
A Lecture Hall Shown In Fig. P12.31 Having A
Volume Of 106 Ft3 Contains Air At 80F, 1 Atm, And
A Humidity

A Lecture Hall Shown In Fig. P12.31 Having A Volume Of 106 Ft3 Contains Air At 80F, 1 Atm, And A
Humidity is a common scenario in thermodynamics and HVAC engineering where understanding the
properties of air within a confined space is essential. Whether designing heating, ventilation, and air
conditioning (HVAC) systems or analyzing indoor air quality, accurately determining the moisture content,
humidity levels, and thermodynamic properties of the air is crucial. This article explores the key concepts
involved in evaluating the air conditions within such a lecture hall, including calculations related to
humidity ratio, dew point, and thermal comfort, providing comprehensive insights for engineers, students,
and HVAC professionals.

Understanding the Basic Properties of Air in the Lecture Hall

1. Volume and Conditions of the Air
The lecture hall in Fig. P12.31 has a volume of 106 cubic feet (ft³). It contains air at a temperature of 80°F
and a pressure of 1 atmosphere (atm). These parameters establish the initial framework for analyzing the
thermodynamic and moisture properties of the indoor air.

2. Significance of Humidity in Indoor Air Quality
Humidity impacts thermal comfort, air quality, and the potential for mold growth. It influences how
humans perceive temperature and comfort levels, making it vital for HVAC system design to control
moisture levels effectively.

Calculating the Humidity Ratio and Moisture Content

1. Definition of Humidity Ratio
The humidity ratio (or mixing ratio), denoted as \( \omega \), is the mass of water vapor per unit mass of
dry air, typically expressed in pounds of water vapor per pound of dry air (lb_w/lb_da). It indicates the
moisture content of the air.



2. Determining the Humidity Ratio
To calculate the humidity ratio in the lecture hall, follow these steps:

Convert the given temperature to saturation vapor pressure using empirical equations or tables.

Determine the actual vapor pressure based on relative humidity or dew point, if provided.

Use the ideal gas law for water vapor and dry air to relate vapor pressure to humidity ratio:

\[
\omega = 0.6219 \times \frac{p_{v}}{p_{a}}
\]

Where:
- \( p_{v} \) = partial vapor pressure of water vapor
- \( p_{a} \) = partial pressure of dry air (approximately total pressure minus vapor pressure)

Assuming standard conditions and typical indoor humidity levels, the humidity ratio can be estimated.

3. Example Calculation
Suppose the air has a relative humidity of 50%. Using psychrometric charts or equations:

- Saturation vapor pressure at 80°F ≈ 0.54 psi (from psychrometric data)
- Actual vapor pressure \( p_{v} \) = 0.5 × 0.54 psi ≈ 0.27 psi
- Total pressure \( p_{total} \) = 14.7 psi (atmospheric pressure)
- Partial vapor pressure \( p_{v} \) ≈ 0.27 psi
- Partial dry air pressure \( p_{a} \) = 14.7 - 0.27 ≈ 14.43 psi

Calculating the humidity ratio:

\[
\omega = 0.6219 \times \frac{0.27}{14.43} ≈ 0.0116 \text{ lb}_w/\text{lb}_da
\]

This indicates a moisture content suitable for typical indoor environments.



Determining Dew Point and Indoor Comfort Levels

1. Dew Point Temperature
The dew point is the temperature at which air becomes saturated, and water vapor begins to condense. It
can be derived from the vapor pressure:

\[
T_{dew} = \text{Temperature at which saturation vapor pressure equals } p_{v}
\]

Using psychrometric charts or equations, a vapor pressure of 0.27 psi corresponds to a dew point of
approximately 65°F, indicating the temperature at which moisture would condense.

2. Impact on Indoor Thermal Comfort
Maintaining appropriate humidity levels (typically between 30% and 60%) ensures comfort. Excess
moisture can lead to mold growth and discomfort, while too little moisture can cause dryness. Proper
HVAC control ensures the dew point remains below the indoor temperature to prevent condensation.

Applying Thermodynamic and Psychrometric Principles

1. Psychrometric Chart Analysis
Using a psychrometric chart, engineers can visualize the state of the air based on temperature and
humidity ratio. Plotting the initial conditions provides insights into necessary heating, cooling,
humidification, or dehumidification processes.

2. HVAC System Design Considerations
- Ensuring the HVAC system can maintain desired indoor conditions.
- Calculating the required moisture removal or addition.
- Designing for energy efficiency while maintaining occupant comfort.



Energy and Moisture Load Calculations

1. Sensible and Latent Heat
Understanding the heat added or removed due to temperature change (sensible heat) and moisture change
(latent heat) is essential. The total heat load combines both components.

- Sensible heat:

\[
Q_{sensible} = m \times c_{p} \times \Delta T
\]

- Latent heat:

\[
Q_{latent} = m_{water} \times h_{fg}
\]

Where:
- \( m \) = mass of dry air
- \( c_{p} \) = specific heat at constant pressure
- \( \Delta T \) = temperature change
- \( h_{fg} \) = latent heat of vaporization

2. Calculating Mass of Air and Water Vapor
Given the volume and properties:

- Determine the mass of dry air using ideal gas law:

\[
m_{air} = \frac{p V}{R T}
\]

Where:
- \( p \) = pressure
- \( V \) = volume
- \( R \) = specific gas constant for dry air
- \( T \) = absolute temperature in Rankine (convert from Fahrenheit)



- Calculate the mass of water vapor:

\[
m_{water} = \omega \times m_{air}
\]

This allows for precise load calculations to size HVAC equipment appropriately.

Conclusion: Optimizing Indoor Air Conditions in Lecture Halls

Maintaining the right humidity and temperature levels within a lecture hall like the one shown in Fig.
P12.31 is essential for ensuring occupant comfort, health, and energy efficiency. By understanding and
applying principles such as psychrometric analysis, vapor pressure calculations, and thermodynamic
properties, HVAC engineers can design systems that effectively control indoor air quality.

In practical terms, knowing how to calculate the humidity ratio, dew point, and moisture loads enables the
creation of environments conducive to learning and comfort. Whether dealing with new constructions or
retrofitting existing spaces, leveraging these principles ensures that lecture halls remain comfortable, safe,
and energy-efficient.

For students and professionals interested in HVAC design, thermodynamics, or indoor air quality
management, mastering these concepts provides a solid foundation for addressing real-world challenges.
Proper analysis and system design based on the detailed understanding of air properties can significantly
improve indoor environments, supporting the health and productivity of occupants.
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Frequently Asked Questions

What is the significance of knowing the volume, temperature, and
pressure of the air in the lecture hall?
These parameters are essential for calculating the air's density, humidity levels, and overall comfort
conditions, which are critical for ensuring proper ventilation and indoor air quality.

How can the humidity level in the lecture hall be determined from the



given data?
By using the air's temperature, pressure, and humidity ratio or dew point data, one can calculate the
moisture content and relative humidity inside the hall.

What is the typical humidity range recommended for indoor lecture
halls?
Indoor lecture halls generally aim for a relative humidity between 40% and 60% to ensure comfort and
prevent mold growth or discomfort.

How does the temperature of 80°F affect the moisture content of the air
in the lecture hall?
At 80°F, the air can hold a significant amount of moisture, and the actual humidity level depends on the
moisture present; warmer air tends to have higher moisture capacity.

What assumptions are typically made when analyzing the air conditions
in a lecture hall with given volume and initial parameters?
Assumptions may include air being an ideal gas, uniform temperature and humidity distribution, no air
exchange with outside, and steady-state conditions.

How do changes in humidity impact the comfort and health of occupants
in a lecture hall?
High humidity can cause discomfort and promote mold growth, while low humidity can lead to dry skin
and respiratory irritation; maintaining optimal humidity improves comfort and health.

What methods can be used to modify or control the humidity levels in
the lecture hall?
Dehumidifiers, humidifiers, proper ventilation, and air conditioning systems can be used to adjust and
control indoor humidity levels effectively.

Why is it important to consider the humidity condition when designing
ventilation systems for lecture halls?
Controlling humidity is vital for occupant comfort, preventing mold and bacteria growth, and maintaining
air quality, all of which influence the effectiveness of ventilation systems.



Additional Resources
A Lecture Hall Shown In Fig. P12.31 Having A Volume Of 106 Ft³ Contains Air At 80°F, 1 Atm, And A
Humidity — this scenario offers a fascinating insight into the thermodynamics and psychrometrics of indoor
air, particularly in enclosed spaces like lecture halls. Understanding the properties of air, moisture content,
and how they interact at given conditions is crucial for designing comfortable, safe, and energy-efficient
environments. In this comprehensive guide, we will explore the fundamental concepts, calculations, and
practical considerations involved in analyzing such a space, providing a step-by-step approach suitable for
engineering students, HVAC professionals, and enthusiasts alike.

---

Introduction

Indoor air quality and comfort are central to building design, especially in spaces intended for prolonged
occupancy such as lecture halls. When dealing with air properties in such environments, parameters like
temperature, pressure, humidity, and volume must be carefully evaluated. The specific scenario of a
lecture hall with a volume of 106 ft³, containing air at 80°F, 1 atm, and a certain humidity level, provides
an excellent case study for applying psychrometric principles.

The key phrase here, "A Lecture Hall Shown In Fig. P12.31 Having A Volume Of 106 Ft³ Contains Air At
80°F, 1 Atm, And A Humidity," encapsulates the core of the analysis: understanding the state of moist air
within a confined space, and how to quantify its properties for practical applications.

---

Understanding the Basic Concepts

Before diving into calculations, it’s essential to clarify the fundamental concepts involved:

1. Thermodynamic State of Air

- Dry Air: The main component, primarily nitrogen (~78%) and oxygen (~21%).
- Moist Air: Contains water vapor, which affects the temperature, humidity, and comfort level.
- Humid Air: The mixture of dry air and water vapor, characterized by parameters such as humidity ratio,
dew point, and relative humidity.

2. Psychrometrics

Psychrometrics is the study of the thermodynamic properties of moist air. It involves the use of
psychrometric charts, equations, and tables to analyze air conditions.

3. Key Parameters



- Temperature (T): Given as 80°F.
- Pressure (P): Given as 1 atm (~14.7 psi).
- Humidity Ratio (W): The ratio of the mass of water vapor to the mass of dry air.
- Relative Humidity (RH): Percentage of moisture in the air relative to its maximum at a given
temperature.
- Specific Volume (v): Volume per unit mass of dry air, important for calculating the total mass of air.

---

Step-by-Step Analysis

Step 1: Convert Units and Establish Known Data

- Temperature: 80°F (convert to Rankine for calculations): T = 80 + 459.67 = 539.67°R.
- Volume: V = 106 ft³.
- Pressure: P = 1 atm = 14.7 psi.

Step 2: Determine the Density of Dry Air

Using ideal gas law:

\[ PV = mRT \]

Where:

- \( P \) = absolute pressure (psia),
- \( V \) = volume (ft³),
- \( m \) = mass (lbm),
- \( R \) = specific gas constant for dry air (~53.35 ft·lbf/(lbm·°R)),
- \( T \) = temperature in Rankine.

Rearranged as:

\[ \text{Density } \rho_{dry} = \frac{m}{V} = \frac{P}{RT} \]

Calculate:

\[ \rho_{dry} = \frac{14.7 \text{ psia}}{53.35 \times 539.67} \approx \frac{14.7}{28,794} \approx 0.00051
\text{ lbm/ft}^3 \]

Total dry air mass:

\[ m_{dry} = \rho_{dry} \times V = 0.00051 \times 106 \approx 0.054 lbm \]



Step 3: Determine Humidity Ratio and Moisture Content

The humidity ratio \( W \) is critical. Suppose the problem states the humidity ratio (or relative humidity),
or we can determine it based on the vapor pressure.

Assuming the problem provides or requires us to find the relative humidity, we proceed as follows:

- Find saturation vapor pressure at 80°F.
- Use the vapor pressure to find humidity ratio.

Step 4: Find Saturation Vapor Pressure at 80°F

From standard psychrometric tables:

- At 80°F, saturation vapor pressure \( P_{vs} \) ≈ 0.47 psia.

Step 5: Determine Actual Vapor Pressure

If the relative humidity \( \phi \) is known, the actual vapor pressure:

\[ P_v = \phi \times P_{vs} \]

Alternatively, if the humidity ratio \( W \) is given or needs to be found:

\[ W = 0.6219 \times \frac{P_v}{P_{dry} - P_v} \]

Where:

- \( P_{dry} \) ≈ total pressure (1 atm = 14.7 psia).

Step 6: Calculate the Humidity Ratio

Suppose the relative humidity is given as, say, 50%. Then:

\[ P_v = 0.5 \times 0.47 = 0.235 \text{ psia} \]

Calculate \( W \):

\[ W = 0.6219 \times \frac{0.235}{14.7 - 0.235} \approx 0.6219 \times \frac{0.235}{14.465} \approx 0.6219
\times 0.01625 \approx 0.0101 \text{ lb water/lb dry air} \]

Step 7: Find Specific Volume of Moist Air



The specific volume of moist air:

\[ v_{moist} = v_{dry} \times (1 + 1.607 \times W) \]

Where \( v_{dry} \) is the specific volume of dry air:

\[ v_{dry} = \frac{RT}{P} \]

Using earlier:

\[ v_{dry} = \frac{28.97 \times T_{°R}}{P_{psia}} \approx \frac{28.97 \times 539.67}{14.7} \approx 1062.4
\text{ ft}^3/\text{lbm} \]

Applying the humidity ratio:

\[ v_{moist} = 1062.4 \times (1 + 1.607 \times 0.0101) \approx 1062.4 \times 1.0162 \approx 1079.3 \text{
ft}^3/\text{lbm} \]

Step 8: Calculate Total Mass of Air in the Lecture Hall

Total mass:

\[ m_{total} = \frac{V}{v_{moist}} = \frac{106}{1079.3} \approx 0.0982 \text{ lbm} \]

---

Practical Considerations and Applications

1. Humidity Control

Maintaining a comfortable humidity level (typically between 30-60%) is essential for occupant comfort and
health. The calculations help determine how much moisture needs to be added or removed.

2. Ventilation and Air Exchange

Understanding the mass and properties of indoor air guides ventilation strategies, ensuring adequate fresh
air supply and proper humidity levels.

3. Energy Efficiency

Proper psychrometric analysis informs HVAC system design, optimizing energy consumption for heating,
cooling, humidifying, or dehumidifying the space.



4. Indoor Air Quality (IAQ)

Monitoring parameters like humidity ratio and dew point helps prevent mold growth, condensation, and
other IAQ issues.

---

Summary of Key Steps

- Convert all units to consistent systems.
- Use ideal gas law for dry air properties.
- Determine vapor pressure and humidity ratio based on temperature and relative humidity.
- Calculate specific volume of moist air.
- Find total mass of air in the space.
- Apply psychrometric principles to analyze and control indoor conditions.

---

Final Remarks

Understanding the properties of air within a lecture hall, especially when considering humidity and
temperature, is fundamental to creating a comfortable and healthy environment. The detailed analysis
presented here demonstrates how thermodynamic and psychrometric principles work hand-in-hand to
provide insights necessary for effective HVAC design. Whether you are an engineer, architect, or building
manager, mastering these concepts is key to optimizing indoor climate control.

---

Note: For complete analysis, actual humidity or relative humidity data from the problem statement would
be needed. Adjust the calculations accordingly once these values are known.
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