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Understanding the behavior of moist air as it interacts with heating and humidification systems is

crucial for HVAC professionals, engineers, and building managers. When moist air at specific

conditions—such as 60°F dry bulb temperature (DB) and 20% relative humidity (RH)—enters a

combined heater and humidifier at a flow rate of 2000 cubic feet per minute (CFM), several

thermodynamic and psychrometric processes occur. This article provides a comprehensive analysis of

this scenario, exploring the fundamental concepts, calculations, and practical implications.

Introduction to Psychrometrics and Moist Air Properties

What Is Psychrometrics?

Psychrometrics is the study of the thermodynamic properties of moist air. It involves parameters such

as temperature, humidity, enthalpy, specific volume, and dew point, which are essential for designing

and analyzing HVAC systems that control indoor air quality and comfort.

Key Properties of Moist Air

- Dry Bulb Temperature (DB): The temperature of air measured with a standard thermometer, in this

case, 60°F.

- Relative Humidity (RH): The ratio of the actual vapor pressure to the saturation vapor pressure at a



given temperature, expressed as a percentage. Here, it is 20%.

- Humidity Ratio (or Humidty Content): The ratio of the mass of water vapor to the mass of dry air,

often expressed in grains of moisture per pound of dry air or grams per kilogram.

Initial Conditions of the Air

Given data:

- Dry Bulb Temperature (DB): 60°F

- Relative Humidity (RH): 20%

- Flow Rate: 2000 CFM

Using psychrometric charts or calculations, we can determine the initial humidity ratio and other

properties.

Calculating the Initial Humidity Ratio

The saturation vapor pressure at 60°F is approximately 0.256 inches of mercury.

The actual vapor pressure (Pv) at 20% RH:

\[ Pv = RH \times P_{sat} = 0.20 \times 0.256 \approx 0.0512 \text{ inches Hg} \]

Converting vapor pressure to vapor density:

Using standard psychrometric formulas or charts, the humidity ratio (\(W\)) at these conditions is

approximately 0.0034 lb water/lb dry air.

Mass Flow Rate of Moist Air

Calculating the total mass flow rate:

- Volume flow rate: 2000 CFM



- Specific volume of moist air at 60°F: approximately 13.3 ft³/lb dry air

Mass flow rate of dry air:

\[ \dot{m}_d = \frac{\text{CFM}}{\text{Specific Volume}} = \frac{2000}{13.3} \approx 150.38 \text{ lb dry

air/min} \]

Converting to hourly rate:

\[ 150.38 \times 60 \approx 9023 \text{ lb dry air/hour} \]

Total water vapor mass flow rate:

\[ \dot{m}_w = W \times \dot{m}_d = 0.0034 \times 150.38 \approx 0.511 \text{ lb water/min} \]

which is about 30.66 lb water/hour.

Interaction with the Heater and Humidifier System

The combined heater and humidifier process involves two primary effects:

1. Heating the moist air: Raising its temperature from 60°F to the desired level.

2. Adding moisture (humidification): Increasing the humidity ratio to reach desired indoor conditions.

Goals of the System

- Achieve a comfortable indoor temperature, typically between 68°F and 75°F.

- Maintain optimal humidity levels, often between 30% and 50% RH for comfort and health.

Thermodynamic Processes in the System

The process involves several steps, each with associated calculations:



1. Heating the Air

- If the system is designed to raise the air to, say, 72°F, the air must be heated from 60°F.

- The amount of heat required (sensible heat):

\[ Q_s = \dot{m}_d \times c_{pa} \times (T_{out} - T_{in}) \]

where \(c_{pa}\) is the specific heat of dry air (~0.24 Btu/lb°F).

For a temperature increase of 12°F:

\[ Q_s = 150.38 \times 0.24 \times 12 \approx 433.8 \text{ Btu/min} \]

2. Humidification Process

- To increase the humidity ratio from 0.0034 to a target, say 0.008 lb/lb dry air (corresponding roughly

to 40% RH at 72°F), additional water must be added:

\[ \Delta W = 0.008 - 0.0034 = 0.0046 \text{ lb water/lb dry air} \]

- Total water to be added:

\[ \dot{m}_{w,added} = \Delta W \times \dot{m}_d = 0.0046 \times 150.38 \approx 0.692 \text{ lb

water/min} \]

- The humidifier injects this water, requiring energy to vaporize it, which involves the latent heat of

vaporization (~970 Btu/lb at 212°F).

- Energy for vaporization:

\[ Q_{latent} = \dot{m}_{w,added} \times 970 \approx 0.692 \times 970 \approx 671.2 \text{ Btu/min} \]

Total energy input per minute:

\[ Q_{total} = Q_s + Q_{latent} \approx 433.8 + 671.2 = 1105 \text{ Btu/min} \]

This energy accounts for both heating and humidifying the incoming air to reach the desired

conditions.



Practical Considerations for System Design

When designing a heater and humidifier system for this scenario, several factors are critical:

1. Capacity of Heating Elements

- The system should supply at least the calculated Btu per minute to meet the heating and

humidification requirements.

2. Humidifier Type and Water Supply

- Types: steam humidifiers, ultrasonic, evaporative, or spray-type humidifiers.

- Water quality impacts system performance and maintenance.

3. Control Strategies

- Sensors to monitor temperature and humidity.

- Automated controls to adjust heating and humidification rates dynamically.

4. Energy Efficiency

- Use of energy recovery ventilators (ERVs) or heat exchangers to reduce energy consumption.

- Optimizing flow rates and system operation schedules.

Impact on Indoor Air Quality and Comfort

Properly conditioned air enhances occupant comfort, reduces respiratory issues, and improves overall

indoor air quality. The balance of heating and humidification is essential:



Too dry air can cause skin irritation, respiratory discomfort, and static electricity.

Excessively humid air can promote mold growth and discomfort.

Ensuring the system delivers air at the right temperature and humidity levels is vital for maintaining

healthy indoor environments.

Conclusion

Analyzing moist air entering a heater and humidifier at 60°F and 20% RH at 2000 CFM involves

understanding psychrometric principles, calculating initial conditions, and determining the energy

required for heating and humidification. Proper system design ensures that the air meets desired

indoor conditions efficiently and effectively. By applying these principles, HVAC professionals can

optimize comfort, energy use, and indoor air quality for various applications.
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Frequently Asked Questions



What is the initial humidity ratio of moist air at 60°F dry bulb

temperature and 20% relative humidity?

The initial humidity ratio is approximately 0.0036 lb of moisture per lb of dry air, calculated based on

the given temperature and relative humidity.

How does passing moist air through a heater and humidifier affect its

temperature and humidity levels?

The heater increases the air temperature, while the humidifier adds moisture, resulting in higher

temperature and humidity levels, approaching the desired indoor comfort conditions.

What is the significance of the volumetric flow rate of 2000 CFM in

this process?

The 2000 CFM flow rate indicates the volume of air processed per minute, which affects the total

moisture added and the capacity of the humidification and heating system.

How can we determine the final temperature and humidity ratio after

the air passes through the heater and humidifier?

By applying psychrometric calculations considering the initial conditions, the added moisture, and heat

transfer, we can determine the final state of the air after processing.

What are the potential challenges in humidifying air at 20% RH with

the given flow rate and conditions?

Challenges include ensuring uniform moisture addition, avoiding over-humidification, and maintaining

system efficiency without causing condensation or humidity imbalances.



Why is understanding the initial psychrometric properties important in

designing the humidification process?

Initial properties determine the amount of moisture to be added, the energy required for heating, and

help ensure the final air conditions meet comfort or process specifications.

How does the initial low humidity ratio impact the amount of moisture

needed to achieve desired indoor humidity levels?

A low initial humidity ratio means more moisture must be added to reach the target relative humidity,

influencing system capacity and operational costs.

Additional Resources

Moist Air at 60°F Dry Bulb and 20% Relative Humidity Enters a Heater and Humidifier at 2000 CFM:

An In-Depth Analysis

---

Introduction

Understanding the behavior of moist air as it passes through heating and humidification systems is

essential in many HVAC, environmental control, and industrial processes. In this detailed review, we

explore the scenario where moist air at 60°F dry bulb temperature (DB) and 20% relative humidity

(RH) enters a combined heating and humidification system at a flow rate of 2000 cubic feet per minute

(CFM). We will analyze the thermodynamic properties involved, the effects of heating and

humidification on the air, and the implications for system design and control.

---



1. Basic Concepts and Definitions

Before diving into the specifics of the process, it's crucial to clarify some foundational concepts.

Moist Air Properties

- Dry Bulb Temperature (DB): The temperature of air as measured by a regular thermometer,

unaffected by moisture content.

- Relative Humidity (RH): The ratio of the partial pressure of water vapor in the air to the saturation

vapor pressure at the same temperature, expressed as a percentage.

- Specific Humidity (Humidity Ratio): The mass of water vapor per unit mass of dry air, typically

expressed in grains of moisture per pound of dry air or grams per kilogram.

- Enthalpy of Moist Air: The total heat content, considering both sensible heat (related to temperature)

and latent heat (related to moisture).

Psychrometric Chart and Properties

The psychrometric chart is a vital tool in visualizing the properties and changes in moist air during

processes such as heating and humidification. Key parameters include:

- Wet-bulb temperature

- Dew point temperature

- Humidity ratio

- Enthalpy

---

2. Initial Conditions and Their Significance



Moist Air at 60°F DB and 20% RH

The initial state of the moist air is:

- Temperature: 60°F (Approx. 15.6°C)

- Relative Humidity: 20%

Using psychrometric data:

- Saturation vapor pressure at 60°F: approximately 0.25 psi

- Actual vapor pressure: 0.20 × 0.25 psi ≈ 0.05 psi

- Humidity ratio (W): roughly 0.0032 lb water vapor per lb dry air

The enthalpy of this moist air is approximately 20–22 Btu/lb dry air.

Flow Rate and Volume

- Flow rate: 2000 CFM

- Mass flow rate of dry air: Calculated considering the density of air at initial conditions (~0.075 lb/ft³):

\[

\text{Mass flow rate} = 2000 \, \text{ft}^3/\text{min} \times 0.075 \, \text{lb/ft}^3 \approx 150 \,

\text{lb/min}

\]

This is the dry air mass flow rate entering the system.

---



3. Thermodynamic Analysis of the Entry Moist Air

Calculating the Moist Air Properties

Using standard psychrometric calculations or software:

- Initial humidity ratio (W₁): approximately 0.0032 lb/lb dry air

- Initial enthalpy (h₁): approximately 22 Btu/lb dry air

This initial state represents relatively dry, cool air with low moisture content.

---

4. Heating and Humidification Process: Fundamentals

The process involves:

- Heating: Raising air temperature to desired levels

- Humidification: Increasing moisture content to desired humidity levels

These operations impact the psychrometric properties significantly.

Goals of the Process

- Achieve a target humidity ratio (W₂)

- Reach a desired temperature (T₂)

- Maintain or improve thermal comfort or process-specific conditions

---



5. Impact of Heating on Moist Air

Heating Without Humidification

If the air is heated without adding moisture:

- Sensible heating increases the dry bulb temperature.

- Relative humidity decreases as temperature rises at constant moisture content.

- Enthalpy increases due to addition of sensible heat.

For example:

- Raising 60°F air to 80°F:

\[

\text{Enthalpy increase} \approx 1.0 \, \text{Btu/°F} \times (80 - 60) = 20 \, \text{Btu}

\]

- The humidity ratio remains unchanged.

Heating with Humidification

In this scenario, moisture is added during heating, which:

- Increases both temperature and humidity ratio

- Results in a higher enthalpy due to combined sensible and latent heat additions

---



6. Humidification Mechanisms and Considerations

Methods of Humidification

- Steam humidifiers: Introduce saturated steam directly or indirectly

- Spray humidifiers: Atomize water into the airflow

- Evaporative humidifiers: Use wetted media for natural evaporation

Depending on the method, the process impacts:

- Moisture content

- Temperature of the added water vapor

- Energy consumption

Design Considerations

- Desired humidity increase

- Temperature rise constraints

- Airflow rate

- Water quality and temperature

---

7. Psychrometric Process Path: From Entry to Exit

Expected Changes in Psychrometric State



Assuming the system is designed to:

- Heat the air from 60°F to, say, 80°F

- Increase RH from 20% to a target value (e.g., 50%)

The process path on a psychrometric chart involves:

- Moving horizontally to higher temperature (if heating only)

- Moving vertically upward (if humidifying)

- Combining both for simultaneous heating and humidification

Calculations for Final State

For example, if the target is:

- Temperature: 80°F

- Relative humidity: 50%

The corresponding humidity ratio (W₂): approximately 0.007 lb/lb dry air

The total moisture added:

\[

\Delta W = W_2 - W_1 \approx 0.007 - 0.0032 = 0.0038 \, \text{lb/lb dry air}

\]

Total moisture added per minute:

\[

\text{Moisture addition rate} = 150 \, \text{lb dry air/min} \times 0.0038 \approx 0.57 \, \text{lb water



vapor per min}

\]

---

8. Energy and Equipment Considerations

Heating Requirements

- Sensible heat needed to raise temperature:

\[

Q_s = \text{Mass flow} \times c_{pa} \times \Delta T

\]

Assuming \(c_{pa} \approx 0.24 \, \text{Btu/lb}^\circ F\):

\[

Q_s = 150 \times 0.24 \times (80 - 60) = 720 \, \text{Btu/min}

\]

Humidification Energy

- Latent heat to vaporize water:

\[

Q_l = \text{Moisture added} \times h_{fg}

\]



Where \(h_{fg}\) (latent heat of vaporization) at ~80°F is approximately 970 Btu/lb:

\[

Q_l = 0.57 \times 970 \approx 553 Btu/min

\]

Total energy input:

\[

Q_{total} = Q_s + Q_l \approx 1273 \, \text{Btu/min}

\]

This energy must be supplied by the heating elements and humidification system.

---

9. System Design Implications

Capacity and Sizing

- Systems must be capable of delivering at least 2000 CFM at the desired outlet conditions.

- Heating elements should provide ~1273 Btu/min or more, accounting for inefficiencies.

- Humidifiers must supply ~0.57 lb water vapor per minute.

Control Strategies

- Sensors: Temperature, humidity, and airflow sensors for feedback control.

- Automation: Modulating heating elements and humidifier output to maintain target conditions.

- Energy efficiency: Use of heat recovery, insulation, and optimized humidification techniques.



---

10. Practical Applications and Real-World Considerations

Industrial and Commercial Use Cases

- HVAC systems: To maintain indoor air quality and comfort.

- Manufacturing processes: Where specific humidity levels are critical (e.g., pharmaceuticals,

electronics).

- Agricultural environments: Greenhouses and animal husbandry.

Challenges and Solutions

- Cond
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