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Introduction

In modern building design and HVAC engineering, accurately calculating the
cooling load is essential for ensuring thermal comfort, energy efficiency,
and cost-effective operation. The cooling load refers to the amount of heat
energy that must be removed from a building to maintain a desired indoor
temperature. Among the various factors influencing the cooling load, the
contributions from the roof and exterior walls—particularly the south and
west-facing walls—are significant due to their exposure to solar radiation
and thermal transfer.

This article provides a comprehensive, step-by-step approach to determine the
cooling load caused by the roof and south and west walls of a building, with
specific reference to two different conditions or locations at 1200 and 1400
units (these could be specific times, temperatures, or other relevant
parameters depending on the context). The goal is to enable engineers,
architects, and students to perform accurate load calculations by
understanding the underlying principles and applying established methods.

---

Understanding the Factors Influencing Cooling Load

Before diving into calculations, it's important to understand the key factors
affecting the heat gain through building components:

1. Solar Radiation

- The amount of solar energy incident on the roof and walls depends on the
orientation, time of day, season, and local climate.
- South-facing walls and the roof typically receive higher solar radiation in
the northern hemisphere, especially during midday.
- West-facing walls are exposed to intense afternoon sun, leading to
increased heat gain.

2. Thermal Properties of Building Materials

- Conductivity, specific heat, and thickness determine how much heat is
transferred through the building envelope.



- Materials with high thermal transmittance (U-values) transfer more heat.

3. Surface Characteristics

- Color, finish, and texture influence the absorption of solar radiation.
- Light-colored or reflective surfaces reduce heat gain.

4. External Conditions

- Outdoor temperature, humidity, and wind speed impact convective heat
transfer.
- Solar intensity varies with location and time.

---

Step-by-Step Approach to Cooling Load Calculation

Calculating the cooling load involves several steps, combining solar heat
gain calculations with conduction and convection principles.

Step 1: Gather Necessary Data

To perform accurate calculations, gather the following data:

- Building dimensions: area of roof, south wall, and west wall.
- Orientation details: angles and azimuths.
- Material properties: thermal conductivity, thickness, U-values.
- Climatic data: solar radiation intensity (W/m²), outdoor temperature.
- Surface characteristics: color, reflectivity.
- Time-specific parameters: for the conditions at 1200 and 1400 units.

Step 2: Calculate Solar Heat Gain

The solar heat gain through each surface is a primary contributor to cooling
load.

Formula:

\[ Q_{solar} = A \times I \times \rho \times \tau \]

Where:

- \( A \) = surface area (m²)
- \( I \) = solar radiation intensity (W/m²)
- \( \rho \) = absorptivity of surface material (dimensionless)
- \( \tau \) = transmissivity (for windows or glazed surfaces, if applicable)

---

Step 3: Determine Transmitted Solar Radiation



Adjust the solar radiation for the surface orientation and shading effects:

- Use solar angles and surface tilt to find incident radiation.
- Apply shading coefficients if there are overhangs or nearby obstructions.

---

Step 4: Calculate Heat Transfer Through Walls and Roof

Beyond solar gains, conduction heat transfer from the outside environment to
the interior must be considered:

Conduction Heat Gain:

\[ Q_{conduction} = U \times A \times (T_{outside} - T_{inside}) \]

Where:

- \( U \) = overall heat transfer coefficient (W/m²·K)
- \( T_{outside} \) = external temperature
- \( T_{inside} \) = desired indoor temperature

---

Step 5: Account for Internal Gains and Ventilation

Internal heat gains from occupants, equipment, and lighting add to the
cooling load. Ventilation and infiltration also influence heat transfer.

---

Step 6: Summing Up the Total Cooling Load

The total cooling load from the roof and walls is the sum of:

- Solar heat gains
- Conductive heat gains
- Internal gains (if relevant)

Expressed as:

\[ Q_{total} = Q_{solar} + Q_{conduction} + Q_{internal} \]

---

Applying the Calculation to Specific Conditions at 1200 and 1400

In the context of the given problem, the values 1200 and 1400 could refer to
specific times of day (e.g., 1200 hours and 1400 hours) or specific
temperature conditions. Here's how these values influence the calculations:



1. Solar Radiation Intensity at 1200 and 1400

- Solar radiation is typically higher around midday; thus, at 1200 hours, the
solar intensity might be lower or higher depending on geographic location.
- By 1400 hours, solar intensity may peak or decrease depending on the
season.

Use local solar radiation data or clear-sky models to determine accurate \( I
\) values at these times.

2. External Temperatures

- External temperature may vary at these times, affecting conduction heat
transfer.

3. Calculation Adjustments

- For each time point, update the solar radiation intensity \( I \) and
external temperature \( T_{outside} \).
- Recalculate \( Q_{solar} \) and \( Q_{conduction} \) accordingly.

---

Practical Example: Sample Calculation

Let's consider a hypothetical building with the following parameters:

- Roof area: 200 m²
- South wall area: 150 m²
- West wall area: 100 m²
- Material U-value: 0.5 W/m²·K
- Indoor temperature: 24°C
- Outdoor temperature at 1200 hours: 30°C
- Outdoor temperature at 1400 hours: 32°C
- Solar radiation intensity:

- At 1200 hours: 700 W/m²

- At 1400 hours: 900 W/m²

- Absorptivity (\( \rho \)): 0.7 for roof, 0.6 for walls

Step 1: Solar Heat Gain for Roof at 1200 hours

\[ Q_{solar, roof} = A_{roof} \times I_{1200} \times \rho_{roof} \]

\[ Q_{solar, roof} = 200 \times 700 \times 0.7 = 98,000\, \text{W} \]

Step 2: Solar Heat Gain for South Wall at 1200 hours

\[ Q_{solar, south} = 150 \times 700 \times 0.6 = 63,000\, \text{W} \]



Step 3: Solar Heat Gain for West Wall at 1200 hours

\[ Q_{solar, west} = 100 \times 700 \times 0.6 = 42,000\, \text{W} \]

Step 4: Conduction Heat Gain

Calculate for each surface:

Roof:

\[ Q_{conduction, roof} = U \times A_{roof} \times (T_{outside} - T_{inside})
\]

\[ Q_{conduction, roof} = 0.5 \times 200 \times (30 - 24) = 0.5 \times 200
\times 6 = 600\, \text{W} \]

South wall:

\[ Q_{conduction, south} = 0.5 \times 150 \times (30 - 24) = 0.5 \times 150
\times 6 = 450\, \text{W} \]

West wall:

\[ Q_{conduction, west} = 0.5 \times 100 \times (30 - 24) = 0.5 \times 100
\times 6 = 300\, \text{W} \]

Step 5: Total Cooling Load at 1200 hours

Sum all contributions:

\[ Q_{total, 1200} = (98,000 + 63,000 + 42,000) + (600 + 450 + 300) \]

\[ Q_{total, 1200} = 203,000 + 1,350 = 204,350\, \text{W} \]

Similarly, perform calculations at 1400 hours with updated values:

- \( I_{1400} = 900\, \text{W/m}^2 \)

- \( T_{outside} = 32^\circ C \)

Solar Gains:

\[ Q_{solar, roof} = 200 \times 900 \times 0.7 = 126,000\, \text{W} \]

\[ Q_{solar, south} = 150 \times 900 \times 0.6 = 81,000\, \text{W} \]

\[ Q_{solar, west} = 100 \times 900 \times 0.6 = 54,000\, \text{W} \]

Conduction Gains:

\[ Q_{conduction, roof} = 0.5 \times 200 \times (32 - 24) =



Frequently Asked Questions

What is the primary purpose of calculating the
cooling load caused by the roof and walls in a
building?
The primary purpose is to determine the amount of heat gain through the roof
and walls to size the air conditioning system appropriately and ensure
thermal comfort.

How do outdoor temperature variations at 1200 and
1400 hours affect the cooling load calculations for
the roof and walls?
Temperature variations influence the heat transfer rate; higher outdoor
temperatures at these times increase the cooling load due to greater heat
gain through the building envelope.

Which factors are considered when determining the
cooling load caused by the roof and south and west
walls?
Factors include outdoor temperature, solar radiation intensity, wall and roof
materials, insulation properties, orientation, and the time of day (such as
1200 and 1400 hours).

Why are the specific times 1200 and 1400 hours
important in cooling load calculations?
These times typically represent peak solar radiation periods, resulting in
maximum heat gain, thus providing critical data for designing effective
cooling systems.

What methods or tools are commonly used to determine
the cooling load caused by roof and walls at
specified times?
Methods include manual calculations using heat transfer equations, software
tools like HAP or TRACE, and solar radiation data to accurately estimate heat
gain during specific times.

How does the choice of building materials impact the



cooling load calculations for the roof and walls?
Materials with higher thermal conductivity and lower insulation reduce
resistance to heat transfer, increasing the cooling load, whereas insulated
and reflective materials decrease heat gain.

What are the typical steps involved in determining
the cooling load caused by roof and walls at 1200
and 1400 hours?
Steps include collecting environmental data, calculating solar radiation,
determining heat transfer through the building envelope, accounting for
material properties, and summing heat gains to find total cooling load at
each time.

Additional Resources
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Investigating the Cooling Load of Roof and South & West Walls at Specific
Times: An In-depth Analysis

In the realm of building design and energy efficiency, understanding the
thermal loads imposed on structures is critical. Particularly, the cooling
load contributed by external surfaces such as roofs and walls significantly
influences HVAC system sizing, operational costs, and occupant comfort. This
article delves into the detailed methodology of determining the cooling load
caused by the roof and south and west walls of a building at specific
times—namely 1200 hours (noon) and 1400 hours (2 pm). The analysis aims to
serve as a comprehensive review, combining theoretical principles with
practical considerations and recent advancements in thermal load
calculations.

---

Introduction to Building Cooling Loads

The cooling load of a building is the amount of heat energy that must be
removed to maintain desired indoor conditions. It encompasses internal gains
(occupants, equipment, lighting) and external gains (solar radiation, outdoor
air temperature, wind). External surface heat gains—particularly through the
roof and walls—are often predominant during peak sunlight hours, especially
in hot climates or during summer months.

Significance of Roof and Wall Contributions



- Roof: Acts as a primary interface with solar radiation; its orientation,
material, and insulation significantly influence heat transfer.
- South and West Walls: These surfaces receive direct solar radiation during
specific times of the day, especially when the sun is in the southern and
western sky, leading to increased heat gains.

Understanding the specific contributions at 1200 and 1400 hours allows for
precise HVAC sizing and energy modeling.

---

Theoretical Framework for Cooling Load Calculation

The calculation process involves multiple steps, integrating principles from
heat transfer, solar geometry, and building physics.

1. Solar Radiation Analysis

The amount of solar radiation incident on a surface depends on:

- Solar position (azimuth and altitude angles)
- Surface orientation and tilt
- Atmospheric conditions
- Time of day and year

2. Surface Properties

- Material type: affects absorptivity, emissivity, and thermal conductivity
- Color and finish: influence solar absorptance
- Insulation levels: modify heat transfer rates

3. Heat Transfer Mechanisms

- Direct solar gain: solar radiation absorbed by the surface
- Convective heat transfer: between surface and ambient air
- Radiative exchange: between surfaces and the sky or other surfaces
- Conductive transfer: through the building envelope

4. Internal Heat Gains

While the focus is external surfaces, internal gains can influence total
cooling load, but for the scope of this analysis, external gains are
emphasized.

---

Methodology for Determining Cooling Load at Specific Times

Step 1: Data Collection

- Outdoor meteorological data: air temperature, wind speed, humidity



- Solar data: solar angles, irradiance levels
- Building specifications: orientation, dimensions, materials, insulation

Step 2: Calculate Solar Radiation on Surfaces

Using solar geometry equations, determine the incident solar radiation on the
roof, south, and west walls at 1200 and 1400 hours.

- Solar Azimuth and Altitude Angles: Calculated based on geographic location,
date, and time
- Incident Solar Radiation: Derived from direct beam, diffuse, and reflected
components

Step 3: Determine Surface Absorptance and Solar Gains

Apply surface properties to compute absorbed solar radiation:

- \( Q_{solar} = A \times \alpha \times I \)

where:

- \(A\) = surface area
- \(\alpha\) = absorptance
- \(I\) = incident solar irradiance

Step 4: Compute Convective and Radiative Heat Losses

Calculate heat transfer from surfaces to the environment considering:

- Convective heat transfer coefficient (\(h_c\))
- Radiative exchange with sky and surroundings, considering emissivity
(\(\epsilon\))

Step 5: Aggregate External Heat Gains

Sum the contributions from all mechanisms to find the total external heat
gain at each specified time.

Step 6: Convert External Gains to Cooling Load

Apply appropriate correction factors and consider internal factors to
determine the net cooling load attributable to these surfaces.

---

Deep Dive into Solar Geometry and Radiation Calculations

Solar Position Calculations

The solar altitude (\(\alpha_s\)) and azimuth (\(\phi_s\)) are critical:



\[
\sin \alpha_s = \sin \delta \times \sin \varphi + \cos \delta \times \cos
\varphi \times \cos H
\]

where:

- \(\delta\) = solar declination
- \(\varphi\) = latitude
- \(H\) = hour angle

The hour angle at given times (1200, 1400) is:

\[
H = 15^\circ \times (t_{solar} - 12)
\]

Incident Solar Irradiance Components

- Direct beam radiation depends on the angle of incidence
- Diffuse radiation is generally isotropic
- Reflected radiation from the ground or surrounding surfaces

---

Practical Considerations and Challenges

- Variable weather conditions: cloud cover and atmospheric aerosols affect
irradiance
- Building orientation and shading: adjacent structures or landscape features
can reduce solar gains
- Material aging and degradation: over time, surface properties may change
- Time-specific variations: even within the same hour, solar angles and
irradiance can vary

---

Case Study: Application to a Hypothetical Building

Assuming a building located at 40°N latitude, with:

- Roof area: 200 m²
- South wall area: 150 m²
- West wall area: 150 m²
- Material: metal roof with high reflectance, painted concrete walls
- Insulation: moderate R-value

Calculations at 1200 hours might reveal that:

- The roof absorbs significant solar radiation (~600 W/m² incident)
- The south wall receives direct solar radiation (~800 W/m²)



- The west wall, due to afternoon sun, receives increased radiation (~900
W/m²)

At 1400 hours, these values can increase or decrease depending on the sun's
position, with west-facing surfaces experiencing peak incident radiation.

---

Advances in Load Calculation Techniques

Recent developments include:

- Dynamic thermal modeling: software like EnergyPlus or TRNSYS simulates
real-time thermal behavior
- Integrated shading analysis: incorporating shading devices and landscape
- Use of high-resolution weather data: improves accuracy of solar and
temperature inputs
- Machine learning approaches: predicting loads based on historical data

---

Conclusion: From Theory to Practice

Determining the cooling load caused by roof and walls at specific times, such
as 1200 and 1400 hours, involves multi-faceted analysis integrating solar
geometry, material properties, and environmental data. Accurate load
calculations enable engineers to optimize HVAC systems, reduce energy
consumption, and enhance occupant comfort.

Understanding the detailed thermal interactions at these peak solar periods
is essential for designing energy-efficient buildings, especially in climates
with high solar insolation. As computational tools grow more sophisticated,
incorporating real-time data and advanced modeling will further refine these
assessments, contributing to sustainable building practices.

---
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In summary, the process of determining the cooling load caused by roof and
south and west walls at specific times is a complex but manageable task,
demanding a thorough understanding of solar geometry, heat transfer, and



building physics. Accurate calculations support energy-efficient building
design and operation, minimizing environmental impact and operational costs.
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