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Understanding the correct sizing of vapor relief devices is critical in ensuring safety,
compliance, and efficient operation within chemical processing, storage tanks, and other
industrial systems. Among various types of relief devices, spring-type vapor relief valves
are widely used due to their reliability, responsiveness, and capacity to handle fluctuating
vapor pressures. Proper calculation of the diameter of these valves is essential to prevent
overpressure situations, protect personnel and equipment, and maintain regulatory
compliance.

This comprehensive guide provides an in-depth explanation of how to calculate the
diameter of a spring-type vapor relief valve under various conditions. We will explore the
fundamental principles, key parameters, step-by-step calculation procedures, and practical
considerations to optimize the sizing process for different scenarios.

---

Understanding Spring-type Vapor Relief Valves

What Are Spring-type Vapor Relief Valves?
Spring-type vapor relief valves are safety devices designed to open at a predetermined
pressure to vent excess vapor and prevent overpressure in storage tanks or process
vessels. They operate using a spring mechanism that holds the valve closed until the
internal pressure exceeds a set point, at which point the valve opens to release vapor.

Key features include:
- Reliable pressure set-point control
- Quick response to overpressure conditions
- Adjustable spring tension
- Suitable for various vapor and gas types

Importance of Proper Sizing
Incorrect sizing can lead to:
- Under-sizing: insufficient relief capacity, risking tank rupture
- Over-sizing: unnecessary costs and potential operational issues
- Non-compliance with safety standards and regulations



Proper calculation of the orifice diameter (or valve flow capacity) ensures the relief device
can handle the maximum expected vapor flow during emergency conditions.

---

Fundamental Principles in Vapor Relief Sizing

Key Parameters to Consider
To accurately size a vapor relief valve, the following parameters are crucial:

- Vapor pressure (Pvapor): The pressure inside the tank or vessel.
- Set pressure (Pset): The pressure at which the relief valve opens.
- Relief load (Q): The maximum vapor flow rate required during an overpressure scenario.
- Temperature (T): The temperature of the vapor, affecting its density and flow properties.
- Vapor properties: Specific volume, compressibility, and molecular weight.
- Safety margin: An additional factor to account for uncertainties and variations.

Flow Equations Used in Sizing
The flow capacity of relief devices is generally calculated using compressible flow
equations, often assuming choked flow conditions for gases.

Common equations include:
- The orifice flow equation for gases:

\[
Q = C_d \times A \times \sqrt{\frac{2 \times \Delta P \times \rho}{1}}
\]

where:
- Q = flow rate
- Cd = discharge coefficient
- A = orifice area
- ΔP = pressure differential across the orifice
- ρ = vapor density

- For choked flow conditions, the critical flow equations are used, which depend on the
specific properties of vapor and the pressure ratio.

---

Step-by-Step Process to Calculate the Diameter

The calculation process involves several steps, from determining the relief load to deriving



the required orifice diameter.

Step 1: Determine the Maximum Relief Load (Q)

Estimate the maximum vapor flow rate during an overpressure event based on:
- Tank size and shape
- Vapor generation rate
- Process conditions
- Safety factors

Methods to estimate Q include:
- Empirical data
- Process simulation software
- Standard guidelines (e.g., API, ASME)

Step 2: Calculate the Required Orifice Area (A)

Using the flow equation suitable for compressible gases, calculate the minimum orifice
area needed to handle the relief load.

For choked flow conditions, the typical formula is:

\[
Q = \frac{A \times P_0}{\sqrt{T}} \times \sqrt{\frac{R \times Z \times T}{M}} \times
\text{Flow coefficient}
\]

Where:
- P0 = upstream pressure (set pressure)
- T = absolute temperature
- R = universal gas constant
- Z = compressibility factor
- M = molar mass of vapor

Rearranged, the area A can be calculated as:

\[
A = \frac{Q}{\text{Flow capacity per unit area}}
\]

Step 3: Convert Area to Diameter

Once the required area is known, calculate the diameter using:

\[
D = 2 \times \sqrt{\frac{A}{\pi}}
\]

This diameter represents the minimum orifice diameter needed for the relief valve.

---



Practical Considerations in Sizing Spring-type
Vapor Relief Valves

Material Compatibility
Ensure the valve and orifice materials are compatible with the vapor's chemical properties
to prevent corrosion or degradation.

Discharge Capacity
Verify that the relief device's maximum flow capacity exceeds the calculated requirement,
including safety margins.

Spring Setting and Pressure
Select a spring that provides the correct set pressure, considering the operating pressure
and desired relief point.

Standard Sizes
Relief valves come in standard sizes. Choose the closest size that meets or exceeds the
calculated diameter.

Regulatory Compliance
Ensure the sizing adheres to standards such as API 2000, ASME Boiler & Pressure Vessel
Code, or local regulations.

---

Examples of Vapor Relief Diameter Calculations

Example 1: Storage Tank with Flammable Vapor

- Tank volume: 10,000 liters
- Maximum vapor generation rate: 50 kg/hour
- Vapor temperature: 50°C
- Vapor pressure at relief: 0.5 MPa
- Set pressure: 0.6 MPa

Step-by-step:

1. Estimate relief load Q based on vapor generation.
2. Use gas flow equations to find the required orifice area.
3. Calculate the diameter D from the area.

Result: The calculated diameter might be approximately 25 mm, but selecting a standard
size of 25 mm or 32 mm for safety is recommended.

---



Conclusion and Best Practices

Calculating the diameter of a spring-type vapor relief valve is a critical process that
safeguards equipment, personnel, and the environment. It requires a thorough
understanding of process parameters, vapor properties, and safety standards. Always
incorporate appropriate safety margins, consider material and regulatory factors, and
validate calculations with industry guidelines or software tools.

Best practices include:
- Performing detailed process analysis
- Consulting with valve manufacturers
- Regularly reviewing and updating relief sizing based on operational data
- Ensuring proper installation, maintenance, and testing

By systematically following these steps and considerations, engineers can accurately
determine the optimal diameter for spring-type vapor relief valves tailored to specific
conditions, ensuring safety and compliance in all industrial applications.

---
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Frequently Asked Questions

How do I determine the diameter of a spring-type vapor
relief valve given specific pressure and temperature
conditions?
To determine the diameter, first calculate the required flow rate based on the vapor
generation rate and relief conditions. Then, select a valve design that accommodates this
flow, using manufacturer charts or equations, and adjust the diameter to ensure the
valve's capacity matches the flow rate at the specified pressure and temperature.

What parameters are essential for calculating the
diameter of a vapor relief spring valve under different
conditions?
Key parameters include the vapor pressure at the relief temperature, the maximum
allowable relief pressure, flow rate of vapor, properties of the vapor (such as density and
viscosity), and the desired relief capacity. These inputs help determine the appropriate
valve size and spring setting.



Can I use standard formulas to calculate the diameter of
a vapor relief valve for multiple scenarios?
Yes, standard flow equations and empirical correlations provided by valve manufacturers
or industry standards (such as ASME or API) can be used. These formulas relate flow rate,
pressure differential, and valve geometry to estimate the required diameter for each
specific condition.

What considerations should I keep in mind when
calculating the diameter for a vapor relief valve
operating at high temperatures?
At high temperatures, vapor properties change, affecting flow capacity. It is important to
account for increased vapor volume, reduced fluid density, and potential material
limitations of the valve. Using temperature-specific vapor data and correction factors
ensures accurate diameter calculations.

How does the relief condition impact the calculation of
the vapor relief valve diameter?
Relief conditions, such as maximum pressure and flow rate, directly influence the required
valve capacity. Higher relief pressures or flow rates necessitate a larger diameter to
ensure safe and effective vapor release without over-pressurizing the system. Proper
analysis ensures the valve diameter is sufficient for the worst-case scenario.

Additional Resources
Introduction

Designing a vapor relief system is a critical aspect of pressure vessel safety and
environmental control, especially in industries dealing with volatile liquids, chemicals, or
flammable substances. Among various types of relief devices, spring-type vapor relief
valves are commonly employed due to their reliability, ease of maintenance, and ability to
handle a variety of operating conditions. Calculating the diameter of such a valve is
essential to ensure it can adequately vent the maximum anticipated vapor flow, preventing
overpressure situations that could lead to vessel failure or safety hazards.

This comprehensive guide aims to provide a detailed understanding of how to calculate
the diameter of a spring-type vapor relief valve under varying conditions. We will explore
the fundamental principles, relevant equations, assumptions, and practical considerations
for each case, assuming typical industry parameters and safety margins.

---

Fundamental Concepts in Vapor Relief Sizing

Before delving into specific calculations, it is crucial to understand the core principles



involved in vapor relief sizing:

- Overpressure Protection: The relief valve must vent vapor at a rate that prevents
pressure from exceeding the maximum allowable working pressure (MAWP) of the vessel.

- Flow Regime: Vapor flow can be choked (critical flow) or unchoked, affecting the
calculation method.

- Flow Equation: The design typically relies on fluid dynamics and thermodynamics, with
the flow rate governed by orifice flow equations adapted for vapor flow.

- Flow Capacity (Q): The maximum vapor flow rate (mass or volumetric) that the relief
device must handle during a relief event.

- Valve Coefficient (Cv): A measure of the valve's capacity to pass flow; directly related to
its diameter.

- Discharge Coefficient (Cd): Accounts for flow losses; generally less than 1.

---

General Approach to Calculating Valve Diameter

The calculation involves several steps:

1. Define the relief scenario: Max pressure, temperature, vapor composition, and
maximum flow rate.
2. Determine the flow rate (Q): Based on the relief conditions and thermodynamic
properties.
3. Select the flow regime: Critical (choked) or subcritical.
4. Apply appropriate flow equations: For vapor flow through an orifice or relief device.
5. Calculate the required orifice or valve area.
6. Derive the diameter from the area.

---

Case 1: Calculate The Diameter Under Critical (Choked) Flow Conditions

Understanding Critical Flow Conditions

In vapor relief sizing, critical flow (or choked flow) occurs when the velocity of the vapor
reaches the local speed of sound at the throat of the orifice. Under these conditions, the
flow rate is limited by the upstream pressure and temperature, and increasing the
downstream pressure has negligible effect. This is often the worst-case scenario for sizing
relief devices.

When is flow choked?

- When the pressure ratio \( P_{downstream} / P_{upstream} \) drops below a critical



value.
- For ideal gases, the critical pressure ratio is approximately 0.5, but actual values depend
on specific fluid properties.

Flow Equation for Critical Vapor Flow

The maximum mass flow rate \( \dot{m} \) under critical conditions for an ideal gas can be
approximated by:

\[
\dot{m} = C_d A \sqrt{\frac{2 \gamma}{R T} \left( \frac{2}{\gamma + 1}
\right)^{\frac{\gamma + 1}{\gamma - 1}} P_{up}
\]

Alternatively, a more common form used in relief sizing is:

\[
\dot{m} = C_d A P_{up} \sqrt{\frac{\gamma}{R T} } \left( \frac{2}{\gamma + 1}
\right)^{\frac{\gamma + 1}{2(\gamma - 1)}}
\]

Where:

- \( \dot{m} \): Mass flow rate (kg/s)
- \( C_d \): Discharge coefficient (~0.8 to 1.0)
- \( A \): Orifice area (m²)
- \( P_{up} \): Upstream absolute pressure (Pa)
- \( \gamma \): Ratio of specific heats (Cp/Cv)
- \( R \): Specific gas constant (J/(kg·K))
- \( T \): Absolute temperature (K)

Calculating the Area and Diameter

Rearranged to find \( A \):

\[
A = \frac{\dot{m}}{C_d P_{up}} \sqrt{\frac{R T}{\gamma}} \left( \frac{\gamma +
1}{2} \right)^{\frac{\gamma + 1}{2(\gamma - 1)}}
\]

Once the area \( A \) is known, the diameter \( d \) is:

\[
d = 2 \sqrt{\frac{A}{\pi}}
\]



Step-by-Step Calculation

1. Determine maximum vapor flow rate \( \dot{m} \): Based on process data and worst-
case scenario.
2. Identify vapor properties: \( T \), \( P_{up} \), \( \gamma \), \( R \).
3. Choose \( C_d \): Usually 0.8–1.0.
4. Calculate \( A \) using the equation above.
5. Calculate \( d \) from \( A \).

Example Calculation

Suppose:

- \( \dot{m} = 10 \, \text{kg/s} \)
- \( P_{up} = 200\, \text{kPa} \) absolute
- \( T = 350\, \text{K} \)
- \( \gamma = 1.33 \) (for methane vapor)
- \( R = 8.314\, \text{J/(mol·K)} / 16\, \text{g/mol} \approx 518.4\, \text{J/(kg·K)} \)
- \( C_d = 0.9 \)

Calculation:

\[
A = \frac{10}{0.9 \times 200,000} \times \sqrt{\frac{518.4 \times 350}{1.33}} \times
\left( \frac{1.33 + 1}{2} \right)^{\frac{1.33 + 1}{2(1.33 - 1)}}
\]

Once \( A \) is calculated, the diameter \( d \) follows.

---

Case 2: Calculate The Diameter Under Subcritical (Non-Choked) Flow Conditions

Understanding Subcritical Flow Conditions

When the pressure ratio \( P_{downstream} / P_{upstream} \) remains above the critical
threshold, the vapor flow is unchoked, and the flow rate depends on downstream
conditions as well as upstream parameters.

In such cases, the flow is governed by:

\[
\dot{m} = C_d A P_{up} \sqrt{\frac{2 \gamma}{R T (\gamma - 1)}} \left[ \left(
\frac{P_{down}}{P_{up}} \right)^{\frac{2}{\gamma}} - \left(
\frac{P_{down}}{P_{up}} \right)^{\frac{\gamma + 1}{\gamma - 1}} \right]^{1/2}
\]



Flow Equation for Subcritical Vapor Flow

Alternatively, for simplicity, the volumetric flow rate \( Q \) can be expressed as:

\[
Q = \frac{\dot{m}}{\rho}
\]

where \( \rho \) is vapor density at the relief conditions.

The flow area \( A \) can then be derived from the volumetric flow rate:

\[
A = \frac{Q}{v}
\]

where \( v \) is the vapor velocity, often limited to a maximum safe value (e.g., Mach 0.8).

Calculating the Diameter

Once \( Q \) is known, the diameter \( d \) is:

\[
d = 2 \sqrt{\frac{A}{\pi}}
\]

---

Case 3: Adjusting For Variations in Operating Conditions

Impact of Temperature and Pressure Variations

Vapor properties are highly sensitive to temperature and pressure. As such, the relief
device must be adequately sized considering:

- Maximum expected vapor temperature.
- Maximum operating pressure.
- Potential for rapid pressure increases.

Adjustments include:

- Using worst-case scenario property data.
- Incorporating safety margins (e.g., 10-20%).



Thermodynamic Calculations

- Use ideal gas law or real gas correlations to estimate vapor density \( \rho \).
- Calculate flow rates based on thermodynamic enthalpy and entropy data.
- Ensure the relief capacity exceeds the maximum vapor generation rate under abnormal
conditions.

---

Practical Considerations in Diameter Calculation

Beyond mathematical calculations, several real-world factors influence the final valve
sizing:

- Code Compliance: Standards such as API 520/521, ASME codes, and local regulations
provide sizing guidelines.
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