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Understanding the physical properties and behavior of a helium-filled spherical balloon is essential in
various scientific, industrial, and recreational applications. When dealing with a spherical balloon with a
diameter of 6 meters, filled with helium at 20°C and an initial pressure of 200 kPa, it becomes crucial to
analyze parameters such as volume, buoyant force, and the amount of helium in terms of moles or mass.
This comprehensive guide provides a detailed step-by-step approach to determine these aspects,
emphasizing the importance of thermodynamic principles, gas laws, and geometric calculations.

---

Introduction to the Problem

The problem involves calculating key parameters for a spherical helium balloon with a diameter of 6
meters, filled at a temperature of 20°C and a pressure of 200 kPa. The primary objectives include:

- Determining the volume of the balloon.
- Calculating the amount of helium (in moles and mass).
- Estimating the buoyant force acting on the balloon.
- Understanding how the physical properties influence the balloon’s behavior.

To achieve these objectives, we need to apply fundamental principles of physics and chemistry, including
the ideal gas law, volume calculations for spheres, and buoyancy principles.

---

Geometric Calculation of Balloon Volume

The first step is to compute the volume of the spherical balloon, which is essential for subsequent
calculations.



Formula for the Volume of a Sphere

The volume \( V \) of a sphere is given by:

\[
V = \frac{4}{3} \pi r^3
\]

Where:
- \( r \) is the radius of the sphere.
- \( \pi \) is Pi, approximately 3.1416.

Calculating the Radius

Given the diameter \( D = 6\, \text{m} \):

\[
r = \frac{D}{2} = \frac{6\, \text{m}}{2} = 3\, \text{m}
\]

Calculating the Volume

Plugging the radius into the volume formula:

\[
V = \frac{4}{3} \times 3.1416 \times (3\, \text{m})^3
\]
\[
V = \frac{4}{3} \times 3.1416 \times 27\, \text{m}^3
\]
\[
V \approx 1.3333 \times 3.1416 \times 27
\]
\[
V \approx 113.097\, \text{m}^3
\]

Result: The volume of the balloon is approximately 113.1 cubic meters.



---

Applying the Ideal Gas Law

The ideal gas law relates the pressure, volume, temperature, and amount of gas:

\[
PV = nRT
\]

Where:
- \( P \) = absolute pressure (Pa)
- \( V \) = volume (m³)
- \( n \) = number of moles of gas
- \( R \) = universal gas constant (\(8.314\, \text{J/mol·K}\))
- \( T \) = temperature in Kelvin (K)

Converting Units

- Pressure: The given pressure is 200 kPa. To convert to Pascals:

\[
P = 200\, \text{kPa} = 200,000\, \text{Pa}
\]

- Temperature: Convert Celsius to Kelvin:

\[
T = 20^\circ \text{C} + 273.15 = 293.15\, \text{K}
\]

---

Calculating the Moles of Helium

Rearranged ideal gas law:

\[



n = \frac{PV}{RT}
\]

Plugging in the values:

\[
n = \frac{200,000\, \text{Pa} \times 113.1\, \text{m}^3}{8.314\, \text{J/mol·K} \times 293.15\, \text{K}}
\]

Calculating numerator:

\[
200,000 \times 113.1 \approx 22,620,000
\]

Calculating denominator:

\[
8.314 \times 293.15 \approx 2,437.18
\]

Therefore:

\[
n \approx \frac{22,620,000}{2,437.18} \approx 9,280\, \text{moles}
\]

Result: The balloon contains approximately 9,280 moles of helium.

---

Calculating the Mass of Helium

The molar mass of helium:

\[
M_{He} \approx 4.00\, \text{g/mol}
\]

Total mass:

\[



\text{Mass} = n \times M_{He} = 9,280\, \text{mol} \times 4.00\, \text{g/mol} \approx 37,120\, \text{g}
\]

Convert grams to kilograms:

\[
37,120\, \text{g} \div 1000 = 37.12\, \text{kg}
\]

Result: The helium mass in the balloon is approximately 37.12 kg.

---

Buoyant Force Analysis

Understanding the buoyant force acting on the helium balloon is crucial for assessing its lift capacity and
stability.

Archimedes’ Principle

The buoyant force \( F_b \) equals the weight of the displaced air:

\[
F_b = \rho_{air} \times V \times g
\]

Where:
- \( \rho_{air} \) = density of air at given conditions
- \( g \) = acceleration due to gravity (\(9.81\, \text{m/s}^2\))
- \( V \) = volume of the balloon

Calculating the Density of Air

Standard air density at 20°C and atmospheric pressure (~101.3 kPa):

\[
\rho_{air} \approx 1.204\, \text{kg/m}^3
\]



However, since the pressure inside the balloon is 200 kPa, and the temperature is 20°C, the external air
density remains approximately the same for approximation purposes.

Calculating the Buoyant Force

\[
F_b = 1.204\, \text{kg/m}^3 \times 113.1\, \text{m}^3 \times 9.81\, \text{m/s}^2
\]

\[
F_b \approx 1.204 \times 113.1 \times 9.81 \approx 1,333\, \text{N}
\]

Result: The buoyant force is approximately 1,333 Newtons.

---

Net Lift Calculation

The net lift provided by the helium is:

\[
\text{Lift} = F_b - \text{Weight of helium}
\]

Weight of helium:

\[
W_{helium} = n \times M_{He} \times g = 37.12\, \text{kg} \times 9.81\, \text{m/s}^2 \approx 364\,
\text{N}
\]

Net lift:

\[
\text{Lift} = 1,333\, \text{N} - 364\, \text{N} \approx 969\, \text{N}
\]

Interpretation: The balloon can lift approximately 969 Newtons, which is roughly equivalent to supporting
a mass of:



\[
\frac{969\, \text{N}}{9.81\, \text{m/s}^2} \approx 98.7\, \text{kg}
\]

This indicates the balloon can lift nearly 98.7 kg of additional payload.

---

Additional Considerations

While the calculations above provide a fundamental understanding, several other factors can influence the
real-world behavior of the helium balloon:

- Temperature Variations: Changes in temperature affect the gas volume and density.
- Pressure Differences: Internal and external pressure disparities can cause expansion or contraction.
- Material Constraints: The balloon’s material limits its maximum stretch and pressure.
- Helium Leakage: Over time, helium may escape, reducing buoyancy.
- Altitude Effects: Air density decreases with altitude, impacting buoyant force.

---

Summary of Key Results

| Parameter | Value |
| --- | --- |
| Volume of the balloon | approximately 113.1 m³ |
| Moles of helium | approximately 9,280 mol |
| Helium mass | approximately 37.12 kg |
| Buoyant force | approximately 1,333 N |
| Net lift (payload capacity) | approximately 98.7 kg |

---

Conclusion

Analyzing a spherical helium balloon with a diameter of 6 meters involves multiple interconnected
calculations rooted in geometric and thermodynamic principles. Using the ideal gas law, the balloon



contains approximately 9,280 moles of helium, weighing about 37.12 kg, with a volume of roughly 113

Frequently Asked Questions

What is the volume of a spherical helium balloon with a diameter of 6
meters?
The volume V of the sphere is given by V = (4/3)πr³. With a diameter of 6 m, the radius r = 3 m. So, V =
(4/3) × π × 3³ ≈ 113.1 cubic meters.

How do you calculate the amount of helium in moles inside the balloon at
20°C and 200 kPa?
Using the ideal gas law PV = nRT, where P = 200 kPa, V ≈ 113.1 m³, R = 8.314 J/(mol·K), and T = 20°C
(293 K). Rearranged as n = PV / RT, so n ≈ (200,000 Pa × 113.1 m³) / (8.314 J/(mol·K) × 293 K) ≈ 9,278 mol.

What is the approximate mass of helium in the balloon?
Using the molar mass of helium (~4 g/mol), the mass m = n × molar mass ≈ 9,278 mol × 4 g/mol ≈ 37,112
grams or about 37.1 kg.

How does temperature affect the volume of the helium balloon at
constant pressure?
According to Charles's Law, at constant pressure, the volume of a gas is directly proportional to its
temperature in Kelvin. Therefore, increasing temperature increases the volume, and vice versa.

What factors could cause the actual volume of the helium balloon to differ
from the theoretical calculations?
Factors include non-ideal gas behavior at high pressures, temperature variations, slight leaks in the balloon,
material elasticity and stretch limits, and environmental conditions such as altitude and humidity.

Additional Resources
A Spherical Balloon With A Diameter of 6 M Filled With Helium At 20°C And 200 kPa: An Investigative
Analysis

---



Introduction

In the realm of aerostatics and buoyancy engineering, understanding the physical parameters of helium-
filled spherical balloons is essential for applications ranging from scientific research to recreational activities.
This article delves deeply into the properties and behaviors of a spherical balloon with a diameter of 6
meters, filled with helium at 20°C and a pressure of 200 kPa. Our objective is to determine the balloon's
volume, mass, buoyant force, and other relevant parameters through rigorous scientific analysis, providing
a comprehensive understanding suitable for review by scientific journals and technical assessments.

---

Background and Significance

Helium-filled balloons have long served as tools for atmospheric studies, weather monitoring, and
entertainment. The physics governing their behavior hinges on principles of gas laws, buoyancy, and
material science. A precise analysis of a spherical balloon's parameters provides insights into its lift capacity,
structural integrity, and operational limits.

The diameter of 6 meters (roughly 19.7 feet) makes this balloon sizable enough for substantial payloads yet
manageable within safety and design constraints. The specified conditions—20°C and 200 kPa—are typical of
controlled environments but require thorough examination to understand how they influence the balloon's
behavior in real-world scenarios.

---

Fundamental Assumptions and Parameters

To proceed with the analysis, certain assumptions are necessary:

- The helium behaves as an ideal gas under the given conditions.
- The balloon's material is flexible enough to maintain a spherical shape without significant deformation
under internal pressure.
- External atmospheric conditions are considered at standard sea level unless otherwise specified.
- The pressure of 200 kPa is the gauge pressure; thus, the absolute pressure must be calculated considering
atmospheric pressure.

Key parameters:

- Diameter of the balloon, D = 6 m
- Radius, r = D/2 = 3 m
- Temperature, T = 20°C = 293.15 K
- Gauge pressure, P_gauge = 200 kPa
- Atmospheric pressure, P_atm ≈ 101.3 kPa (standard sea level)



- Absolute pressure, P_abs = P_gauge + P_atm = 200 kPa + 101.3 kPa = 301.3 kPa
- Gas constant for helium, R_He = 2077 J/(kg·K)

---

Calculating the Volume of the Balloon

The volume of a sphere is given by:

V = (4/3)πr³

Substituting r = 3 m:

V = (4/3) × π × (3)³ ≈ (4/3) × π × 27 ≈ 113.1 m³

Result: The balloon's volume is approximately 113.1 cubic meters.

---

Determining the Mass of Helium Inside the Balloon

Using the ideal gas law:

PV = m R_specific T

Where:

- P = absolute pressure (Pa)
- V = volume (m³)
- m = mass (kg)
- R_specific = specific gas constant for helium (J/(kg·K))
- T = temperature (K)

The specific gas constant R_specific is derived from the universal gas constant R = 8,314 J/(mol·K) divided
by molar mass of helium (4.0026 g/mol):

R_specific = R / M_He ≈ 8,314 / 4.0026 × 10^-3 ≈ 2077 J/(kg·K)

Rearranged for mass:

m = PV / (R_specific T)

Calculating:



P = 301,300 Pa

V = 113.1 m³

T = 293.15 K

m = (301,300 × 113.1) / (2077 × 293.15) ≈ (34,084,230) / (608,411) ≈ 55.99 kg

Result: The helium mass inside the balloon is approximately 56 kg.

---

Buoyant Force and Lift Capacity

The buoyant force (F_b) exerted on the balloon is equal to the weight of the displaced air:

F_b = ρ_air × V × g

Where:

- ρ_air = density of air at given conditions
- g = acceleration due to gravity ≈ 9.81 m/s²

Calculating Air Density

Using the ideal gas law:

ρ_air = P_air / (R_specific_air × T)

For dry air, R_specific_air ≈ 287 J/(kg·K)

Assuming external atmospheric pressure P_air ≈ 101,300 Pa:

ρ_air = 101,300 / (287 × 293.15) ≈ 101,300 / 84,184 ≈ 1.203 kg/m³

Buoyant Force Calculation

F_b = 1.203 kg/m³ × 113.1 m³ × 9.81 m/s² ≈ 1,333.4 N

The buoyant force is approximately 1,333.4 newtons.

---



Net Lift and Payload Capacity

The net lift capacity determines how much additional weight the balloon can carry:

Lift = F_b – (Weight of helium + weight of balloon material + payload)

Assuming the weight of the helium is:

W_helium = m × g ≈ 56 kg × 9.81 ≈ 549.4 N

Given the balloon's material weight is typically small relative to helium and payload, but for completeness,
assume a thin, lightweight fabric with a mass of about 10 kg:

W_material ≈ 10 kg × 9.81 ≈ 98.1 N

Total weight of the balloon structure:

W_total ≈ 549.4 N + 98.1 N ≈ 647.5 N

Hence, the net lift:

Net lift = 1,333.4 N – 647.5 N ≈ 685.9 N

This indicates the balloon can lift approximately 69.8 kg (since 1 kg ≈ 9.81 N) including payload and any
additional equipment.

---

External Factors and Safety Margins

While calculations suggest a substantial lifting capacity, real-world factors may reduce performance:

- Variations in atmospheric pressure and temperature
- Material elasticity and deformation under internal pressure
- Gas leakage over time
- External wind forces
- Structural safety margins (commonly 20–30%)

Design safety margins recommend limiting the payload to about 60–70% of calculated maximum to ensure
operational safety.

---



Structural and Material Considerations

Material Selection

The balloon's material must withstand:

- Internal pressure at 200 kPa gauge
- External environmental stresses
- UV exposure
- Mechanical wear

Common materials include nylon, polyester, or polyethylene with specialized coatings.

Thickness Calculations

Material thickness should be designed considering:

- Internal pressure differential
- Material tensile strength
- Safety factors

For example, for a thin film:

t = (P × r) / σ_t

Where:

- P = internal gauge pressure = 200 kPa
- r = 3 m
- σ_t = tensile strength of material (e.g., 300 MPa for nylon)

t = (200,000 Pa × 3 m) / 300,000,000 Pa ≈ 0.002 m or 2 mm

This simplified estimate guides material thickness design.

---

Practical Implications and Applications

The calculated parameters suggest that a spherical helium balloon of this size could be used for:

- Scientific atmospheric measurements at moderate altitudes
- Advertising and promotional displays



- Payload delivery in remote or inaccessible areas
- Experimental research involving buoyancy and aerostatics

However, operational safety, environmental conditions, and design constraints must be thoroughly
addressed before deployment.

---

Conclusion

This investigative analysis confirms that a spherical helium balloon with a diameter of 6 meters, filled at
20°C and 200 kPa gauge pressure, possesses a volume of approximately 113.1 m³, contains about 56 kg of
helium, and can generate a buoyant force of roughly 1,333 N. Its net lift capacity, accounting for material
weight, allows for payloads of approximately 69.8 kg under ideal conditions, with practical considerations
necessitating conservative safety margins.

Understanding these parameters is fundamental for designing, deploying, and operating helium balloons in
various scientific and industrial contexts. Future studies should incorporate real-world environmental
variability, material durability, and dynamic forces to refine these estimates further.

---
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Note: This analysis provides a theoretical framework based on ideal conditions. Actual performance may
vary due to environmental factors and material properties.

A Sperical Ballon With A Diameter Of 6 M Filled With Helium
At 20 Degree Centigrade And 200kpa Determine

A Sperical Ballon With A Diameter Of 6 M Filled With Helium At 20 Degree Centigrade And 200kpa
Determine

https://sip.evo9x.com/ma33/a-sperical-ballon-with-a-diameter-of-6-m-filled-with-helium-at-20-degree-centigrade-and-200kpa-determine.pdf
https://sip.evo9x.com/ma33/a-sperical-ballon-with-a-diameter-of-6-m-filled-with-helium-at-20-degree-centigrade-and-200kpa-determine.pdf


Related Articles
Will Mark Brainlist 40 PointsThe Treaty Of Paris Ended The French And Indian War. What Was
Part Of That
What Would Be The Tencel Proof Force In Newtons In A Machine Screw Having A Major
Diameter Of 4 Mm With
A Small Manufacturing Company Makes $125 On Each Stereo Sound Bar Produces, And $100
Profit On Each Flat

Back to Home

https://sip.evo9x.com/ma33/will-mark-brainlist-40-pointsthe-treaty-of-paris-ended-the-french-and-indian-war-what-was-part-of-that.pdf
https://sip.evo9x.com/ma33/will-mark-brainlist-40-pointsthe-treaty-of-paris-ended-the-french-and-indian-war-what-was-part-of-that.pdf
https://sip.evo9x.com/ma33/what-would-be-the-tencel-proof-force-in-newtons-in-a-machine-screw-having-a-major-diameter-of-4-mm-with.pdf
https://sip.evo9x.com/ma33/what-would-be-the-tencel-proof-force-in-newtons-in-a-machine-screw-having-a-major-diameter-of-4-mm-with.pdf
https://sip.evo9x.com/ma33/a-small-manufacturing-company-makes-125-on-each-stereo-sound-bar-produces-and-100-profit-on-each-flat.pdf
https://sip.evo9x.com/ma33/a-small-manufacturing-company-makes-125-on-each-stereo-sound-bar-produces-and-100-profit-on-each-flat.pdf
https://sip.evo9x.com

