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Air Enters An Evaporative Cooler At 1 Atm, 40C, And 20 Percent Relative Humidity At A
Rate Of 7 M3/min, a detailed understanding of the thermodynamic processes involved can
significantly enhance the efficiency and performance of evaporative cooling systems. This article
explores the fundamental principles, calculations, and practical implications of such an airflow
condition, providing valuable insights for engineers, HVAC specialists, and students interested in
evaporative cooling technologies.

---

Introduction to Evaporative Cooling and Its
Significance

Evaporative cooling is a natural and energy-efficient method of reducing air temperature by utilizing
the principle of water evaporation. When warm, dry air passes over water-saturated media or
directly over water, it absorbs moisture, leading to a decrease in temperature and an increase in
humidity. This process is especially effective in arid and semi-arid climates and offers a sustainable
alternative to traditional refrigeration-based air conditioning.

Understanding the properties of incoming air—such as temperature, humidity, flow rate, and
pressure—is essential for designing effective evaporative coolers. The specific conditions of air
entering the system, including its volume flow rate, temperature, and humidity, directly influence
the cooling capacity, water consumption, and overall system performance.

---

Analyzing the Inlet Conditions of Air Entering the
Evaporative Cooler

Basic Parameters of the Incoming Air

The given parameters are:

Pressure: 1 atm (atmospheric pressure)1.

Temperature: 40°C (hot, dry air)2.



Relative Humidity: 20%3.

Flow Rate: 7 m3/min (cubic meters per minute)4.

These conditions are typical of hot, dry environments where evaporative cooling is most beneficial.
To analyze the process, we need to determine properties such as:

- Specific humidity
- Humidity ratio
- Dew point temperature
- Enthalpy of the incoming air

---

Calculating Properties of the Incoming Air

1. Converting Volumetric Flow Rate to Mass Flow Rate

The volumetric flow rate (Q) is given as 7 m3/min. To analyze thermodynamic processes, it's
necessary to convert this to mass flow rate (ṁ) using the specific volume of air.

Step 1: Convert flow rate to cubic meters per second:

Q = 7 m3/min ÷ 60 = 0.1167 m3/s

Step 2: Determine the specific volume (v) of air at the inlet conditions.

The specific volume of dry air at a given temperature and pressure can be calculated using the ideal
gas law:

v = RT / P

Where:

- R = specific gas constant for dry air ≈ 0.287 kJ/(kg·K)
- T = absolute temperature in Kelvin = 40°C + 273.15 = 313.15 K
- P = pressure in kPa = 101.325 kPa (since 1 atm)

Calculation:

v = (0.287 kJ/(kg·K) × 313.15 K) / 101.325 kPa ≈ (89.9 kJ/kg) / 101.325 kPa



Note: Since 1 kPa·m3 = 1 kJ, the units are compatible.

Expressed differently:

v ≈ (0.287 × 313.15) / 101.325 ≈ 89.9 / 101.325 ≈ 0.887 m3/kg

Step 3: Calculate mass flow rate:

ṁ = Q / v = 0.1167 m3/s ÷ 0.887 m3/kg ≈ 0.1315 kg/s

Result: The air enters the evaporative cooler at approximately 0.1315 kg of dry air per second.

---

2. Determining Specific Humidity and Humidity Ratio

Step 1: Find the saturation vapor pressure (Pvs) at 40°C.

Using Antoine equations or standard tables, the saturation vapor pressure at 40°C is approximately:

Pvs ≈ 7.385 kPa

Step 2: Calculate the actual vapor pressure (Pv) using the relative humidity:

Pv = RH × Pvs = 0.20 × 7.385 kPa ≈ 1.477 kPa

Step 3: Calculate the humidity ratio (ω):

\[
ω = 0.622 \times \frac{P_v}{P - P_v}
\]

Where:

- P = total atmospheric pressure = 101.325 kPa

Calculation:

ω = 0.622 × (1.477) / (101.325 - 1.477) ≈ 0.622 × 1.477 / 99.848 ≈ 0.0092 kg
water vapor / kg dry air



Interpretation: The humidity ratio of the incoming air is approximately 0.0092 kg water vapor per kg
dry air.

---

Thermodynamic Properties of the Incoming Air

1. Enthalpy of the Incoming Air

Step 1: Find the specific enthalpy (h) of the moist air:

\[
h = c_{pa} \times T + ω \times (h_{vap} + c_{pv} \times T)
\]

Where:

- \( c_{pa} \) = specific heat of dry air ≈ 1.005 kJ/(kg·K)
- \( c_{pv} \) = specific heat of water vapor ≈ 1.91 kJ/(kg·K)
- \( h_{vap} \) = latent heat of vaporization of water at 40°C ≈ 2400 kJ/kg (approximate value)

Calculation:

\[
h = 1.005 \times 40 + 0.0092 \times (2400 + 1.91 \times 40)
\]

\[
h = 40.2 + 0.0092 \times (2400 + 76.4) = 40.2 + 0.0092 \times 2476.4
\]

\[
h ≈ 40.2 + 22.8 ≈ 63.0 \text{ kJ/kg}
\]

Result: The enthalpy of incoming air is approximately 63.0 kJ/kg.

---

Understanding the Evaporative Cooling Process



1. Principle of Operation

Evaporative coolers operate by passing hot, dry air through wetted media or direct water sprays.
The water absorbs heat from the air and evaporates, resulting in:

- Significant temperature reduction
- Increase in humidity level of the air
- Lowering of the air temperature closer to the wet-bulb temperature

Key Points:

Air's temperature drops as water evaporates into it.1.

The amount of cooling depends on the initial dry-bulb temperature, humidity, and airflow rate.2.

The process is adiabatic, meaning no heat is added or removed except for the latent heat of3.
evaporation.

2. Psychrometric Analysis

The psychrometric chart can be used to visualize the changes in air properties during the process.

- Initial conditions: 40°C, 20% RH, humidity ratio 0.0092 kg/kg
- Final conditions: closer to the wet-bulb temperature, which can be estimated from the initial
conditions

---

Estimating the Wet-Bulb Temperature and Cooling
Effect

1. Wet-Bulb Temperature Calculation

Using psychrometric charts or equations, the approximate wet-bulb temperature (Twb) for the inlet
air is:

- At 40°C and 20% RH, Twb ≈ 22°C

This indicates the maximum achievable cooling temperature through evaporative processes.



2. Potential Temperature Drop

The temperature of incoming air can be cooled down close to the wet-bulb temperature, depending
on the effectiveness of the cooler.

- Theoretically, in ideal conditions, the air temperature can decrease from 40°C down to
approximately 22°C.
- Practically, the cooling efficiency may be around 80-90%, so the actual outlet temperature might be
between 24°C and 28°C.

---

Water Consumption and Efficiency Considerations

1. Water Usage Rate

The amount of water required depends on:

- The volume of water evaporated into the air

Frequently Asked Questions

What is the initial humidity ratio of air entering the
evaporative cooler at 40°C and 20% relative humidity?
The initial humidity ratio of the air is approximately 0.0052 kg of water vapor per kg of dry air,
calculated based on the given conditions.

How does evaporative cooling affect the temperature and
humidity of air entering the system?
Evaporative cooling increases the humidity of the air and reduces its temperature, approaching the
wet-bulb temperature, thereby providing cooler, moister air.

What is the approximate rate of moisture addition to the air
per minute in this evaporative cooling process?
The moisture addition rate is approximately 0.012 kg of water vapor per minute, based on the air
flow rate and the change in humidity ratio.



How would the air conditions change after passing through
the evaporative cooler under these conditions?
The air would be cooled to near its wet-bulb temperature, with increased humidity and decreased
dry-bulb temperature, resulting in more comfortable indoor air conditions.

What is the significance of the 1 atm pressure in analyzing the
evaporative cooling process?
The 1 atm pressure sets the basis for calculating saturation vapor pressures and humidity ratios,
which are essential for analyzing the thermodynamic changes during evaporation.

Additional Resources
Air Enters An Evaporative Cooler At 1 Atm, 40°C, And 20 Percent Relative Humidity At A Rate Of 7
m³/min

---

Introduction

Evaporative cooling is a time-honored method of temperature regulation that leverages the natural
process of water evaporation to reduce air temperature. As the demand for energy-efficient and
environmentally friendly cooling solutions rises, evaporative coolers have gained prominence in
various applications ranging from residential to industrial settings. This article examines the
detailed thermodynamic interactions involved when ambient air at specific conditions—1
atmosphere (atm), 40°C, and 20% relative humidity—enters an evaporative cooler at a flow rate of 7
m³/min, analyzing the physical processes, energy exchanges, and practical implications inherent to
such a scenario.

---

Background on Evaporative Cooling

Evaporative coolers, also known as swamp coolers, operate on a simple principle: as air passes over
or through water-saturated media, water evaporates into the air, absorbing heat in the process and
thus lowering the air temperature. Unlike vapor-compression air conditioners, evaporative coolers
do not rely on refrigerants and are more energy-efficient in dry climates.

The effectiveness of an evaporative cooler hinges on the initial properties of the incoming air,
including temperature, humidity, and flow rate. Understanding these parameters enables engineers
and designers to optimize performance, predict cooling capacity, and assess energy consumption.

---

Physical and Thermodynamic Conditions of Incoming Air

Atmospheric Conditions



- Pressure: 1 atm (101.325 kPa)
- Temperature: 40°C (313.15 K)
- Relative Humidity (RH): 20%

Flow Rate

- Volumetric Flow Rate: 7 m³/min

These parameters define the initial state of the air entering the cooler, influencing the
thermodynamic processes that follow.

---

Calculating Initial Air Properties

1. Determining the Specific Humidity

Specific humidity (ω) represents the ratio of water vapor mass to dry air mass. It is derived from the
relative humidity, temperature, and saturation vapor pressure.

Saturation vapor pressure at 40°C:

Using Antoine's equation or standard vapor pressure tables, the saturation vapor pressure at 40°C is
approximately 7.385 kPa.

Actual vapor pressure (e):

e = RH × es = 0.20 × 7.385 kPa ≈ 1.477 kPa

Specific humidity (ω):

ω = 0.622 × e / (P - e)

where P = 101.325 kPa

ω ≈ 0.622 × 1.477 / (101.325 - 1.477) ≈ 0.622 × 1.477 / 99.848 ≈ 0.0092 kg water/kg dry air

This indicates that the incoming air carries about 9.2 grams of water per kilogram of dry air.

2. Density of the Incoming Air

Applying the ideal gas law:

ρ = P / (R_specific × T)

Where:

- R_specific for dry air ≈ 287 J/(kg·K)

- P = 101,325 Pa



- T = 313.15 K

ρ ≈ 101,325 / (287 × 313.15) ≈ 1.13 kg/m³

3. Mass Flow Rate of Dry Air

Given volumetric flow rate:

V = 7 m³/min = 0.1167 m³/sec

Mass flow rate:

m_dot = ρ × V ≈ 1.13 kg/m³ × 0.1167 m³/sec ≈ 0.132 kg/sec

---

Thermodynamic Processes in the Evaporative Cooler

1. Air-Water Interaction

As the incoming dry air passes through water-saturated media, it absorbs water vapor, increasing its
humidity ratio from 0.0092 to a higher value depending on the water evaporation rate.

2. Psychrometric Changes

The psychrometric process can be visualized on a psychrometric chart, illustrating the transition
from initial conditions (40°C, 20% RH, ω=0.0092) to a cooled, more humid state.

The key points include:

- Wet-bulb temperature (T_wb): Represents the lowest temperature achievable via evaporative
cooling. For 40°C dry bulb and 20% RH, T_wb is approximately 23°C.
- Approach to wet-bulb temperature: The air can be cooled down to near T_wb, but not below it
without additional cooling methods.

---

Expected Cooling Performance

1. Theoretical Maximum Cooling

In ideal conditions, the air can be cooled from 40°C down to approximately 23°C, assuming complete
evaporation and no heat losses.

2. Actual Cooling Capacity

The actual temperature reduction depends on:

- Water availability and temperature
- Airflow rate
- Media efficiency



- Ambient conditions

Using the psychrometric relationships, the cooling capacity per unit mass of dry air can be
approximated.

Energy required for vaporization:

Latent heat of vaporization at 40°C ≈ 2400 kJ/kg

Water evaporated per second:

m_water_evap = (m_dot) × (ω_final - ω_initial)

Assuming a target humidity ratio (e.g., 0.02 kg/kg dry air), the water vapor added:

m_water_evap ≈ 0.132 kg/sec × (0.02 - 0.0092) ≈ 0.00114 kg/sec

Heat absorbed:

Q = m_water_evap × latent heat ≈ 0.00114 kg/sec × 2400 kJ/kg ≈ 2.74 kW

This represents the theoretical maximum cooling power available from water evaporation at this
flow rate and humidity increment.

---

Practical Considerations and Limitations

1. Media Efficiency and Design

The actual reduction in temperature is less than the theoretical maximum due to:

- Heat losses
- Non-ideal media performance
- Air bypassing or uneven water distribution
- Ambient conditions fluctuating

Most evaporative coolers achieve 70-90% of theoretical capacity, implying a probable outlet
temperature around 25-30°C under optimal conditions.

2. Humidity Constraints

As the air approaches its saturation point, further evaporation slows, limiting cooling effectiveness.
The initial low humidity (20%) allows more water evaporation, but as humidity increases, the driving
force diminishes.

3. Environmental Impact

Evaporative cooling is highly suitable for arid regions, where low humidity allows significant
temperature reductions without excessive humidity buildup indoors.



---

Implications for Design and Operation

1. Airflow Management

Maintaining a consistent flow rate of 7 m³/min ensures predictable cooling performance. Proper fan
sizing, media placement, and water distribution are critical.

2. Water Quality and Supply

Clean, adequately heated water enhances evaporation efficiency. Regular maintenance prevents
microbial growth and media fouling.

3. Energy Considerations

While evaporative coolers consume less energy than vapor-compression systems, their capacity is
limited by ambient humidity levels and the temperature differential they can achieve.

---

Conclusion

The scenario where air enters an evaporative cooler at 1 atm, 40°C, and 20% relative humidity at a
rate of 7 m³/min exemplifies the fundamental thermodynamic principles that underpin evaporative
cooling. The initial dry-bulb temperature and low humidity favor significant temperature drops,
potentially bringing the air close to its wet-bulb temperature (~23°C), thus demonstrating high
efficiency in suitable climates.

The precise cooling effect depends on multiple factors, including media design, water temperature,
and environmental conditions. While the thermodynamic analysis indicates a potential cooling
capacity of approximately 2.7 kW under ideal conditions, real-world performance may vary.
Nonetheless, understanding these interactions allows engineers to optimize evaporative cooler
designs, ensuring energy-efficient operation tailored to specific environmental contexts.

In conclusion, the detailed examination of this scenario underscores the importance of
psychrometric analysis in designing and evaluating evaporative cooling systems, especially in
regions where low humidity and high temperatures prevail. Such insights are invaluable for
advancing sustainable cooling technologies that align with environmental and economic goals.
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