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110 C, 0.5 M In Length And the process of heat transfer from a heated surface
to moving air is a fundamental concept in thermal engineering, with
significant applications in HVAC systems, industrial cooling, and aerodynamic
heating. Understanding how this process occurs, the factors influencing heat
transfer efficiency, and the methods to optimize it are crucial for engineers
and designers aiming to enhance thermal management systems. This article
provides an in-depth exploration of the heat transfer mechanisms involved
when air at 20°C moving at 15 m/s is warmed by an isothermal heated plate at
110°C, which measures 0.5 meters in length. We will delve into the principles
governing convective heat transfer, analyze the key parameters affecting the
process, and discuss practical considerations and optimization strategies for
real-world applications.

Understanding Heat Transfer Between a Heated
Plate and Moving Air

Basics of Convective Heat Transfer

Convective heat transfer is the process of heat exchange between a solid
surface and a fluid in motion. It plays a vital role in numerous engineering
systems, especially where air or gases are involved due to their low thermal
conductivity compared to liquids and solids. The rate of convective heat
transfer depends on several factors, including the temperature difference,
fluid velocity, fluid properties, and the nature of the flow (laminar or
turbulent).

The general equation for convective heat transfer is:

\[ Q = h \times A \times (T s - T \infty) \]

where:

- \( Q \) = heat transfer rate (Watts)

- \( h \) = convective heat transfer coefficient (W/m?2:K)
- \( A\) = surface area (m?)

- \( T_s \) = surface temperature (°C or K)

- \( T \infty \) = free stream (air) temperature (°C or K)



In the context of a heated plate and moving air:

- The heated plate at 110°C acts as the heat source.

- The ambient air at 20°C is the fluid in motion.

- The airflow velocity significantly impacts the heat transfer coefficient \(
h \).

Key Parameters Influencing Heat Transfer from
the Heated Plate

Understanding the key parameters helps in analyzing and optimizing the heat
transfer process.

1. Temperature Difference (\( \Delta T \))

The driving force for heat transfer is the temperature difference between the
plate and the air:

\[ \Delta T =T s - T \infty = 110°C - 20°C = 90°C \]

A larger temperature difference increases the potential heat transfer rate.

2. Air Velocity (15 m/s)

The velocity of air influences the flow regime:

- At lower velocities, the flow tends to be laminar, with a lower heat
transfer coefficient.

- At higher velocities, the flow becomes turbulent, increasing \( h \) due to
enhanced mixing.

In this case, 15 m/s is sufficiently high to induce turbulent flow over the
plate, leading to higher heat transfer rates.

3. Length of the Heated Plate (0.5 meters)

The length determines the development of the thermal boundary layer:

- Longer plates allow more extensive heat exchange.

- The length influences the local and average heat transfer coefficients
along the surface.

4. Fluid Properties of Air at 20°C

Key properties include:
- Density (\( \rho \))
- Dynamic viscosity (\( \mu \))
- Thermal conductivity (\( k \))



- Specific heat capacity (\( c_ p \))
- Prandtl number (\( Pr \))

These properties are critical in calculating the Reynolds number and Nusselt
number, which predict flow and heat transfer characteristics.

Flow Regimes and Their Impact on Heat Transfer

Laminar vs. Turbulent Flow

The nature of the airflow over the heated plate significantly affects the
convective heat transfer coefficient:

- Laminar Flow: Characterized by smooth, orderly fluid motion. Results in
lower heat transfer coefficients (~10-50 W/m?2:-K).

- Turbulent Flow: Characterized by chaotic, mixing flows. Results in higher
heat transfer coefficients (~50-200 W/m2-K).

Given the velocity of 15 m/s and the plate length, the flow is likely
turbulent, which enhances heat transfer.

Reynolds Number Calculation

The Reynolds number (\( Re \)) helps determine the flow regime:

\[ Re = \frac{\rho \times V \times L}{\mu} \]

Where:
-\( V\) =15 m/s
-\N(L\)=0.5m

- \( \rho \), \( \mu \) are properties of air at 20°C (approximate values: \(
\rho \approx 1.204 \, kg/m"3 \), \( \mu \approx 1.81 \times 10~{-5} \, Pa
\cdot s \))

Calculating:

\[ Re = \frac{1.204 \times 15 \times 0.5}{1.81 \times 10"{-5}} \approx
498,000 \]

Since \( Re \) exceeds 4000, the flow is turbulent, favoring higher heat
transfer rates.



Heat Transfer Coefficient and Nusselt Number

Using Correlations for Turbulent Flow

The Nusselt number (\( Nu \)) relates to the convective heat transfer
coefficient:

\[ Nu = \frac{h \times L}{k} \]

Empirical correlations for turbulent flow over a flat plate are often used:
\[ Nu x = 0.0296 \times Re x~{0.8} \times Pr~{1/3} \]

Where:

- \( Re_x \) = Reynolds number at position \( x \) along the plate

- \( Pr\) = Prandtl number (~0.7 for air at 20°C)

Calculating \( Nu \) at the plate's end (\( x = 0.5\, m \)):

\[ Nu {0.5} = 0.0296 \times (498,000)"{0.8} \times 0.77{1/3} \]

This results in a high Nusselt number, indicating efficient convective heat
transfer.

Estimating the Heat Transfer Coefficient (\( h \))

Using:

\[ h = \frac{Nu \times k}{L} \]

Assuming thermal conductivity of air at 20°C:
\[ k \approx 0.0257\, W/m \cdot K \]

Calculating \( Nu {0.5} \) and then \( h \) provides an estimate of the heat
transfer coefficient along the plate.

Practical Applications and Optimization
Strategies



Applications of Heated Plate and Moving Air Systems

- Cooling Systems: Removing heat from electronic components or machinery.
- Heating Air Streams: Used in HVAC to preheat air before distribution.
- Industrial Processes: Such as drying, curing, or material processing.

Strategies to Maximize Heat Transfer Efficiency

- Increase Air Velocity: To transition from laminar to turbulent flow,
boosting \( h \).

- Optimize Plate Surface: Use roughened or textured surfaces to promote
turbulence.

- Increase Plate Length: Extending the heated surface enhances total heat
transfer.

- Maintain a Larger Temperature Difference: Ensuring the plate remains
significantly hotter than the air.

- Use of Fins or Extended Surfaces: To increase effective surface area for
heat exchange.

Considerations for Real-World Implementation

- Material Selection: High thermal conductivity materials to ensure uniform
heating.

- Insulation: To prevent heat loss to surroundings.

- Flow Management: Ensuring uniform airflow across the entire surface.

- Monitoring and Control: Using sensors to regulate plate temperature and
airflow for optimal performance.

Conclusion

The process of heating air at 20°C moving at 15 m/s by an isothermal heated
plate at 110°C, 0.5 meters long, exemplifies fundamental principles of
convective heat transfer. By analyzing the key parameters—such as temperature
difference, flow velocity, and surface length—-and understanding their
influence on flow regimes and heat transfer coefficients, engineers can
design systems that maximize efficiency. Turbulent flow over the plate
significantly enhances heat transfer, making such systems suitable for
various industrial and HVAC applications. Optimization strategies, including
increasing airflow velocity, surface roughness, and surface area, can further
improve performance. A comprehensive understanding of these concepts ensures
effective thermal management solutions tailored to specific operational
requirements.
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Frequently Asked Questions

What is the initial temperature and velocity of the
air in the scenario?

The initial temperature of the air is 20°C, and it is moving at a velocity of
15 m/s.

What is the temperature of the heated plate in the
problem?

The heated plate is at an isothermal temperature of 110°C.

What is the length of the heated plate involved in
the process?

The length of the heated plate is 0.5 meters.

What heat transfer mode is involved when air is
warmed by the heated plate?

The primary heat transfer mode is convection, as the air is in motion and
heated by the plate.

How does the initial velocity of air affect the heat
transfer process in this scenario?

The initial velocity influences the convective heat transfer coefficient,
affecting how quickly the air warms as it passes over the plate.

What is the significance of the isothermal condition
of the heated plate?

An isothermal heated plate maintains a constant temperature at 110°C,
ensuring steady heat transfer to the passing air.



How can the temperature increase of the air be
estimated as it flows over the heated plate?

By applying convective heat transfer equations, accounting for the flow
velocity, temperature difference, and heat transfer coefficients, the
temperature rise can be estimated.

What assumptions are typically made in analyzing
this heat transfer problem?

Assumptions may include steady-state conditions, uniform plate temperature,
constant properties of air, and neglecting heat losses to surroundings.

How does the flow velocity of 15 m/s influence the
convective heat transfer coefficient?

Higher flow velocities generally increase the convective heat transfer
coefficient, leading to faster heating of the air.

What factors determine the overall heat transfer
from the plate to the air?

Factors include the temperature difference between the plate and air, flow
velocity, properties of air, and the surface area of contact (length of 0.5
m) .

Additional Resources
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In the world of thermal engineering and fluid dynamics, understanding how air
interacts with heated surfaces is crucial for designing efficient heating
systems, cooling mechanisms, and environmental control devices. Imagine a
scenario where a steady stream of air, initially at room temperature and
flowing at a significant velocity, encounters a heated surface. The question
then arises: How does this air absorb heat, how can we quantify this
transfer, and what are the implications for engineering applications? This
article delves into the intricacies of such a situation, focusing on the case
where air at 20°C moving at 15 m/s is heated by an isothermal (constant
temperature) heated plate measuring 0.5 meters in length at 110°C.

This scenario, while seemingly straightforward, involves complex heat
transfer phenomena that combine convection, conduction, and possibly
radiation, depending on the context. To understand the process
comprehensively, we will explore the fundamental principles underlying
convective heat transfer, analyze the key parameters influencing the heating



process, and examine practical considerations in real-world applications.

Understanding the Fundamental Principles of
Heat Transfer in Moving Air

Convection: The Dominant Mechanism

When discussing heating of moving air by a surface, convection is the primary
mode of heat transfer. Convection involves the transfer of heat between a
solid surface and a fluid—in this case, air—that is in motion. It can be
classified into:

- Natural Convection: Driven by buoyancy effects due to temperature
differences.

- Forced Convection: Driven by external forces such as fans or blowers, which
is relevant here because the air is moving at a specified velocity.

Given the initial conditions—air at 20°C flowing at 15 m/s against a heated
plate—forced convection dominates.

Key Parameters Influencing Convective Heat Transfer

Several parameters govern the efficiency and rate of heat transfer:

- Fluid properties: Density (p), viscosity (u), specific heat capacity (c p),
thermal conductivity (k), and Prandtl number (Pr).

- Flow velocity (V): Determines the flow regime—laminar or turbulent.

- Characteristic length (L): Here, the length of the heated plate (0.5 m).

- Temperature difference (AT): Between the plate (110°C) and the incoming air
(20°C).

- Flow regime: Influences the heat transfer coefficient (h), which depends on
Reynolds and Nusselt numbers.

Analyzing the Flow Regime and Reynolds Number



Reynolds Number and Flow Classification

The Reynolds number (Re) is a dimensionless quantity indicating whether the
flow is laminar or turbulent:

\[ Re = \frac{\rho V L}{\mu} \]

Where:

- p (air density at 20°C): approximately 1.204 kg/m3

-V (velocity): 15 m/s

- L (characteristic length): 0.5 m

- M (dynamic viscosity of air at 20°C): approximately 1.81 x 10-° Pa-s

Calculating Re:

\ [

Re = \frac{1.204 \times 15 \times 0.5}{1.81 \times 10"{-5}} \approx
\frac{9.03}{1.81 \times 10°{-5}} \approx 499,445

\1]

This value indicates a highly turbulent flow (Re > 4000), which significantly
enhances heat transfer due to increased mixing.

Estimating the Convective Heat Transfer
Coefficient (h)

Nusselt Number Correlations

The Nusselt number (Nu) relates convective to conductive heat transfer:
\[ Nu = \frac{h L}{k} \]

For turbulent flow over a flat plate, empirical correlations such as the
Dittus-Boelter or more specific ones for external flow are used. A common
correlation for turbulent flow over a flat plate is the Blasius correlation
for laminar flow, but since the flow is turbulent, the Colburn analogy or
other turbulent correlations are more appropriate.

A typical turbulent external flow correlation over a flat plate is:

\[ Nu = 0.0296 \, Re”~{0.8} \, Pr~{1/3} \]



Where:

- Prandtl number (Pr): For air at 20°C, approximately 0.71
- Thermal conductivity of air (k): approximately 0.0257 W/m-K

Calculating Nu:

\ [
Nu = 0.0296 \times (499,445)"{0.8} \times (0.71)~{1/3}
\]

First, compute Re™0.8:

\ [

(499,445)~{0.8} \approx e~{0.8 \times \1n(499,445)} \approx e~{0.8 \times
13.122} \approx e”{10.497} \approx 36,996

\1

Next, Pr~{1/3}:

\ [
0.717{1/3} \approx 0.89
\1]

Now, compute Nu:

\ [

Nu \approx 0.0296 \times 36,996 \times 0.89 \approx 0.0296 \times 32,926
\approx 975.6

\1

Using this Nusselt number to find h:

\ [

h = \frac{Nu \times k}{L} = \frac{975.6 \times 0.0257}{0.5} \approx
\frac{25.07}{0.5} \approx 50.14 \, \text{W/m}"2\text{K}

\1

This value indicates the heat transfer coefficient for the turbulent flow
over the heated plate.

Calculating the Heat Transfer Rate



Heat Flux (q'') and Total Heat Transfer (Q)

The local heat flux (heat transfer per unit area) is:
\[ g'* = h \times \Delta T \]
Where:

- \( \Delta T = T {plate} - T {air} = 110°C - 20°C = 90°C \)

Calculating:

\ [

g'' = 50.14 \times 90 \approx 4,512.6 \, \text{W/m}"2
\1]

The total heat transfer (Q) over the length of the plate:

\ [
Q =q'" \times A
\1]

Where the area (A):

\ [

A = \text{width} \times \text{length}

\1]

Assuming a unit width (1 m) for simplicity:

\ [
A= 0.5\, \text{m} \times 1 \, \text{m} = 0.5 \, \text{m}"2

Q = 4,512.6 \times 0.5 \approx 2,256.3 \, \text{w}
\1]

This indicates that approximately 2.26 kW of heat is transferred from the
plate to the flowing air.

Implications for Air Heating and Practical



Applications

Heating Efficiency and Air Temperature Rise

The actual temperature increase of the air depends on the energy received and
the mass flow rate. The mass flow rate (\( \dot{m} \)):

\ [
\dot{m} = \rho \times V \times A {inlet}
\1

Assuming a cross-sectional inlet area of 1 m2:

\ [
\dot{m} = 1.204 \times 15 \times 1 = 18.06 \, \text{kg/s}
\1

The temperature rise (\( \Delta T {air} \)):

\ [
\Delta T {air} = \frac{Q}{\dot{m} \times c p}
\1]

Where:
- \( c_ p \) (specific heat of air): approximately 1005 J/kg-K
Calculating:

\ [

\Delta T {air} = \frac{2,256.3}{18.06 \times 1005} \approx
\frac{2,256.3}{18,157.8} \approx 0.124 \, \text{K}

\1

This small temperature increase (~0.124°C) suggests that, under these
conditions, the air's temperature rise is modest, emphasizing the need for
prolonged interaction, multiple passes, or larger heated surfaces for
significant heating.

Design Considerations and Real-World Applications

Understanding these heat transfer dynamics is vital for designing systems
such as:

- Industrial air heaters: Ensuring efficient heat transfer to process air.
- HVAC systems: Optimizing airflow and surface temperatures.



- Cooling of electronic components: Using forced airflow over heated
surfaces.

- Aerospace and automotive applications: Managing thermal loads on surfaces
exposed to airflow.

Key design factors include:

- Surface temperature control: Maintaining the isothermal condition at 110°C.
- Flow velocity optimization: Balancing turbulent flow for enhanced heat
transfer without excessive energy costs.

- Surface area scaling: Increasing the
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