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Transporting heated air through duct systems is a common requirement in
various engineering applications, including HVAC (Heating, Ventilation, and
Air Conditioning), industrial processes, and environmental control systems.
When designing such a system, several factors need to be considered to ensure
efficient, safe, and effective transportation of air. These factors include
the properties of the air at the given conditions, the characteristics of the
duct material, the flow rate required, and the pressure losses along the
duct. This article explores the detailed analysis and design considerations
for transporting heated air at 1 atm and 35°C through a 150-meter long
circular plastic duct, focusing on determining the appropriate flow rate,
pressure drop, and related parameters.

Understanding the Basic Parameters of the Air
and the Duct System

Properties of the Heated Air at 1 Atmosphere and
35°C

Before analyzing the flow, it is essential to understand the thermophysical
properties of the air at the specified conditions:

* Pressure (P): 1 atm (101.325 kPa)

e Temperature (T): 35°C (308.15 K)

e Density (p): Approximately 1.145 kg/m3 at these conditions
e Dynamic viscosity (p): Around 1.85 x 10~ Pa-s

e Thermal conductivity (k): About 0.0257 W/m-K



» Specific heat capacity at constant pressure (C)): Approximately 1005
J/kg-K

Note: These properties are approximate and can vary slightly depending on the
source, but they serve as a good basis for calculations.

Characteristics of the Circular Plastic Duct

The duct is made of plastic, which generally has the following properties:

Material: Typically Polyvinyl Chloride (PVC), Polyethylene (PE), or
similar

Inner Diameter (D): To be determined based on flow requirements

Length (L): 150 meters

Roughness (g): Usually low, around 0.0015 mm for smooth plastic pipes

Thermal insulation: Not specified, but generally minimal in plastic
ducts, affecting heat loss considerations

Determining the Flow Rate and Velocity of Air

Establishing the Desired Airflow Rate

The flow rate (Q) is a critical parameter that depends on the application. It
can be specified based on ventilation needs, thermal load requirements, or
system capacity. For this analysis, we consider a typical scenario where a
certain volumetric flow rate is needed, and we aim to determine the velocity
and other parameters accordingly.

Suppose we want to find the flow rate that results in a moderate velocity,
say around 10 m/s, which is common in ventilation systems to balance flow
efficiency and noise considerations.

Calculating the Volumetric Flow Rate (Q)



Using the cross-sectional area (A) of the duct:

A = /4 x D2

Assuming a duct diameter (D), we can compute the flow rate as:

Q=AxV

Where V is the velocity of air. For instance, if D = 0.3 meters:

« A

n/4 x (0.3)2 = 0.0707 m?

*Q =0.0707 m? x 10 m/s = 0.707 m3/s

This volumetric flow rate ensures a moderate velocity of 10 m/s. The actual
diameter can be adjusted based on specific flow rate requirements.

Pressure Drop Calculation in the Duct

Understanding Friction Losses

As air moves through the duct, it experiences frictional resistance, leading
to pressure drops that need to be compensated by fans or blowers. The Darcy-
Weisbach equation is commonly used to estimate the pressure loss:

AP = f x (L/D) x (p x V2 / 2)

Where:

AP: Pressure drop (Pa)

f: Darcy friction factor (dimensionless)
e L: Length of duct (150 m)

e D: Diameter of duct

e p: Density of air (~1.145 kg/m3)

e V: Velocity of air (m/s)



Estimating the Friction Factor (f)

The friction factor depends on the flow regime (laminar or turbulent) and the
duct surface roughness.

e Laminar flow: Re < 2000, f = 64/Re

e Turbulent flow: Re > 4000, f can be estimated using the Colebrook
equation or approximations like the Swamee-Jain equation.

Calculating the Reynolds number (Re):

Re = (pxVxD)/u

Using the previous example with D = 0.3 m, V = 10 m/s:

Re = (1.145 kg/m3 x 10 m/s x 0.3 m) / 1.85x10” Pa-s = 185,400

This indicates turbulent flow, so we use the turbulent flow equations to
estimate f.

Estimating the Friction Factor for Turbulent Flow

Applying the Swamee-Jain equation:

f =0.25 / [logle( (g / (3.7 D)) + (5.74 / Re*?) ) ]2

With:
e € = 0.0015 mm = 1.5x10° m
D =0.3m

Calculations yield an approximate friction factor (f) around 0.02-0.025.

Calculating the Total Pressure Drop

Using f = 0.02, the pressure loss is:

AP = 0.02 x (150 / 0.3) x (1.145 x 102 / 2) = 0.02 x 500 x 57.25 = 572.5 Pa



Therefore, the fan or blower must overcome a pressure difference of
approximately 573 Pa to maintain the flow.

Heat Loss and Temperature Considerations

Heat Transfer in Plastic Ducts

Since plastic ducts generally have minimal insulation, heat loss from the
heated air to the surroundings can be significant, affecting the temperature
and energy efficiency of the system. The heat loss depends on:

e Thermal conductivity of the duct material
e Duct surface area

e Temperature difference between the air and environment

Estimating Heat Loss

Assuming the duct is exposed to ambient conditions at, say, 20°C, the
temperature difference is 15°C. The heat transfer rate (Q,.) can be
approximated by Fourier’'s law:

Qloss = (k x Asurface x AT) / 6

Where:

e k: Thermal conductivity of plastic (~0.2 W/m:K)
® A face: Surface area of the duct (Agface = T x D x L)

e §: Thickness of the duct wall (assumed 3 mm)

Calculations show that significant heat can be lost over 150 meters, and this
must be compensated by additional heating downstream.

Design Consider



Frequently Asked Questions

What is the significance of transporting heated air
at 1 atm and 35°C through a circular plastic duct?

Transporting heated air at these conditions is
common in HVAC systems, where maintaining
specific temperature and pressure ensures safe
and efficient airflow for heating or
ventilation purposes.

How does the length of the duct (150 meters) affect
the heat loss of the heated air?

The long length increases the surface area in
contact with the duct material, leading to
greater heat loss due to conduction and
convection, which can lower the air temperature
as it travels through the duct.

What factors influence the rate of heat transfer in
this duct system?

Factors include the duct material's thermal
conductivity, the air velocity, the temperature
difference between the air and the duct walls,
insulation quality, and the duct's diameter.



How can the heat loss be minimized in such a duct
system?

Heat loss can be minimized by insulating the
duct, using materials with low thermal
conductivity, increasing the duct's thickness,
or reducing the air velocity to decrease
convective heat transfer to the surroundings.

What calculations are necessary to determine the
temperature of the air at the outlet of the duct?

Calculations involve determining the heat
transfer rate from the air to the duct walls,
considering the duct's thermal properties and
flow conditions, then applying energy
conservation equations to find the outlet air
temperature.

Additional Resources
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Transporting heated air efficiently within duct



systems is a critical aspect of modern heating,
ventilation, and air conditioning (HVAC)
engineering. Whether for industrial processes,
commercial buildings, or residential setups,
understanding the thermodynamics and fluid
dynamics involved in such transportation
ensures optimal performance, energy efficiency,
and system longevity. In this article, we
explore the technical considerations and
calculations involved in transporting heated
air at standard atmospheric pressure and a
temperature of 35°C through a 150-meter-long
circular plastic duct.

Understanding the Basic Parameters

Before delving into the detailed analysis, it
is essential to grasp the fundamental
parameters of the problem:

Air Properties:

Pressure (P): 1 atm (101.3 kPa)

Temperature (T): 35°C (308.15 K)

Density (p): To be calculated based on ideal
gas law

- Viscosity (p): Influences flow resistance

- Specific Heat (Cp): Impacts energy transfer
considerations



- Duct Characteristics:

- Material: Plastic (assumed to be Polyvinyl
Chloride, PVC, for example)

- Diameter (D): To be selected based on flow
rate and friction considerations

Length (L): 150 meters

Shape: Circular cross-section

Flow Rate:
The volumetric flow rate (Q) or mass flow
rate (m) to be transported

Thermodynamic Properties of Air at 35°C and 1
atm

Accurate analysis begins with understanding the
thermodynamic properties of air under the given
conditions. Using standard values:

- Density (p):

The ideal gas law states:

\( \rho = \frac{P}{R \times T} \)

where R is the specific gas constant for dry
air (~287 J/kg-K).

Calculation:
\( \rho = \frac{101,300\, \text{Pa}}{287\,
\text{J/kg:-K} \times 308.15\, \text{K}} \approx



1.15\, \text{kg/m}”3 \)

- Dynamic Viscosity (p):
At 35°C, the dynamic viscosity of air is
approximately 18.5 pPa-s (micropoise).

- Specific Heat at Constant Pressure (Cp):
Approximately 1005 J/kg-K.

These properties influence flow behavior and
energy transfer.

Determining the Flow Rate and Velocity

The rate at which air is transported affects
pressure drops, energy consumption, and duct
design. Suppose the desired volumetric flow
rate is specified; for illustration, consider a
flow rate of 1 m3/s.

- Flow Velocity (v):
\( v = \frac{Q}{A} \), where A is the cross-
sectional area of the duct.

- Duct Diameter (D):
To determine D, rearranged as:
\( A = \frac{\pi D"2}{4} \)



Given Q = 1 m3/s, the velocity depends on D.
For example, if D = 0.5 m:

\( A = \frac{\pi (0.5)"2}{4} = 0.196\,
\text{m}"2 \)

Then,

\( v = \frac{1}{0.196} \approx 5.1\, \text{m/s}
\)

This velocity is within typical HVAC ranges,
balancing efficiency and noise considerations.

Pressure Drop Analysis in Circular Ducts

Transporting air over 150 meters involves
overcoming resistance due to friction and
turbulence within the duct. The key to
efficient design is calculating the pressure
drop, which impacts fan selection and energy
consumption.

Friction Losses and Darcy-Weisbach Equation

The Darcy-Weisbach equation provides a
foundation:



\[ \Delta P _f = f \times \frac{L}{D} \times
\frac{\rho v*2}{2} \]

where:

- \( \Delta P_f \) is the pressure loss due to
friction

\( f \) is the Darcy friction factor

\( L \) is the duct length

\( D \) is the duct diameter

\( \rho \) and \( v \) are the air density
and velocity

Estimating the Friction Factor (f):

For turbulent flow in smooth plastic ducts, the
Colebrook equation or approximations like the
Swamee-Jain equation are used. Assuming a
relative roughness \( \varepsilon / D \) of
0.0001:

\[ f \approx 0.02 \]

This is a typical value; precise determination
involves iterative calculations or software.

Calculating Pressure Drop:
Using the earlier parameters:

\[ \Delta P_f = 0.02 \times \frac{150}{0.5}



\times \frac{l1l.15 \times (5.1)72}{2} \]

\[ \Delta P_f = 0.02 \times 300 \times
\frac{1.15 \times 26.0}{2} \]

\[ \Delta P f

6 \times \frac{29.9}{2} \]

\[ \Delta P_f = 6 \times 14.95 \approx 89.7\,
\text{Pa} \]

Thus, the pressure loss over 150 meters at this
flow rate and duct size is approximately 90 Pa.

Energy Considerations and Fan Power

To maintain the desired flow, the fan must
overcome this pressure drop. The power required
(P) 1s given by:

\[ P = \Delta P \times Q / \eta \]

where:

- \( \eta \) is the fan efficiency (assumed
70%)

Calculating:



\[ P = \frac{89.7\, \text{Pa} \times 1\,
\text{m}"3/\text{s}}{0.7} \approx 128\,
\text{W} \]

This simplified calculation indicates the
energy required to sustain flow at this rate.
Actual systems may involve additional losses
and considerations such as duct fittings,
bends, and temperature effects.

Heat Transfer and Temperature Maintenance

Transporting heated air at 35°C raises
questions about thermal losses through the duct
material. Plastic ducts have specific thermal
conductivities, influencing heat retention.

Heat Loss Through Plastic Ducts

- Thermal Conductivity (k):
For PVC, approximately 0.19 W/m-K.

- Duct Wall Thickness (t):
Assume 2 mm (0.002 m).

- Surface Area (A_s):
For a 150 m duct of diameter 0.5 m:



\( A_s = \pi D L \approx 3.1416 \times 0.5
\times 150 \approx 235.6\, \text{m}"2 \)

- Heat Loss (Q loss):
Using Fourier'’s law:

\[ Q _{loss} = \frac{k \times A \times \Delta
TH{t} \]

where \( \Delta T \) is the temperature
difference between the air and surroundings.
Assuming an ambient temperature of 25°C:

\[ \Delta T = 10°C \]
Calculating:

\[ Q {loss} = \frac{0.19 \times 235.6 \times
10}{0.002} \approx 224,420\, \text{W} \l]

This indicates significant heat loss,

necessitating insulation and possibly
additional heating to maintain temperature.

Material Selection and System Design

Choosing the appropriate plastic material
impacts durability, thermal properties, and



cost.

- PVC:

- Good chemical resistance

- Moderate thermal conductivity
- Cost-effective

- Polyethylene (PE):
- Slightly higher flexibility
- Similar thermal properties

- Polypropylene (PP):
- Higher temperature resistance

The duct’s diameter and wall thickness are

critical in balancing flow requirements,
pressure drops, and thermal insulation.

Practical Implications and Engineering Design

Designing such a duct system involves iterative
calculations and considerations:

- Flow Rate Optimization:
Balancing velocity to minimize pressure loss

and noise.

- Pressure and Fan Selection:



Ensuring fans can generate the necessary
pressure head with energy efficiency.

- Thermal Management:

Incorporating insulation to reduce heat loss,
saving energy, and maintaining process
temperatures.

- Material Durability:
Selecting plastics resistant to environmental
factors, UV exposure, and mechanical stresses.

- Compliance and Safety:
Ensuring adherence to standards for air
quality, fire safety, and system reliability.

Conclusion

Transporting heated air through a 150-meter-
long circular plastic duct at 1 atm and 35°C
involves a complex interplay of thermodynamics,
fluid mechanics, and material science. By
accurately calculating properties like air
density and viscosity, estimating pressure
drops via the Darcy-Weisbach equation, and
considering heat transfer losses, engineers can
design efficient, reliable duct systems.



Key takeaways include:

- Proper selection of duct diameter and
material is crucial for balancing flow rate,
pressure drop, and thermal retention.

- Maintaining the desired air temperature
requires attention to heat losses and

appropriate insulation.

- Energy efficiency hinges on optimized fan
operation and minimal pressure losses.

This comprehensive understanding
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