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Measuring and expressing enthalpy changes are fundamental concepts in thermodynamics,
essential for understanding energy transformations in chemical and physical processes. Enthalpy
change, often denoted as ?H, provides insight into whether a process absorbs or releases heat
under constant pressure. Accurate measurement and clear expression of enthalpy changes are
critical for fields ranging from chemistry and engineering to environmental science and materials
development. This article explores the methods used to measure enthalpy changes, how these
changes are expressed quantitatively, and the significance of these concepts in scientific and
industrial applications.

Understanding Enthalpy and Its Significance

What is Enthalpy?

Enthalpy (H) is a thermodynamic property defined as the sum of a system?s internal energy (U) and
the product of its pressure (P) and volume (V):

- H = U + PV

This property helps describe the heat content of a system at constant pressure. The change in
enthalpy (?H) during a process indicates whether heat is absorbed or released:

- ?H > 0: Endothermic process (absorbs heat)
- ?H : Exothermic process (releases heat)

Understanding ?H is vital in chemical reactions, phase changes, and energy management
systems.

Measuring Enthalpy Changes

Calorimetry: The Primary Method

Calorimetry is the experimental technique used to measure the heat transferred during
physical or chemical processes, thereby allowing calculation of enthalpy changes.
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Types of Calorimeters

Depending on the nature of the process, different calorimeters are used:

- Constant Pressure Calorimeter: Suitable for measuring ?H in reactions occurring at
constant pressure, often used in aqueous solutions.

- Bomb Calorimeter: Designed for combustion reactions; measures heat at constant
volume, which requires additional calculations to relate to enthalpy change.

- Differential Scanning Calorimeter (DSC): Used for phase transitions and material
properties, providing precise measurement of heat flow as a function of temperature.

Procedure for Measuring Enthalpy Changes

The typical steps involve:

- Preparing the calorimeter and calibrating it with a known quantity of heat.
- Conducting the reaction or phase change within the calorimeter, ensuring proper

insulation to prevent heat exchange with surroundings.
- Measuring the temperature change (?T) of the system during the process.
- Calculating the heat (q) transferred using the calorimeter?s heat capacity (C) or

calibration constant:

Formula: q = C × ?T

Calculating Enthalpy Change

Once the heat transfer (q) is known, the enthalpy change (?H) can be derived:

- For reactions at constant pressure: ?H ? q_p
- For combustion or processes at constant volume: ?H = q_v + P?V

In many laboratory situations, the measured heat corresponds directly to ?H for reactions
conducted under controlled conditions.

Expressing Enthalpy Changes

Units of Enthalpy Change

Published by: hatchedtalent.com Page 2 of 27



measuring and expressing enthalpy changes Ebook Vol. 2021, Issue 6

Enthalpy changes are typically expressed in:

- Joules (J): SI unit, suitable for small-scale measurements.
- Kilojoules (kJ): Commonly used in chemical reactions and thermodynamic calculations.
- Calories (cal) or Kilocalories (kcal): Traditional units, especially in older literature or

nutritional contexts.

Standard Enthalpy of Formation (?H°f)

A key way to express enthalpy changes is through standard enthalpy of formation:

- The enthalpy change when one mole of a compound is formed from its elements in their
standard states.

- Values are tabulated at standard conditions (25°C, 1 atm).

The standard enthalpy change of a reaction can be calculated using Hess?s Law and the
?H°f values of reactants and products:

?H°reaction = ? ?H°f (products) - ? ?H°f (reactants)

Enthalpy Diagrams and Graphs

Visual representations such as enthalpy diagrams or energy profile graphs are useful for
illustrating energy changes during reactions:

- Show relative enthalpy levels of reactants, transition states, and products.
- Help in understanding activation energy and reaction spontaneity.

Factors Affecting Enthalpy Changes and Measurement Accuracy

Influence of Conditions

Enthalpy changes are sensitive to temperature, pressure, and phase states. Accurate
measurement requires:

- Maintaining constant pressure for ?H measurements.
- Controlling temperature to prevent heat loss or gain from surroundings.
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- Using pure substances and proper calibration to ensure precision.

Sources of Error

Potential inaccuracies include:

- Heat loss to surroundings.
- Incomplete reactions or phase changes.
- Calibration errors in calorimeters.
- Assumptions such as neglecting P?V work in some calculations.

Applications of Measuring and Expressing Enthalpy Changes

Chemical Thermodynamics

Understanding reaction energetics, predicting spontaneity, and designing energy-efficient
processes.

Industrial Processes

Optimizing combustion, refrigeration, and manufacturing methods by analyzing heat
exchanges.

Environmental Science

Assessing heat flows in climate models, pollutant reactions, and renewable energy systems.

Material Science and Engineering

Studying phase transitions, alloy formations, and thermal stability.

Conclusion

Measuring and expressing enthalpy changes are cornerstone activities in thermodynamics,
underpinning our understanding of energy exchanges in natural and engineered systems.
Accurate measurement through calorimetry, combined with standardized expression
methods such as enthalpy of formation and energy diagrams, enables scientists and
engineers to analyze, predict, and optimize processes across diverse fields. Mastery of these
concepts facilitates advancements in energy efficiency, environmental sustainability, and
materials development, making the precise measurement and clear expression of enthalpy
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changes vital for scientific progress.

If you need further details on specific measurement techniques, calculation methods, or
real-world examples, feel free to ask!
 
Measuring and Expressing Enthalpy Changes: A Comprehensive Exploration

Understanding enthalpy changes is fundamental to the study of thermodynamics and
chemical processes. They reveal how energy is exchanged during reactions, phase
transitions, or other physical processes. Accurate measurement and precise expression of
enthalpy changes are crucial across fields such as chemistry, engineering, environmental
science, and energy technology. This detailed review explores the concepts, measurement
techniques, and ways to express enthalpy changes comprehensively.

Understanding Enthalpy and Its Significance

What is Enthalpy?

Enthalpy (\(H\)) is a thermodynamic state function defined as:

\[

H = U + PV

\]

where:

- \(U\) is the internal energy,
- \(P\) is pressure,
- \(V\) is volume.

In essence, enthalpy represents the total heat content of a system at constant pressure. It
simplifies the analysis of energy exchanges because, during many processes, the heat
transfer at constant pressure directly correlates with the change in enthalpy (\(\Delta H\)).

Why Measure Enthalpy Changes?

Measuring enthalpy changes helps:
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- Predict energy requirements or releases in chemical reactions.
- Understand phase transitions like melting, vaporization, or sublimation.
- Design and optimize industrial processes such as reactors, engines, and refrigeration

systems.
- Assess environmental impacts, especially in combustion and fossil fuel usage.
- Develop new materials and energy storage systems.

Fundamentals of Enthalpy Change (\(\Delta H\))

Definition and Significance

The enthalpy change of a process is the difference in the system?s enthalpy between the
final and initial states:

\[

\Delta H = H_{final} - H_{initial}

\]

- Exothermic processes: \(\Delta H 
- Endothermic processes: \(\Delta H > 0\), absorbing heat.

Standard Enthalpy Changes

- Standard enthalpy change (\(\Delta H^\circ\)): measured under standard conditions
(usually 1 bar or 1 atm pressure, and specified temperature, often 25°C).

- Standard enthalpy of formation (\(\Delta H_f^\circ\)): change when 1 mol of a compound
forms from its elements in their standard states.

- Standard enthalpy of combustion: heat released when 1 mol of a substance is burned
completely.

Measuring Enthalpy Changes

Calorimetry: The Primary Technique

Calorimetry is the experimental method used to measure heat exchanges associated with
physical or chemical processes, enabling the calculation of \(\Delta H\).
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Types of Calorimeters

- Constant-pressure calorimeter (e.g., Coffee Cup Calorimeter): Measures \(\Delta H\)
directly during reactions at constant pressure.

- Constant-volume calorimeter (e.g., Bomb Calorimeter): Measures the internal energy
change (\(\Delta U\)), which can be related to \(\Delta H\) for reactions involving gases.

Basic Procedure for Enthalpy Measurement

- Prepare the calorimeter with the reactants or samples.
- Initiate the process (reaction, phase change, etc.).
- Record temperature changes over time.
- Use calibration data to determine heat capacity.
- Calculate heat exchanged (\(q\)) using:

\[

q = C_{calorimeter} \times \Delta T

\]

where \(C_{calorimeter}\) is the heat capacity and \(\Delta T\) is the temperature change.

- Derive \(\Delta H\) considering the process conditions (e.g., molar quantities, pressure).

Calculating Enthalpy Change from Calorimetry Data

For reactions at constant pressure:

\[

\Delta H = q_p = C_{calorimeter} \times \Delta T

\]

When dealing with chemical reactions involving known molar quantities:

\[
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\Delta H_{reaction} = \frac{q_{reaction}}{\text{moles of limiting reagent}}

\]

Mathematical and Experimental Considerations

Using Hess?s Law

Hess?s Law states that the total enthalpy change is path-independent and depends only on
initial and final states. It allows the calculation of \(\Delta H\) for complex reactions by
combining known enthalpy changes of related reactions.

Applications:

- Deriving enthalpy changes from tabulated data.
- Estimating unknown enthalpies indirectly.

Measuring Enthalpy Changes for Phase Transitions

Phase change enthalpies, such as melting (\(\Delta H_{fusion}\)) and vaporization (\(\Delta
H_{vap}\)), are measured via calorimetry by observing temperature plateaus during heating
or cooling processes.

Dealing with Gaseous Systems

In reactions involving gases:

- Use gas laws to relate pressure, volume, temperature, and moles.
- Correct for work done against external pressure.
- Adjust for non-ideal gas behavior if necessary (using Van der Waals equation).

Expressing Enthalpy Changes

Units and Standardization

- Units: Joules (J), kilojoules (kJ), calories (cal), kilocalories (kcal).
- For chemical reactions, enthalpy changes are often expressed per mole of reactant or

product, e.g., \(\mathrm{kJ/mol}\).
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Using Standard Enthalpy Values

- Tabulated values provide \(\Delta H^\circ\) for standard reactions.
- These are used to calculate enthalpy changes under different conditions via

thermodynamic equations.

Thermodynamic Equations for \(\Delta H\)

- Clausius Equation: relates \(\Delta H\) to temperature dependence of vapor pressures.
- Kirchhoff?s Law: relates the change in reaction enthalpy with temperature:

\[

\Delta H_T = \Delta H_{T^\circ} + \int_{T^\circ}^{T} \Delta C_p \, dT

\]

where \(\Delta C_p\) is the difference in heat capacities.

Advanced Topics in Enthalpy Measurement

Calorimetry in Non-Standard Conditions

- Adjustments for non-ambient pressures and temperatures.
- Use of adiabatic calorimeters to prevent heat exchange with surroundings.

Measuring Enthalpy of Solution and Mixing

- Enthalpy changes during dissolution or mixing are often measured via solution
calorimetry.

- Critical in processes like salt dissolution or polymer blending.

Computational Methods and Estimations

- Quantum chemical calculations for estimating enthalpy changes of complex molecules.
- Use of molecular modeling software and thermodynamic databases.
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Interpreting and Applying Enthalpy Data

Predicting Reaction Feasibility

- Reactions with negative \(\Delta H\) are generally exothermic and more
thermodynamically favorable.

- Coupling reactions to harness favorable enthalpy changes.

Designing Energy-efficient Processes

- Minimizing enthalpy changes to reduce energy consumption.
- Utilizing exothermic processes for heat generation.

Environmental and Sustainability Considerations

- Assessing the enthalpy of combustion for fuel efficiency.
- Evaluating the heat released or absorbed during waste treatment or resource extraction.

Conclusion

Measuring and expressing enthalpy changes is a cornerstone of thermodynamics that
requires a nuanced understanding of experimental techniques, theoretical frameworks, and
practical applications. Calorimetry remains the primary method for direct measurement, but
thermodynamic principles like Hess?s Law enable the calculation of complex enthalpy
changes indirectly. Expressing these changes accurately involves using standard units,
tabulated data, and thermodynamic equations tailored to specific conditions.

Mastering the measurement and interpretation of \(\Delta H\) not only deepens our
understanding of energy flows in physical and chemical systems but also informs the
development of energy-efficient, environmentally sustainable technologies. As research
advances, integrating experimental data with computational methods promises even more
precise and comprehensive insights into enthalpy phenomena, supporting innovative
solutions for global energy and environmental challenges.
 

 QuestionAnswer What is enthalpy change and why is it important in thermodynamics?
Enthalpy change (?H) represents the heat absorbed or released during a chemical or
physical process at constant pressure. It is important because it helps quantify energy
changes in reactions, enabling better understanding and control of processes like
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combustion, heating, or cooling. How is enthalpy change measured experimentally?
Enthalpy change is typically measured using calorimetry, where the heat exchanged in a
process is determined by monitoring temperature changes in a known quantity of water or
other medium, often using a calorimeter that maintains constant pressure. What is the
significance of standard enthalpy of formation? Standard enthalpy of formation (?H?_f)
indicates the enthalpy change when one mole of a compound is formed from its elements in
their standard states. It is used to calculate enthalpy changes of reactions via Hess's Law.
How can Hess's Law be used to determine enthalpy changes of a reaction? Hess's Law
states that the total enthalpy change for a reaction is the same regardless of the pathway
taken. By combining known enthalpy changes of related reactions, you can calculate the
enthalpy change of a target reaction. What is the difference between exothermic and
endothermic reactions in terms of enthalpy? Exothermic reactions release heat to the
surroundings, resulting in a negative ?H. Endothermic reactions absorb heat, leading to a
positive ?H. The sign of ?H indicates whether heat is evolved or absorbed. How do
temperature and pressure affect enthalpy changes? While ?H is primarily a function of the
initial and final states, temperature and pressure can influence the enthalpy of substances.
Standard enthalpy values are measured under specified conditions, and deviations can alter
the enthalpy change. What role do bond enthalpies play in calculating enthalpy changes?
Bond enthalpies represent the energy required to break a bond. By summing bond energies
of reactants and products, you can estimate the enthalpy change for a reaction, although this
is an approximate method. Why is expressing enthalpy changes in kJ/mol useful?
Expressing ?H in kJ/mol standardizes the quantity of heat change per mole of reactant or
product, allowing for easy comparison between different reactions and understanding
energy efficiency. What is the significance of using the enthalpy change per unit mass or
volume? Expressing enthalpy change per unit mass or volume is useful in practical
applications like engineering and industry, where energy efficiency and heat transfer are
considered in terms of mass or volume of materials involved. 

 
Related keywords: enthalpy change, heat transfer, calorimetry, specific heat capacity,
enthalpy of reaction, Hess's law, standard enthalpy, temperature change, thermochemistry,
bond enthalpy

Enthalpy Problems And Answers

Enthalpy problems and answers are fundamental topics in thermodynamics that frequently
challenge students and professionals alike. Understanding how to approach and solve these
problems is essential for mastering concepts related to energy transfer, phase changes, and
chemical reactions. Whether you're studying for exams, working on research projects, or
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simply seeking to deepen your grasp of thermodynamic principles, being able to effectively
analyze enthalpy problems will significantly enhance your proficiency. This comprehensive
guide aims to clarify common types of enthalpy problems, demonstrate step-by-step
solutions, and provide useful tips and resources to improve your problem-solving skills.

Understanding Enthalpy: The Foundation of Thermodynamics
Problems

Before diving into specific problems and solutions, it is important to understand what
enthalpy represents and how it fits into thermodynamic analysis.

What is Enthalpy?

Enthalpy (H) is a thermodynamic property defined as:

- H = U + PV,

where:

- U is the internal energy,
- P is the pressure,
- V is the volume.

It reflects the total heat content of a system at constant pressure and is a useful measure
when analyzing processes involving heat transfer, especially in chemical reactions and
phase changes.

Importance in Thermodynamics

Enthalpy is particularly useful because:

- Many processes occur at constant pressure, making ?H (change in enthalpy) directly
related to heat transfer.

- It simplifies the analysis of energy changes during phase transitions and chemical
reactions.

- It allows for easier tabulation and use of standard data tables for various substances.

Common Types of Enthalpy Problems
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Enthalpy problems can vary significantly depending on the context. Some typical categories
include:

- Calculating the enthalpy change during phase transitions.
- Determining the heat absorbed or released in chemical reactions.
- Analyzing thermodynamic cycles (e.g., Rankine cycle, refrigeration cycle).
- Using enthalpy tables and diagrams to find specific values.
- Applying Hess's law for enthalpy calculations of complex reactions.

Each type requires different approaches and understanding of thermodynamic principles.

Approach to Solving Enthalpy Problems

Effective problem solving hinges on a systematic approach:

Step 1: Understand the Problem

- Identify what is being asked.
- Note the initial and final states of the system.
- Recognize if phase change, chemical reaction, or other processes are involved.

Step 2: Gather Data

- Extract known values such as temperature, pressure, mass, and specific enthalpy.
- Consult thermodynamic tables, charts, or diagrams as needed.

Step 3: Choose the Appropriate Method

- Use enthalpy tables for phase changes.
- Apply calorimetry equations for heat transfer.
- Use Hess?s law for reactions involving multiple steps.

Step 4: Perform Calculations

- Calculate the change in enthalpy (?H).
- Ensure units are consistent.
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- Pay attention to the sign convention: ?H > 0 for endothermic processes, ?H 

Step 5: Verify and Interpret Results

- Check if the answer makes physical sense.
- Cross-verify with alternative methods if possible.

Sample Enthalpy Problems and Detailed Solutions

Below are some common problems with step-by-step solutions to illustrate the
problem-solving process.

Problem 1: Enthalpy Change During Vaporization

Question:

A 2 kg sample of water is heated from 25°C to 100°C at atmospheric pressure. Determine the
amount of heat absorbed during this process. Assume the specific heat capacity of water is
4.18 kJ/kg·°C.

Solution:

Step 1: Identify known data:

- Mass, m = 2 kg
- Initial temperature, T? = 25°C
- Final temperature, T? = 100°C
- Specific heat capacity, c? = 4.18 kJ/kg·°C

Step 2: Calculate temperature change:

?T = T? - T? = 100°C - 25°C = 75°C

Step 3: Use heat transfer formula:

Q = m c? ?T

Step 4: Compute:
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Q = 2 kg 4.18 kJ/kg·°C 75°C

Q = 2 4.18 75 = 627 kJ

Answer:

The water absorbs approximately 627 kJ of heat to warm from 25°C to 100°C.

Problem 2: Enthalpy of Vaporization from Data Tables

Question:

Calculate the enthalpy change when 1 mol of water vaporizes at its boiling point (100°C)
under 1 atm pressure. Given that the molar enthalpy of vaporization of water at 100°C is
approximately 40.7 kJ/mol.

Solution:

Step 1: Recognize data:

- Moles of water, n = 1 mol
- Enthalpy of vaporization, ?Hvap = 40.7 kJ/mol

Step 2: Calculate total enthalpy change:

?H = n ?Hvap = 1 mol 40.7 kJ/mol = 40.7 kJ

Answer:

The enthalpy change for vaporizing 1 mol of water at 100°C and 1 atm is 40.7 kJ.

Problem 3: Using Hess?s Law to Find Enthalpy Change

Question:

The following reactions are given:

- C + O? ? CO?, ?H? = -393.5 kJ
- C + ½O? ? CO, ?H? = -110.5 kJ
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Calculate the enthalpy change for the reaction:

C + O? ? CO

Solution:

Step 1: Recognize the target reaction and known reactions.

Step 2: Use Hess?s law:

- To get C + O? ? CO, subtract reaction 2 from reaction 1:

CO? ? CO + ½O? (reverse of reaction 2)

?H = -?H? = +110.5 kJ

- Add this to reaction 1:

C + O? ? CO? (?H? = -393.5 kJ)

C + O? ? CO (unknown)

Step 3: Set up the combination:

(C + O? ? CO?) + (CO? ? CO + ½O?)

The net reaction:

C + O? ? CO + ½O?

Step 4: Simplify:

C + ½O? ? CO

Step 5: Calculate total ?H:

?H = ?H? + (+110.5 kJ) = -393.5 + 110.5 = -283 kJ

Answer:
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The enthalpy change for C + ½O? ? CO is -283 kJ.

Using Enthalpy Tables and Diagrams

Enthalpy tables are invaluable tools for solving real-world thermodynamic problems. They
provide specific enthalpy values of substances at various temperatures and pressures.

Interpreting Enthalpy Tables

- Find the substance and phase (solid, liquid, vapor).
- Locate the temperature and pressure of interest.
- Read off the specific enthalpy (kJ/kg).

Example: Calculating Enthalpy Change in a Phase Change

Suppose you need to find the enthalpy change when 1 kg of water vapor condenses at 100°C
and 1 atm:

- Use the specific enthalpy of saturated vapor at 100°C, approximately 2676 kJ/kg.
- The specific enthalpy of saturated liquid water at 100°C is approximately 419 kJ/kg.

Calculation:

?H = h_vapor - h_liquid = 2676 - 419 = 2257 kJ

Interpretation:

- The condensation releases approximately 2257 kJ of heat per kg of water.

Tips for Mastering Enthalpy Problems

- Familiarize with Tables and Charts: Regular practice with thermodynamic data tables and
diagrams enhances speed and accuracy.

- Understand Sign Conventions: Remember that positive ?H indicates heat absorbed
(endothermic), negative ?H indicates heat released (exothermic).

- Use Appropriate Units: Keep units consistent throughout calculations.
- Apply Conservation Laws: Use Hess?s law and other thermodynamic principles to
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simplify complex problems.
- Practice Diverse Problems: Work through various problem types to build confidence and

versatility.
- Verify Results: Always check if your answers make physical sense in terms of energy

flow and process direction.

Resources for Further Learning

- Thermodynamics textbooks such as "Thermodynamics: An Engineering Approach" by
Yunus Çengel and Michael Boles.

-
 
Enthalpy Problems and Answers: A Comprehensive Guide to Understanding and Solving

Understanding enthalpy problems is fundamental for students and engineers working in
thermodynamics, especially when analyzing energy transfer in thermal systems. These
problems often involve calculating heat transfer, work done, or changes in the energy
content of a system during physical or chemical processes. Mastering the concepts and
problem-solving techniques related to enthalpy can significantly enhance your ability to
analyze real-world thermal systems such as engines, refrigerators, turbines, and chemical
reactors.

This detailed guide aims to walk you through the core principles, common problem types,
solution strategies, and example problems with detailed answers to build your confidence
and competence in tackling enthalpy-related questions.

Understanding Enthalpy: The Foundation

What is Enthalpy?

Enthalpy (denoted as H) is a thermodynamic property that represents the total heat content
of a system at constant pressure. It combines the internal energy of the system with the work
done by the system due to expansion or compression. Mathematically:

\[ H = U + PV \]

Where:
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- U is the internal energy,
- P is the pressure,
- V is the volume.

In practical applications, changes in enthalpy (\(\Delta H\)) are more relevant than absolute
values because they indicate the heat transfer during processes at constant pressure.

Importance of Enthalpy in Thermodynamics

- Energy transfer analysis: Calculating heat exchanged or work done during processes.
- Chemical reactions: Determining heat of reaction, heat of formation, and energy

balances.
- Phase changes: Understanding latent heats during boiling, melting, or condensation.
- Engineering design: Designing turbines, compressors, heat exchangers, and

refrigeration cycles.

Common Types of Enthalpy Problems

Understanding the typical problem formats will help you develop effective strategies:

- Enthalpy of water and steam: Using steam tables to find enthalpy values at various
states.

- Change in enthalpy during processes: Calculating \(\Delta H\) based on initial and final
states.

- Flow processes: Steady-flow energy equations involving enthalpy.
- Chemical reactions: Enthalpy of reaction calculations using Hess?s Law.
- Phase change problems: Using latent heats and enthalpy of vaporization.

Core Concepts and Equations for Solving Enthalpy Problems

To effectively approach enthalpy problems, familiarize yourself with the following key
concepts and equations:

- Enthalpy Change (\(\Delta H\))

\[

\Delta H = H_{final} - H_{initial}
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\]

For processes at constant pressure, this often corresponds to heat transfer.

- Steady-Flow Energy Equation

For a control volume where flow is steady:

\[

\dot{Q} - \dot{W} = \dot{m} \left( h_{2} + \frac{v_2^2}{2} + gz_2 - h_1 - \frac{v_1^2}{2} - gz_1
\right)

\]

Where:

- \(\dot{Q}\): heat transfer rate into the system,
- \(\dot{W}\): work done by the system,
- \(\dot{m}\): mass flow rate,
- \(h\): specific enthalpy,
- \(v\): velocity,
- \(z\): elevation.

- Specific Enthalpy (\(h\))

Expressed as:

\[

h = u + Pv

\]

But often, for liquids and vapors, it is more practical to use tabulated values or
approximations.
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- Enthalpy of a Ideal Gas

\[

h = c_p T + \text{constant}

\]

Where:

- \(c_p\): specific heat at constant pressure,
- \(T\): temperature.

- Enthalpy in Phase Changes

During phase changes:

\[

\Delta H_{phase} = \text{latent heat}

\]

For example, during vaporization:

\[

h_{gas} = h_{liquid} + h_{fg}

\]

Using Steam Tables and Property Charts

Most enthalpy problems involving water or steam require referencing steam tables. These
tables provide properties such as:

- Enthalpy of saturated water (\(h_f\))
- Enthalpy of saturated vapor (\(h_g\))
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- Quality (\(x\))
- Specific volume (\(v\))
- Pressure and temperature at various states

Tips for using steam tables:

- Identify the initial and final states clearly.
- Use the correct table (saturated or superheated).
- For mixtures, use the quality to interpolate enthalpy:

\[

h = h_f + x (h_g - h_f)

\]

Step-by-Step Approach to Solving Enthalpy Problems

- Identify the problem type: Is it a steady-flow process, a phase change, or a chemical
reaction?

- List known data: Temperatures, pressures, enthalpies, velocities, etc.
- Determine the process specifics:

- Is it at constant pressure?
- Is it involving phase change?
- Are the flow rates known?

- Select appropriate property data:

- Use steam tables, thermodynamic property charts, or equations.

- Apply relevant equations:

- Use the first law of thermodynamics or other relevant equations.
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- Calculate the unknowns:

- Enthalpy changes, heat transfer, work, etc.

- Check units and reasoning:

- Ensure consistency and physical plausibility.

Example Problems with Detailed Solutions

Example 1: Enthalpy Change During Heating of Water

Problem:

Calculate the change in enthalpy when 1 kg of water is heated from 20°C to 150°C at
atmospheric pressure. Use specific heats \(c_p = 4.18 \, \text{kJ/kg·K}\).

Solution:

- Identify initial and final states:

- Initial temperature, \(T_1 = 20^\circ C\)
- Final temperature, \(T_2 = 150^\circ C\)

- Assuming constant specific heat:

\[

\Delta h = c_p (T_2 - T_1)

\]

- Calculate:
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\[

\Delta h = 4.18 \times (150 - 20) = 4.18 \times 130 = 543.4\, \text{kJ}

\]

Answer: The enthalpy increases by approximately 543.4 kJ.

Example 2: Enthalpy of Vaporization Using Steam Tables

Problem:

Determine the enthalpy change when 1 kg of saturated water at 100°C vaporizes completely
into steam at the same temperature.

Solution:

- Find the properties from steam tables:

- \(h_f\) at 100°C ? 419 kJ/kg (enthalpy of saturated liquid)
- \(h_g\) at 100°C ? 2676 kJ/kg (enthalpy of saturated vapor)

- Calculate the enthalpy of vaporization:

\[

\Delta H_{vap} = h_g - h_f = 2676 - 419 = 2257\, \text{kJ}

\]

- Total enthalpy change for 1 kg:

\[

\boxed{\Delta H = 2257\, \text{kJ}}

\]
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Answer: Approximately 2257 kJ of energy is required for vaporization.

Example 3: Steady-Flow Energy Equation for a Turbine

Problem:

A steam turbine receives 2 kg/sec of saturated vapor at 3 MPa and 400°C, expanding
isentropically to 0.1 MPa. Find the power output of the turbine.

Solution:

- Determine initial properties (state 1):

- From superheated steam tables at 3 MPa and 400°C:
- \(h_1 \approx 3213\, \text{kJ/kg}\)

- Determine final properties (state 2):

- At 0.1 MPa (saturated vapor):
- \(h_{[email protected] MPa} \approx 2676\, \text{kJ/kg}\)

- Assumption:

- Isentropic expansion, so entropy remains constant.

- Calculate work output:

\[

W = \dot{m} (h_1 - h_2) = 2 \times (3213 - 2676) = 2 \times 537 = 1074\, \text{kW}

\]

Answer: The turbine produces approximately 1074 kW of power.

Published by: hatchedtalent.com Page 25 of 27

/cdn-cgi/l/email-protection


measuring and expressing enthalpy changes Ebook Vol. 2021, Issue 6

Common Pitfalls and Tips for Accurate Solutions

- Always verify the state conditions: Ensure you are using the correct property data for
saturated, superheated, or compressed states.

- Use consistent units: kJ, kPa, kg, °C, etc., and convert units if necessary.
- Check process assumptions: Is

 
 QuestionAnswer What is enthalpy and how is it used in solving thermodynamics

problems? Enthalpy is a thermodynamic property defined as H = U + PV, where U is internal
energy, P is pressure, and V is volume. It is used to analyze energy changes in processes
involving heat transfer and work, especially at constant pressure. In problems, enthalpy
helps determine heat exchanged during reactions or phase changes by comparing initial and
final states. How do you calculate the change in enthalpy for a chemical reaction? The
change in enthalpy (?H) for a reaction can be calculated using the formula: ?H = ?
?H_products - ? ?H_reactants. Alternatively, for reactions at constant pressure, you can use
standard enthalpies of formation: ?H = ? n × ?Hf(products) - ? n × ?Hf(reactants), where n is
the number of moles. What is the significance of Hess?s Law in enthalpy problems? Hess?s
Law states that the total enthalpy change for a chemical reaction is the same regardless of
the pathway taken, allowing us to calculate enthalpy changes for complex reactions by
combining known reactions. It simplifies enthalpy calculations by enabling the use of
tabulated data and multiple steps. How do phase changes affect enthalpy calculations?
Phase changes involve latent heat, which is the enthalpy change associated with melting,
vaporization, or sublimation. To calculate enthalpy during phase changes, use the known
latent heat values (e.g., heat of vaporization) and multiply by the amount of substance
undergoing the phase change, then add or subtract these values from other process
enthalpies. What role does the heat capacity play in enthalpy problems involving temperature
changes? Heat capacity (C) indicates how much heat is needed to change an object's
temperature. When solving enthalpy problems involving temperature changes, ?H can be
calculated using ?H = C × ?T, where ?T is the temperature change. For varying heat
capacities, integration over temperature may be required to find the total enthalpy change.
How can enthalpy problems be approached when dealing with ideal gases? For ideal gases,
enthalpy depends only on temperature, not pressure or volume. The change in enthalpy
during a temperature change can be calculated using ?H = n × Cp × ?T, where Cp is the
molar heat capacity at constant pressure. This simplifies calculations, especially when
dealing with ideal gas processes. 
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Read the full article online: Enthalpy Problems And Answers
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