, or entropy.

Why is it important to specify the state conditions (e.g., saturated,



superheated, compressed liquid) when using water tables?

Because water properties vary significantly across different phases and states, accurately identifying

the state ensures correct table selection and data interpretation for thermal analysis.

In what scenarios would you need to use superheated water tables
instead of saturated tables?

Superheated water tables are used when water exists above its boiling point at a given pressure, such
as in turbines or heat exchangers operating under superheated conditions, requiring data for

superheated vapor states.

What are common challenges faced when using water tables for
property determination, and how can they be addressed?

Challenges include accurate interpolation, phase identification, and reading data from dense tables.
These can be addressed by careful phase analysis, using graphical tools or software for interpolation,

and cross-referencing multiple tables for consistency.

Additional Resources

3.28 Using The Tables For Water, Determine The Specified Property Data At The Indicated States

Understanding the physical and thermodynamic properties of water across various states is
fundamental in engineering, environmental science, and industrial applications. The ability to accurately
determine these properties enables professionals to optimize processes, ensure safety, and develop
innovative solutions. Section 3.28 emphasizes the importance of utilizing standardized water property
tables to extract specific data at given states—namely, particular combinations of temperature,
pressure, and phase. This review offers a comprehensive exploration of how to effectively interpret and
apply these tables, providing clarity on their structure, the methodology for extracting data, and

practical considerations for real-world applications.



Understanding Water Property Tables: An Essential Foundation

Before delving into the specific procedures and analytical methods, it is crucial to understand the
nature and purpose of water property tables. These tables compile experimentally determined or
theoretically calculated data for water at various states, serving as invaluable references for engineers

and scientists.

What Are Water Property Tables?

Water property tables are systematic compilations of data detailing physical and thermodynamic

properties of water under various conditions. They typically include parameters such as:

- Temperature (T): Usually expressed in degrees Celsius or Kelvin.

- Pressure (P): Often given in bar, atmospheres, or pascals.

- Specific Volume (v): The volume occupied by a unit mass of water, typically in m¥kg.
- Specific Enthalpy (h): The total heat content per unit mass, in kJ/kg.

- Specific Entropy (s): The measure of disorder or energy dispersal, in kJ/(kg-K).

- Quality (x): The ratio of vapor mass to total mass during phase change.

These tables are structured into different sections depending on the phase of water—liquid, vapor, or

saturated mixture—and often include separate tables for superheated steam and compressed liquids.

Types of Water Tables

There are primarily three types of tables relevant to water:



1. Saturated Water Tables: These provide properties at the saturation temperature and pressure where
water exists as a mixture of liquid and vapor.

2. Superheated Steam Tables: These detail properties of water vapor above the saturation
temperature at given pressures.

3. Compressed or Subcooled Liquid Tables: These give properties of water in the liquid phase below

the saturation temperature.

Each type serves a specific purpose depending on the state of water in a process or system.

Methodology for Using Water Tables to Determine Properties

at Specific States

The core of Section 3.28 is applying these tables to find the properties of water at specified states.
The process involves several steps, including identifying the relevant table, locating the proper data,

and interpolating if necessary.

Step 1: Clarify the State of Water

The initial step involves understanding whether the water in question is:
- Saturated (liquid-vapor mixture): Occurs at the saturation temperature and pressure.
- Superheated vapor: Water vapor at temperature and pressure above the saturation point.

- Compressed liquid: Water in a subcooled state, below saturation temperature at given pressure.

This classification determines which table to consult and how to interpret the data.



Step 2: Identify the Known Parameters

Determine what data you already possess:

- Known temperature (T)
- Known pressure (P)
- Known quality (x), if in @ mixture

- Known specific volume, enthalpy, or entropy

These knowns guide which table to access and whether interpolation is necessary.

Step 3: Select the Appropriate Table

Based on the state:

- Use saturated tables if the water is at the saturation point.
- Use superheated steam tables if water is in vapor phase above saturation.

- Use compressed liquid tables if water is in the subcooled liquid state.

Step 4: Locate the Data Within the Table

Tables are usually arranged with values of temperature or pressure as primary indices. To find the

data:

- Match the known pressure or temperature.
- Read across to find the corresponding properties.
- For known specific volume, enthalpy, or entropy, scan within the table rows or columns to find the

closest match.



Step 5: Use Interpolation When Necessary

Often, the exact known parameter (e.g., temperature or pressure) does not exactly match a table

entry. In such cases:

- Linear interpolation can be employed between two known data points.
- For example, if the temperature is 100.5°C but the table provides data at 100°C and 101°C,

interpolate linearly for each property.

Interpolation Formula:

\[

\text{Property at } T = P + \frac{(T_{\text{desired}} - T_1)K(T_2 - T_1)} \times (Property_{T_2} -
Property {T_1})

\

where \(T_1\) and \(T_2\) are tabulated temperatures bracketing the desired temperature.

Applying the Tables: Practical Examples and Analytical

Insights

To illustrate the process, consider a typical engineering scenario where a process engineer needs to

determine the specific enthalpy and entropy of water at a given state—say, at 200°C and 10 MPa.



Example 1: Determining Properties at a Known Pressure and

Temperature

Suppose water is at 200°C and 10 MPa:

- Step 1: Recognize that 200°C exceeds the saturation temperature at 10 MPa (~179.9°C); thus, water
is in the superheated vapor region.

- Step 2: Access the superheated steam table at 10 MPa.

- Step 3: Locate the temperature closest to 200°C (often, tables list discrete temperatures like 190°C,
200°C, etc.).

- Step 4: Read the specific enthalpy and entropy directly from the table at 200°C and 10 MPa.

Analytical note: The accuracy of the data depends on the granularity of the table. When exact data

points are unavailable, interpolation becomes essential.

Example 2: Using Saturated Tables for a Mixture State

Suppose water is at 100°C, and you need to find its properties when it is a saturated mixture with

quality \(x = 0.5\):

- Step 1: Consult the saturated water tables at 100°C.
- Step 2: Note the saturated liquid and vapor properties at this temperature.

- Step 3: Calculate the mixture properties:

\[
h = h_f + x \times h_{fg}
\
\[

s =s f+ x\times s_{fg}



\]
where:

-\(h_f), \(s_f\): properties of saturated liquid

- \(h_{fg}), \(s_{fg}\): properties of vaporization (latent heat and entropy difference)

This approach illustrates how the tables serve as building blocks for more complex property

calculations.

Critical Analysis of Using Water Tables in Practice

While water tables offer a structured and reliable method for property determination, practical

considerations and limitations exist.

Advantages of Using Water Tables

- Standardization: Tables are based on extensive experimental data, ensuring consistency.
- Accessibility: They are widely available in engineering handbooks and reference materials.
- Simplicity: For many applications, direct reading suffices, saving time.

- Interpolation: The tables facilitate straightforward interpolation, enhancing accuracy.

Limitations and Challenges

- Resolution Limitations: Discrete data points mean that for non-tabulated values, interpolation is



necessary, introducing potential errors.

- Temperature and Pressure Ranges: Some tables may not cover extreme conditions encountered in
specialized applications.

- Assumption of Equilibrium: Tables assume equilibrium conditions; real systems may have transient
states or non-equilibrium phenomena.

- Modern Alternatives: Computational tools and software can now generate properties dynamically,
often with higher precision; however, understanding tables remains fundamental for validation and

comprehension.

Best Practices for Using Water Tables

- Always identify the phase and state correctly.

- Use the most relevant and recent tables for your application.

- Employ interpolation carefully, verifying the linearity assumption.

- Cross-check results with multiple parameters for consistency.

- Use software tools as supplementary aids but maintain a fundamental understanding of manual

methods.

Conclusion: The Significance of Mastering Water Property

Tables

Section 3.28 underscores the importance of skillfully navigating water property tables to determine
specific properties at various states. This knowledge is vital for designing thermodynamic cycles,
analyzing fluid flow, and ensuring safety in systems involving water and steam. Mastery involves
understanding the structure of the tables, correctly identifying the relevant data, and applying

interpolation accurately when necessary. As technology advances, digital tools supplement these



traditional methods, but the foundational knowledge of water properties remains essential. Whether in
academic settings, industrial processes, or research, the ability to interpret and utilize these tables

effectively remains a cornerstone of engineering competence.
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