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The scenario involving moist air at a dry-bulb temperature of 60°F and a relative humidity of 20%, entering a
combined heater and humidifier system at a flow rate of 2000 units (assumed to be in cubic feet per minute or
similar volumetric measure), presents a complex thermodynamic problem. Analyzing this process requires
understanding the initial conditions of the air, the behavior of the air as it passes through the heating and
humidifying equipment, and the resultant changes in its temperature and moisture content. This comprehensive
exploration will delve into the properties of the incoming moist air, the process of heating and humidification,
and the calculations involved in determining the final state of the air, emphasizing key concepts such as humidity
ratio, specific humidity, enthalpy, and the psychrometric processes involved.

Understanding the Initial Conditions of the Moist Air

Dry-Bulb Temperature and Relative Humidity

The initial air conditions are specified as:

Dry-bulb temperature (Tdb): 60°F

Relative humidity (RH): 20%

These parameters define the state of the moist air and are essential for calculating other properties such as
humidity ratio, specific humidity, vapor pressure, and enthalpy. The dry-bulb temperature indicates the
temperature of the air as measured by a standard thermometer, while the relative humidity indicates how
saturated the air is with water vapor at that temperature.

Calculating the Saturation Vapor Pressure at 60°F

The saturation vapor pressure (Psat) is a critical parameter that depends on temperature. Using empirical
formulas or psychrometric charts, the saturation vapor pressure at 60°F is approximately:

Psat ≈ 0.256 psi (or approximately 4.4 inches of mercury) based on standard steam tables.

This value indicates the maximum partial pressure of water vapor the air can hold at 60°F.

Determining the Actual Vapor Pressure and Humidity Ratio

The actual vapor pressure (Pv) is given by:

Pv = RH × Psat = 0.20 × 0.256 psi ≈ 0.0512 psi



The humidity ratio (ω), also known as the humidity or specific humidity, can be calculated using the relation:

ω = 0.6219 × (Pv / (Patm - Pv))

Assuming atmospheric pressure (Patm) is approximately 14.7 psi, then:

ω = 0.6219 × (0.0512 / (14.7 - 0.0512)) ≈ 0.6219 × (0.0512 / 14.6488) ≈
0.6219 × 0.0035 ≈ 0.00218 lb water vapor per lb dry air

This humidity ratio indicates the water vapor content per pound of dry air in the initial state.

Process of Heating and Humidification in the System

Function of the Heater and Humidifier

The combined heater and humidifier serve two primary functions:

Increase the dry-bulb temperature of the incoming air to the desired setpoint.1.

Add moisture to the air, increasing its humidity ratio to a target level suitable for the application.2.

The process is typically designed to bring the incoming air to a specified condition, often for comfort control,
industrial processes, or environmental regulation.

Expected Changes in the Air Properties

Temperature increases from 60°F to a higher value (determined by system design or process requirements).

Humidity ratio increases from the initial 0.00218 lb/lb dry air to a higher value, reflecting added
moisture.

Enthalpy of the air increases due to both heating and humidification, affecting the energy consumption and
system design.

Psychrometric Process Explanation

The process can be visualized on a psychrometric chart, where the initial state point (at 60°F and 20% RH)
moves along a process line to the final condition. The movement involves:

Vertical increase in temperature at constant humidity ratio (if only heating), or1.

Upward and rightward movement if both heating and humidification occur simultaneously.2.

The actual path depends on the system's design—whether it primarily heats the air, humidifies it, or does both in
tandem.



Calculations for Final Conditions

Determining the Final Humidity Ratio

The target humidity ratio after humidification depends on system specifications, such as desired relative
humidity or absolute humidity levels. For illustration, suppose the system aims to increase the humidity ratio
to 0.008 lb/lb dry air.

Final Enthalpy Calculation

The specific enthalpy of moist air is calculated as:

h = 0.24 × Tdb + ω × (2501 + 1.86 × Tdb)

where:

h = specific enthalpy (Btu/lb dry air)

Tdb = dry-bulb temperature in °F

ω = humidity ratio in lb water vapor/lb dry air

Applying this, the initial enthalpy (at 60°F and ω = 0.00218) is:

hinitial = 0.24 × 60 + 0.00218 × (2501 + 1.86 × 60) ≈ 14.4 + 0.00218 × (2501 +
111.6) ≈ 14.4 + 0.00218 × 2612.6 ≈ 14.4 + 5.7 ≈ 20.1 Btu/lb dry air

The final enthalpy depends on the final temperature and humidity ratio, which can be determined based on system
goals.

Mass and Energy Balances

Given the flow rate of 2000 units (assumed to be in cubic feet per minute), the mass flow rate of dry air (mda)
can be estimated if the air density is known. For standard conditions, the density of dry air at sea level is
approximately 0.075 lb/ft³.

mda = volumetric flow rate × density = 2000 ft³/min × 0.075 lb/ft³ = 150 lb
dry air/min

Using this, the total moisture added per minute can be calculated from the change in humidity ratio:

Moisture added = mda × (ωfinal - ωinitial)

Implications for System Design and Operation



Energy Considerations

The system must supply sufficient heat to raise the air temperature to the desired level.

Additional energy is required to humidify the air, especially if the initial humidity ratio is low.

Efficiency considerations include the type of heating element, humidifier technology, and heat recovery
options.

Control Strategies

Effective control involves monitoring the inlet conditions and adjusting the heater and humidifier outputs to
meet the desired final air state. This may include:

Using sensors for temperature and humidity.

Employing control algorithms to modulate heating elements and water supply.

Ensuring stability and avoiding overshoot or undershoot of target conditions.

Environmental and Comfort Impacts

Properly conditioned air improves indoor air quality and occupant comfort in HVAC applications. Maintaining
appropriate humidity levels prevents issues such as dryness, static electricity, and mold growth.

Conclusion

The process involving moist air at 60°F and 20% RH entering a heater and humidifier at a flow rate of 2000
units encompasses a multifaceted analysis of psychrometric principles, energy transfer, and system control. By
understanding the initial conditions

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 can be calculated using psychrometric charts or formulas; at 60°F and 20% RH, it is
approximately 0.0032 lb of moisture per lb of dry air.

How does passing moist air through a heater and humidifier at a rate of
2000 cfm affect its humidity and temperature?

The process increases the air's temperature and moisture content, resulting in higher humidity and temperature,
depending on the heat and moisture added by the equipment.



What is the purpose of a humidifier in this air treatment process?

The humidifier adds moisture to the air to increase its humidity level, which is often necessary for comfort,
process requirements, or preventing dryness.

How can we determine the final conditions of the air after heating and
humidification?

By using psychrometric calculations or charts, considering the amount of heat and moisture added, and the
initial air conditions, we can determine the final temperature and humidity ratio.

What factors influence the amount of moisture added to the air during this
process?

Factors include the capacity of the humidifier, the duration of contact, the rate of moisture addition (2000
cfm), and the initial moisture content of the incoming air.

What are the typical applications for heating and humidifying moist air in
HVAC systems?

Common applications include maintaining indoor air quality and comfort, drying processes, sterilization, and
ensuring proper humidity levels in manufacturing or storage environments.
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---

Introduction

In HVAC (Heating, Ventilation, and Air Conditioning) systems, understanding the behavior of moist air as it
passes through various heating and humidifying processes is crucial for maintaining indoor air quality,
comfort, and energy efficiency. This review focuses on a specific scenario: moist air at 60°F dry bulb
temperature (DB) and 20% relative humidity (RH) entering a combined heater and humidifier at a flow rate of
2000 cubic feet per minute (CFM). We will explore the thermodynamic principles involved, the properties of the
incoming air, the effects of heating and humidification, and the resulting conditions post-treatment.

---

1. Characterization of the Incoming Air

1.1. Basic Parameters

- Dry Bulb Temperature (DB): 60°F
- Relative Humidity (RH): 20%
- Flow Rate: 2000 CFM

The initial state of the air significantly influences the energy requirements and the humidity control strategies.

1.2. Converting Units and Understanding the Conditions

To analyze the air, it is essential to convert the temperature and humidity into more usable forms, such as
humidity ratio, specific humidity, and enthalpy.



- Temperature Conversion:

- 60°F is approximately 15.56°C (using °F to °C conversion: (°F - 32) × 5/9).

- Saturation Vapor Pressure at 60°F:

- Using standard tables, the saturation vapor pressure (P_sat) at 60°F is approximately 0.256 psia (or
about 1.76 kPa).

- Actual Vapor Pressure (P_v):

- Given RH of 20%, P_v = RH × P_sat = 0.20 × 0.256 psia ≈ 0.0512 psia.

- Humidity Ratio (W):

- The humidity ratio (lb of moisture per lb of dry air) is given by:

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

- Assuming atmospheric pressure \( P_{atm} \) is approximately 14.7 psia,

\[
W = 0.6219 \times \frac{0.0512}{14.7 - 0.0512} \approx 0.6219 \times \frac{0.0512}{14.6488} \approx
0.6219 \times 0.003496 \approx 0.00217 \, \text{lb/lb dry air}
\]

- Enthalpy of the Incoming Air:

- Enthalpy (h) of moist air can be approximated as:

\[
h = 0.24 \times T_{db} + W \times (2501 + 1.86 \times T_{db})
\]

- Substituting the values:

\[
h = 0.24 \times 60 + 0.00217 \times (2501 + 1.86 \times 60)
\]

\[
h = 14.4 + 0.00217 \times (2501 + 111.6) = 14.4 + 0.00217 \times 2612.6 \approx 14.4 + 5.67 \approx
20.07 \text{ Btu/lb dry air}
\]

This initial characterization provides a baseline for understanding how the air will change after passing
through the heater and humidifier.

---

2. Thermodynamic and Psychrometric Principles

2.1. Psychrometrics Overview

Psychrometrics involves the study of the thermodynamic properties of moist air. Key parameters include:

- Dry Bulb Temperature (T_db)



- Wet Bulb Temperature (T_wb)
- Humidity Ratio (W)
- Relative Humidity (RH)
- Enthalpy (h)

Understanding how these parameters interact helps in designing systems that modify air conditions efficiently.

2.2. Heating and Humidification Processes

The system involves two simultaneous processes:

- Heating: Raising the dry bulb temperature of the air.
- Humidification: Increasing the moisture content (humidity ratio).

The primary goal is to achieve desired indoor air conditions while optimizing energy use.

---

3. Effects of Heating and Humidification

3.1. Heating the Air

Heating the moist air involves adding sensible heat, which raises the temperature without changing the moisture
content (assuming no moisture is added or removed during heating).

- Temperature Increase:

- The final dry bulb temperature depends on the amount of heat supplied.
- The temperature rise is calculated based on the heat input and the mass flow rate.

- Impact on Relative Humidity:

- As temperature increases, the relative humidity tends to decrease if the moisture content remains constant
because warmer air can hold more moisture.

3.2. Humidification

Humidification adds moisture to the air, increasing the humidity ratio.

- Methods:

- Evaporative humidifiers add moisture directly to the air.
- The amount of moisture added depends on the system design and desired final conditions.

- Effect on Psychrometric Chart:

- Moving horizontally to the right (increasing W) at constant temperature if moisture is added at constant
temperature.
- Or, moving along a line of constant enthalpy if heat is added simultaneously.

---

4. Calculating the Post-Treatment Conditions

Given the initial conditions and flow rate, we analyze the potential outcomes after passing through the heater
and humidifier.

4.1. Mass Flow Rate of Dry Air



- Conversion to mass flow:

- At 2000 CFM, the mass flow rate (m) of dry air is:

\[
m = \frac{\text{CFM} \times \text{Density of air}}{60}
\]

- The density of air at approximately 15.56°C (60°F) and atmospheric pressure is roughly 0.075 lb/ft³.

\[
m = \frac{2000 \times 0.075}{60} = \frac{150}{60} = 2.5 \, \text{lb/sec}
\]

- Alternatively, in lb/min:

\[
2.5 \times 60 = 150 \, \text{lb/min}
\]

4.2. Moisture Addition and Heating

Suppose the system aims to:

- Raise the air temperature to a comfortable indoor condition, say 70°F (21.1°C).
- Achieve a specific humidity level suitable for comfort, say RH of 40%.

Step-by-step:

1. Determine the desired final conditions:

- Final temperature: 70°F (~21.1°C)
- Target RH: 40%

2. Find the saturation vapor pressure at 70°F:

- P_sat at 70°F (~21.1°C): approximately 0.863 psia.

3. Calculate the vapor pressure for 40% RH:

\[
P_v = 0.40 \times 0.863 \approx 0.345 psia
\]

4. Determine the humidity ratio at these conditions:

\[
W_{final} = 0.6219 \times \frac{0.345}{14.7 - 0.345} \approx 0.6219 \times \frac{0.345}{14.355}
\approx 0.6219 \times 0.024 \approx 0.0149 \, \text{lb/lb dry air}
\]

5. Calculate the moisture to be added:

- Initial W: 0.00217 lb/lb dry air.
- Final W: 0.0149 lb/lb dry air.

- Moisture added per lb of dry air:

\[



\Delta W = 0.0149 - 0.00217 \approx 0.01273 \, \text{lb}
\]

6. Total moisture added per minute:

\[
150 \, \text{lb/min} \times 0.01273 \approx 1.91 \, \text{lb/min}
\]

7. Energy required for heating:

- To raise temperature from 60°F to 70°F:

\[
\Delta T = 10^\circ F
\]

- Sensible heat:

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

- With \( c_p \approx 0.24 \, \text{Btu/lb}^\circ F \):

\[
Q_{sensible} = 150 \times 0.24 \times 10 = 360 \, \text{Btu/min}
\]

8. Latent heat for added moisture:

- Approximate latent heat
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