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1 Abstract

This thesis deals with the comparison of various commercial software tools with the
task to evaluate their suitability for TUV SUD to replace the state-of-the-art emergency
relief system sizing procedure. As proper relief system sizing is of great importance
regarding safety, TUV SUD is interested in an improvement of this procedure with the
help of specialized software. After an introduction and a theoretical background, the
thesis presents requirements for the different software tools. Afterwards, every
software is introduced and revised regarding the fulfillment of the requirements. After
revision of the requirements, standard emergency relief systems design scenarios are
applied to each software (both steady state and dynamic) and compared to the current
calculation technigue. The software tools evaluated in this thesis are SuperChems,
FlowNex, ChemCad SafetyNet and ProSar. If applicable, dynamic simulations are
applied and the results are presented and discussed. To provide a better
understanding on how the software works, detailed exampled are worked out in the
appendix in addition to the standard design scenarios in previous chapters. The thesis
closes with a discussion about every software and an outlook.

2 Introduction

Past as well as recent accidents in the chemical industry, like the Bhopal incident in
India in 1984, have shown the importance of reliable protection systems against all
kinds of process deviations. But accidents did not only happen in the past, where safety
was not number one priority. Incidents can always happen, even if the knowledge
about past incidents is considered. Incidents like the fertilizer explosion at West in
Texas with twelve fatalities in 2016 show, that process deviations are not a myth of the
past but a present danger (Chemical Safety Board, 2021). This has shown the
importance of understanding what exactly is happening during processes. Numerous
books and reports are focused on the explanations of accidents with the aim to avoid
them in the future. (Mannan, 2012).

In the chemical process industry advanced care must be taken when handling
overpressure in chemical reactors for exothermic reactions. Loss of control of the
reaction can lead to a rapid pressure increase. The consequences of a pressure
increase can be reduced by a properly sized emergency relief system (ERS). However,
there is a wide range of examples where emergency relief systems have malfunctioned
highlighting the necessity of proper ERS sizing.

But not only the safety valve itself must function properly — also the effluent treatment
systems processing the released (possibly toxic) materials. In the case of the chemical
accident at Hochst in Griesheim, an increase of pressure occurred in a reactor due to
human error and a safety valve opened correctly, releasing toxic effluent into the
atmosphere. Since no effluent treatment was present, all the toxic material was
released without further processing. Investigations later showed, that the carcinogenic
chemical nitroanisole was released directly into the atmosphere leading to significant
human and environmental damages. (Frankfurter Allgemeine Zeitung, 2021)

Nowadays, ERS sizing is done applying certain simplifications to the system, for
instance static conditions in the safety valve during pressure relief. Applying those
simplifications can lead to valve oversizing, possibly causing chattering or hammering

1
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of the safety valve. After a theoretical background on hazard identification, emergency
relief systems and its design, this thesis will present different software for improved
emergency relief system sizing under dynamic conditions, meaning that actual
conditions during relief through a safety device and the relief piping path are
considered. Solving pre-defined tasks, the software is being evaluated for its suitability
for TUV SUD Process Safety. Basis for the evaluation will be a user requirement
specification list. Due to the more complex nature of safety valves, this thesis will
concentrate on valve sizing.

2.1 TUV SUD Process Safety

The process safety department of TUV SUD provides impartial and reliable safety
concepts and services for a variety of industries including machine safety, risk analysis,
guantitative risk assessment, explosion prevention and protection (ATEX, explosion
modelling, electrostatic charging modelling), incident investigation, thermal process
safety and pressure relief system design. TUV SUD uses state-of-the-art techniques,
taking applicable laws and regulations into account. Furthermore, TUV SUD
cooperates with other research sites and international associations to ensure best
quality.

TUV SUD Process Safety sizes and rates pressure relief devices using international
regulations as mentioned in Section 3.2.1. To do so TUV SUD uses a highly
sophisticated excel tool taking all requirements developed in this thesis into account.
These regulations enable TUV SUD to do hand-calculations of the desired processes.
Underlying certain simplifications, these calculations are always conservative. The
software evaluated in this thesis shall improve the calculation techniques used
nowadays and avoid oversizing of emergency relief devices and simplify the complex
calculations of pressure drop in emergency relief lines.

2.2 Risk assessment

An important role in the life cycle of any industrial process are risk assessments. To
acknowledge and address all possible risks and dangers, proper risk assessment is of
high importance to avoid incidents but also to provide enough safety measures, if
incidents occur. Different levels and types of risk assessments are performed and
updated throughout the life cycle. All risk assessments aim at identifying hazards. The
main terminology of risk assessment is being defined in this section.

2.2.1 Hazard

Hazard is a situation that has the potential to cause harm to human, environment, and
property. (Jones, 2003)

Considering the chemical industry, hazard results from either the properties of
processed substances, reactions and the resulting energy release or deviations such
as technical failures and human error during operation or process design phase.
External causes like fire can also cause uncontrolled situations. Also, hazardous
situations can result from failure of identifying specific hazards or insufficient
countermeasures during the risk assessment or process changes. (Stoessel, 2020)
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2.2.2 Risk

An often-used definition of risk is severity times probability. In this case, “times” should
not be seen as the mathematical product but more as a linked coherence of the two
expressions. (Jones, 2003)

The risk is linked to a pre-defined scenario that needs to be described with a specific
accuracy for evaluation in terms of severity and probability. Severity stands for the
impact of a possible event to human, environment, or property but also other social
properties like company image. Probability stands for the frequency of occurrence of a
scenario. (Stoessel, 2020)

2.2.3 Safety

Safety describes the absence of any hazard. Absolute safety is impossible to achieve,
since there is a chance that all safety elements fail at the same time. (Stoessel, 2020)

2.3 Risk analysis

The major steps for analyzing risk are hazard identification, risk evaluation and the
definition of risk-reducing measures.

One important preliminary step is the collection of safety data as well as the definition
of safe conditions and the identification of process deviations and their consequences.
After these preliminary implementation steps, risk-reducing measures must be taken if
the risk is not acceptable. As mentioned in section 2.2.3, complete safety cannot be
achieved. Therefore, there will always be a residual risk occurring from either
consciously accepted risk, misjudged risk, or unidentified risk. All these risks need to
be reduced to an accepted level and processes must keep these hazards under
control. (Stoessel, 2020)

3 Theoretical background

This chapter gives the theoretical background on hazard identification, pressure relief
systems and emergency relief system design and introduces the most commonly
known standards.

3.1 Hazard identification techniques and risk assessment tools

Hazard identification techniques have been developed to systematically address and
analyze hazards. This section introduces common techniques and studies regarding
the assessment of risk and hazard.

3.1.1 Failure mode and effects analysis (FMEA)

Within the FMEA analysis the executing team reviews systems with the intention to
discover the mode of failure which may occur and their specific effects. The FMEA
technique is more related to equipment rather than process parameters. (Mannann,
2012, p. 254)

3.1.2 Hazard and operability study (HAZOP)

The HAZOP study comes to terms once the complete piping and instrument diagram

(P&ID) of the plant is available and is the most used hazard identification technique.

Its intention is to discover potential process hazards and operability problems using
3
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certain guidewords (No/Not, More, Less, As well as Part of, Reverse, Other than).
These Guidewords are systematically applied to every part of the process to discover
what kind of deviations from the original design intent might occur, the causes of these
deviations and to evaluate their consequences considering hazards and operability
problems. The overall design is examined including material, activities, and equipment.
(Mannann, 2012, p. 236)

3.1.3 Layers of protection analysis (LOPA)

The LOPA is one of the most popular semi-quantitative technique for the assessment
of process risks. Strictly speaking, LOPA is a risk assessment tool but not a hazard
identification technique. It is being applies after all hazards are identified. provides an
objective, risk-based approach to identify and specify protection layers which are used
to mitigate and prevent process risks (see section 2.2.2). (Mannan, 2012, p. 2422)

\/ ATTV
SAGEGUARDS

PHYSICAL PROTECTION (DIKES)

PREVEN | PHYSICAL PROTECTION (RELIEF DEVICES)

SAFEGUARDS AUTOMATIC ACTION SiS OR ESD

CRITICAL ALARMS, OPERATOR SUPERVISION,
AND MANUAL INTERVENTION

BASIC CONTROLS, PROCESS ALARMS,
AND OPERATOR SUPERVISION

Figure 1: Layers of protection (Willey, 2014)

As Figure 1 shows, the first and most important step to be in control of hazards is the
process design (inherently safe process) followed by process control and alarm
systems. These steps form the basic protection layers. On top of that, preventive
safeguards are installed including critical alarms and automatic action from safety
systems but also the first physical protection in form of pressure relief devices. As the
change in color in Figure 1 implies, the following safety layers are mitigative measures,
reducing the consequences of process incidents. These last measures include
emergency response systems for the surroundings of the plant.
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3.2 Emergency relief systems

As previously mentioned, emergency relief systems play an important role to control
unwanted pressure increases during chemical processes. Therefore, there are
regulations and norms concerning pressure relief from different countries (laws,
regulations) and institutions (norms) all over the world. There are two different systems
for pressure relief — bursting discs and safety valves — in various design executions.
Emergency relief systems also include the emergency vent line and the effluent
treatment system. Emergency relief systems are the last defense against overpressure
and eventually explosions of chemical reactors. (Center for Chemical Process Safety
of the American Institute of Chemical Engineers, 2017)

3.2.1 Regulations for pressure relief equipment

There are certain international regulations to ensure a standardized procedure in
manufacturing and handling of pressurized process equipment. In this section the main
standards relating to pressure relief devices are briefly introduced.

3.2.1.1 Druckgeréaterichtlinie (pressure equipment directive)

The german pressure equipment directive was created to regulate all pressure devices
with a working pressure of pwork > 0.5 bar. The sub-directive “Merkblatt AD-2000"
specifies main safety requirements which are listed in the “Druckgeraterichtlinie”
(pressure  equipment directive). As a European counterpart to the
“Druckgeraterichtline”, the EN 13445 standard was created. It also ensures compliance
with safety requirements listed in the pressure equipment directive. (TUV SUD , 2021)

3.2.1.2 API-STD 520 P1 (American Petroleum Institute)

The API-STD 520 P1 norm recommends practices on the sizing and selection for
pressure relief devices used in refineries. More specifically, the practice intends to
protect unfired pressure vessels and related equipment with a maximum allowable
working pressure of 15 psig (= 1.034 bar) against overpressure from operating and fire
eventualities. (American Petroleum Institute, 2000)

3.2.1.3 CGA S-1.1 (Compressed Gas Association)

The CGA S-1.1 pressure relief device standards part 1 — cylinders for compressed
gases introduces different types of pressure relief devices, gives application as well as
design and construction requirements for the introduced devices and their
combinations. Furthermore, another section deals with device testing and maintenance
requirements of pressure relief devices. (Compressed Gas Association, 2005)

3.2.1.4 ASME VIl (American Society of Mechanical Engineers)

The ASME VIII regulation code provides requirements applicable to the design,
fabrication, inspection, testing, and certification of fired or unfired pressure vessels
operating at either internal or external pressures exceeding 15 psig (=1.034 bar).
Furthermore, the code includes methods for welding, forging and mandatory and non-
mandatory appendices detailing design criteria, non-destructive examination, and
inspection standards. (The American Society of Mechanical Engineers, 2017)
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3.2.1.5 ISO 4126-10

The 1SO 4126-10 is a standard (norm) about safety devices for protection against
excessive pressure — part 10: sizing of safety valves and connected inlet and outlet
lines for gas/liquid two-phase flow. It specifies the sizing of safety valves for reactors,
columns, and piping system based on the omega method, which is extended by a
thermodynamic non-equilibrium parameter. Other sizing methods available are
referring to ISO 4126. (DIN Deutsches Institut fir Normung e.V., 2019)

3.2.2 Bursting disc

A bursting disc is a thin foil made of (stainless) steel or graphite. It is an intentional
weak point of the system which breaks below or at the design pressure of an
equipment. After the irreversible bursting of the disc, the discharge area is available
for pressure relief immediately. After bursting, pressure inside equalizes with the
downstream (mostly ambient) pressure. Figure 2 shows a bursting disc with its
respective disc holders. A bursting disc can work for overpressure as well as vacuum
application. The relief conditions need to be calculated carefully to avoid under-sizing.
The opening pressure is temperature dependent and can be affected by cycling
pressures. Bursting disc are being used widely in the industry to protect equipment
against overpressure in the process and vessel explosion.

'} airoction o 1%
a

Figure 2: 3-D drawing of a bursting (rupture) disc with the respective disc holder (LESER GmbH & Co. KG, 2009,
p. 11)

3.2.3 Safety valves

Other than bursting discs, safety valves are more complex in their build-up and
function. A safety valve opens at the set pressure. Most of the time it is a spring-loaded
device which is fully opened at 110% of the set pressure and can reseat. Safety valves
can have different opening layouts like “normal opening”, “full stroke”, and
“proportional” and have different additional design functions like “balanced” safety
valves that can handle larger backpressures. Figure 3 shows pressure zones of a
conventional and a balanced safety valve as manufactured by LESER. Figure 4 shows
the technical build-up of safety valves. (LESER GmbH & Co. KG, 2018)
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Figure 3: Pressure zones conventional (left) and balanced (right) safety valve (LESER GmbH & Co. KG, 2018, pp.
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Figure 4: Typical design of conventional (left) and balanced (right) safety valve (LESER GmbH & Co. KG, 2018, pp.
2.5-1-25-2)

The advantage of safety valves is their ability to close after pressure relief, not
unloading the full content of the equipment. The unsafe process condition can be
returned to safe condition. On the downside, the safety valve might not be tight after
reseating, resulting in leakages, which could be problematic (toxicity). If the problem
for the pressure increase is not solved, the system will stay close until the set pressure
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is reached again. This can lead to a frequent opening and closing of the valve. If this
frequency is at resonance frequency of the valve, the safety valve can chatter.

Another potential disadvantage of safety valve is the opening curve meaning that the
relief area is a function of time, and the full orifice is not available immediately.
Furthermore, safety valves are usually large in size and weight. If a safety valve is
contaminated with certain chemicals or abrasive materials, loss of sealing can be the
consequence.

3.2.4 Combination of bursting disk and safety valve

Bursting disks (section 3.2.2) and safety valves (section 3.2.3) are often installed in
combination as Figure 5 shows. This combination is used to protect the safety valve
against splashes. In this combination case, the set pressures of both the disc and the
safety valve are equal or at least very close to each other. A combination can also be
installed in parallel with the set pressure of the safety valve being lower than the one
for the bursting disc. The safety valve protects the vessel against minor relief scenarios
like volume displacement. If design scenarios with a higher discharge occur, the
bursting disc protects the equipment. Sometimes also two safety valves are placed in
parallel to increase the capacity, increase the reliability and be able to do maintenance
work during a running process.

o Safety valve
© Bursting disc holder
© Bursting disc

o Space monitoring device
and pressure gauge

Figure 5: Combination of bursting disc and safety valve (LESER GmbH & Co. KG, 2009, p. 6)
8
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3.2.5 Effluent treatment

Depending on the process, the mass relieved during an overpressure scenario can
contain toxic, flammable and/or reactive chemicals or mixtures. A relief of this mass
directly into atmosphere can therefore be extremely dangerous. Toxic, flammable or
reactive mass must be treated before releasing into atmosphere. This can be done in
various ways, depending on the relief mass (vapor/gas, liquid, two-phase), the process
and the plant itself. For effluent treatment design all mass flows of both phases must
be determined beforehand. Possible treatments are total containment, passive
condensing, gravity separation, a cyclone, or a quench tank. As stated in the
introduction, incidents like the accident at Icmesa in Seveso in 1976 or the accident at
Hochst in Griesheim in 1993 show the importance of proper effluent treatment.
(Stoessel, 2020)

3.3 Input data requirements

Considering emergency relief systems sizing, a major part of risk assessment is the
proper acquisition of chemical and physical data. The following chapters give an
overview of required physical, chemical and plant specific data for ERS sizing.

In this section, tables listing the required input data for ERS sizing calculations are
given. Often, not all the listed data is available for sizing and some values need to be
calculated or estimated.

3.3.1 Description of the process installation

Process description data is essential for emergency relief system sizing. All the
equipment involved and its physical position as well as its size and volume must be
known. Furthermore, the purpose of the plant and the materials and chemicals involved
are essential for sizing calculations. For more detailed information regarding the plant,
a plant P&ID is of great help.

3.3.2 Detailed equipment specifications

The following section gives an overview on the required equipment information needed
for ERS sizing. The vessel / reactor is the main equipment to be protected against
overpressure. A pressure relief valve is usually located directly on top of the vessel or
is connected via small piping paths.
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3.3.2.1 Vessel information
Table 1 lists the required information regarding the vessel / reactor.

Table 1: required vessel information

Parameter Unit

Diameter [m]
Height [m]
Maximum working volume [m°]
Heat exchange area (heating only) [m?]
Heat transfer coefficient (heating only) [W/m?*K]
Maximum allowed working pressure [bar]
Maximum allowed working o
temperature [*Cl
Design pressure [bar]
design temperature [°C]

3.3.2.2 Emergency relief system information

In addition to the manufacturer information like type, article number, and the relief
systems identification in the PID, more information is needed as listed in Table 2.

Table 2: required safety device information

Parameter Unit

Set pressure [bar]
Set temperature [°C]
Maximum accumulated pressure [bar]
Nominal diameter [m]
Flow area / discharge area [m?]
Discharge coefficients (safety valves) [-]

3.3.2.3 Relief piping geometry

For proper calculation of pressure losses in the relief piping system, the relief line
geometry must be known. Required information is the piping material and nominal pipe
diameter. Furthermore, the total number of bends, tees, and elbows as well as the total
pipe system elevation is required for the calculation of the systems piping friction
losses. Pressure drops directly affect the capacity of bursting discs and are therefore
an input data. For safety valves, pressure drops are used to determine whether the
valve is stable during the relief.

10
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3.3.3 Physical and chemical properties

A variety of physical properties of the chemicals used must be known for ERS sizing.
3.3.3.1 Liquid phase

Table 3 lists the required physical and chemical properties for the liquid phase.

Table 3: required physical properties (liquid phase)

Parameter Unit

Molar weight [g/mol]
molar or mass fraction [-]
Boiling point [°C]
Specific heat capacity [J/kg*K]
Surface tension at relief conditions [N/m]
Density at relief conditions [kg/m3]
Volume expansion coefficient [-]

3.3.3.2 Vapor phase
For the vapor phase, the information listed in Table 4 is required.

Table 4: required physical properties (vapor phase)

Parameter Unit

Vapor pressure as a function of temperature [bar]
tLear;epnefrgi?rta of vaporization at relief [kJ/mol]
Isentropic coefficient [-]
Real gas compressibility [-]
Density of vapor (calculated) [kg/m?]

3.3.3.3 Gas phase
If a gas is present, the information of Table 5 is required.

Table 5: required physical properties (gas phase)

Parameter Unit

Gas composition [-]
Molar mass [g/mol]
Maximum gas flow rate [kg/s]
Isentropic coefficient [-]
Pressure increase rate [bar/s]

If a reaction is happening, the heat release rate and the gas release rate under relief
conditions must be known.

11
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3.3.4 Relief conditions
Finally, the relief conditions must be known as listed in Table 6.

Table 6: relief conditions

Parameter Unit

Set pressure [bar]
Set temperature [°C]
Mass flow to be discharged [kag/s]
Mass in the system [kg]
Back pressure [bar]
Thermal power at relief

temperatﬁ re [Wikg]
Maximum accumulated pressure [bar]
Expected flow regime [-]

The mass flow to be discharged and the thermal power at relief conditions are
calculated in the relief scenario calculations. The maximum accumulated pressure is
usually 110% of the design pressure.

3.4 Design scenarios

Prior to all emergency relief sizing calculations, the process conditions of a proposed
emergency event need to be defined. At this stage, the most severe venting conditions
need to be determined in terms of hazards and consequences (worst-case scenario).
Listings of overpressure sources are available in open literature and several standards.
These design scenarios include but are not limited to the external fire case, incorrect
valve operation, blocked outlets, loss of utility, cooling, and instrument failure.
(Stoessel, 2020)

To quantify a scenario the knowledge of either the thermal power input or a volume
flow rate is required, depending on the scenario. (Center for Chemical Process Safety
of the American Institute of Chemical Engineers, 2017) The most common design
scenarios used by TUV SUD are explained below.

3.4.1 External fire case

The external fire case represents one of the standard design scenarios in pressure
relief device sizing. In this design scenario, an external fire occurs and heats up the
vessel and its content resulting in a temperature and pressure increase. The system
therefore needs protection against overpressure. Depending on the chemicals inside
the vessel and the vessel properties (insulation, geometry) and the reactiveness of
firefighting, the pressure relief device needs to be sized in regard to the API 520/1ISO
4126-10. (Stoessel, 2020)

3.4.2 Maximum heating

The maximum heating case describes the failure of the temperature control system of
a heated vessel. If a volatile compound is present the temperature and pressure will
increase. (Stoessel, 2020)

12
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3.4.3 Volume displacement — closed outlets

Volume displacement describes a physical design scenario where a fluid is fed into a
closed vessel. This design scenario can occur if the vent is not opened properly before
the feeding process starts. In this case, the maximum feed rate into the vessel must
be known for calculation of the pressure drop in the system. (Stoessel, 2020)

3.4.4 Loss of cooling — abnormal heat input

In the design scenario of an exothermal batch reaction, the products are fed into the
reactor and heated until the desired reaction temperature is reached. This temperature
shall remain at the desired level. This is also true for semi-batch and continuous
reactors. If a cooling failure occurs, the chemical reaction will lead to a temperature
and pressure increase. To avoid an explosion of the reactor must be equipped with a
properly sized pressure relief device. (Stoessel, 2020)

3.4.5 Thermal expansion of a liquid

Liguid thermal expansion can occur, if a heat exchanger is blocked or if liquid is present
in a pipe below ambient temperature or if blocked liquid in a pipe is heated (e.qg.,
heating through sunlight). The cold liquid will heat up and eventually cause a
temperature and pressure increase. The system must be protected against
overpressure. (Stoessel, 2020)

3.5 State-of-the-art emergency relief system design

Emergency relief system sizing starts with the design case identification using hazard
identification techniques as explained in section 3.1. The causes for pressure increase
must be assessed properly.

3.5.1 Quantifying relief scenario

After the assessment of pressure increase causes, worst case scenarios need to be
determined for further design steps. Design scenarios can be of physical nature like
additional mass or heat input. Also, relief scenarios can be of chemical nature as gas
production by a chemical reaction or secondary runaway reactions with temperature
and pressure increases. For proper quantification, the source for the pressure increase
must be known. The system can be either vapor (pressure increase due to vapor
pressure of the system), gassy (pressure increase due to gas production or release)
or hybrid (vapor pressure and gas production).

For chemical reactions, ideally, reaction kinetics should be considered. TUV SUD does
not determine reaction kinetics but uses its own laboratories for the determination of
the pressure increase rate and the temperature increase rate in a VSP Experiment.

3.5.2 Screening design scenarios for worst case

Based on the quantification in section 3.5.1, the design scenarios need to be screened
for the worst case. Usually, this is done by taking consequences into account. For
every design scenario, the consequences need to be measured or calculated and
compared to ensure the best choice for the worst case.

13
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3.5.3 Determination of the flow regime

After choice of the worst-case scenarios, the flow regime for each design scenario
must be determined. By checking the rate of bubble formation and the time needed for
them to escape (bubble flow velocity). This leads to volume swell. If the volume swell
is such that the reactor is full of liquid, two-phase flow will occur. If the volume swelling
remains below the flange going to the pressure relief device, one-phase flow occurs.
The level swell depends on the fill level in the reactor and on the type of bubble flow in
the reaction mass (e.g., bubbly flow or churn turbulent).

3.5.4 Mass flow rate to be discharged

State-of-the-art calculation for the mass flow that must be discharged during relief use
simplifications as stated in section 3.5.6. Depending on the flow regime, different
equations must be applied for the correct calculation of the mass flow that needs to be
discharged during the relief scenario. These calculations are done steady state
according to standard like the ISO 4126-10. (Stoessel, 2020, p. 439f)

3.5.5 Dischargeable mass flux through nozzle

After the calculation of the mass flow rate that must be discharged during the relief
scenario, the necessary mass flux through the nozzle needs to be calculated. For a
one-phase flow system the calculation is hands-on and can be found in literature. For
two-phase flow, the omega method from Leung is applied using the assumption that
thermal and thermodynamic equilibrium are reached in the nozzle. With an extension
to the omega method by Diener and Schmidt a correction factor for this simplification
can be applied for safety valves. Finally, the mass flux can be calculated as stated in
Francis Stoessels Thermal Safety of Chemical Processes. (Stoessel, 2020, p. 441f)

3.5.6 ERS sizing challenges

For state-of-the-art sizing methods, a variety of simplifications (steady state) are
assumed. For the determination of the mass flow rate for vapor relief with two-phase
flow some conservative assumptions are made using only data relative to stagnation
conditions in a static approach. These assumptions are a constant mass flow rate
between set pressure (Pset) and the maximum pressure (Pmax), constant heat input (q’)
during relief, constant physical properties during relief (cv, AHv, v«), vapor and liquid
flow at the same velocity and that the flow remains two-phase over the relief process.
To optimize the sizing procedure, the calculations shall be done dynamically with the
help of software tools. (Stoessel, 2020, p. 440)

3.6 Dynamic modelling

In general, dynamic simulations simulate a system and its changes over time. Dynamic
systems are usually described with differential equations. Mass and energy balances
around defined process requirements of unit operations and complete systems are
solved with the use of computer aided design tools with differential equation solvers
consisting of suitable solution algorithms. Connections between the different process
units are understood as logical connectors for mass and energy flow through the
system. Solving such a system can be described as the process of finding the optimal
unit operations settings and conditions. To find such solutions, realistic initial values

14
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D)
must be specified. In the case of emergency relief system sizing simulations, these
values are, amongst others, temperature, and pressure.

The formulas (1), (2) and (3) describe the fundamental laws of nature and are
universally applicable in all systems. These differential equations must be solved for
each process unit and the whole. (Institute of Chemical Technology and Engineering,
Poznan University of Technology, 2020)

3.6.1 Dynamic valve size calculation - governing equations

(1) Continuity

ap a(p*V*A)
at A * 0x

Formula (1) describes the general equation for the conservation of mass by partial
differential equations for a one-dimensional coordinate system. Integrating this
general equation yields a discretized continuity equation.

(2) Momentum

d(pV) | d(p*V2+A)
+
ot Adx

fxpxvIvi -0
2*xD

+ +p*g*cos(9+

Formula (2) describes the general equation for the conservation of momentum for
one-dimensional compressible flow in a system. Integrating this equation yields a
discretized momentum equation.

(3) Energy

d(pho — 1) N d(pVAho)
Jat Adx

Formula (3) describes the general equation for the conservation of energy (simplified)
for one-dimensional flow in terms of stagnation enthalpy. Integrating this equation
yields a discretized energy equation. (FlowNex Simulation Environment, 2020)

Table 7: Legend for formulas (1), (2) and (3)

p Density [kg/m?3] g Gravitational const. [m/s?]
1% Volume [m3] 0 Angle [rad]

A Area [m?] D Diameter [m]

t Time [s] h enthalpy [ki/kg]

o u

Pressure [Pa] internal energy [kl/kg]

15
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4 ERS sizing software requirements

There are various software tools on the market for the sizing of emergency relief
devices. Most manufacturers in the safety valve industry have their own sizing software
available with their specific valves to choose from. Nevertheless, some software tools
are very basic and allow the user to only do steady state calculations of emergency
relief systems. There are special requirements for the software to be of value for TUV
SUD Process Safety. These requirements have been developed during the thesis after
working through various TUV SUD relief system sizing projects, after internal
discussions, critical analysis, and literature research (Stoessel, 2020), extracting these
requirements as the most important. These user requirements are basis for the
qualitative evaluation of the software tools (Table 8). Since TUV SUD does ERS sizing
calculations for a variety of customers and therefore also processes with all kinds of
different chemicals involved, the need for an extensive chemical database is given
(criteria 1). The software must be able to calculate state points and physical properties
of mixtures/chemicals at relief conditions and during the relief (criteria 2). The software
should be able to do both one- and two-phase flow simulations as well as calculations
in forced two-phase flow (criteria 4&5) since even if one-phase flow is expected it is
possible that, for example due to foaming of a system, a two-phase flow occurs. The
software should be able to account for that. ERS sizing is done describing worst-case
design scenarios of physical and/or chemical nature (criteria 5&6) like the external fire
case, the maximum heating case, and the loss of cooling case as described in section
3.4. A software sizing report should highlight the respective scenarios for easier
understanding (criteria 20). In addition to a chemicals database, the software should
be able to also simulate chemical reactions with both a user input of relevant reaction
data (criteria 9) and reaction kinetics (criteria 10). The input of alternative reaction data
as received from a VSP experiment is important since reaction kinetics are only rarely
available. The applied software should have a relief device manufacturer database as
well as the possibility to enter user defined device geometries (criteria 12 to 15). Relief
piping pressure loss calculation for functional stability (criteria 16), calculation of
minimum relief area (criteria 17), sizing according to the European standard (criteria
18) and backpressure calculations of the safety device are also requirements to the
software.
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Table 8: Software user requirements

Software requirements ‘

Extensive chemicals database

Dynamic calculation of physical properties at relief/critical conditions
One- and two-phase flow calculations

Forced two-phase flow calculations

Easy scenario creation

Standard scenario database (physical / chemical)
vapor / gassy / hybrid systems

Chemical reaction database

Chemical reaction data user input

Chemical reaction kinetics

Flow behavior determination

PRV user definition

PRV manufacturer database

BD user definition

BD manufacturer database

Piping pressure loss calculation

(Minimum data) calculation of relief area

Sizing regarding 1ISO / APl - Norm

Function stability check (backpressure)
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For an easier evaluation of the software regarding norms and the TUV SUD’s state-of-
the-art sizing methods, the following Table 9 gives an overview on additional software
requirements regarding the evaluation of results. The main task of ERS sizing is the
calculation of the mass flow to be discharge through the relief device (criteria 21) and
the dischargeable mass flux through an existing device (criteria 22). These results
should be visualized clearly and easily to understand in a sizing report highlighting the
calculation method, the heat input and the flow regime occurring and other important
sizing values (criteria 20). Best would be if the used calculation methods are
highlighted (criteria 23).

Table 9: Software evaluation requirements

‘ software evaluation requirements ‘
20 | understandable visualization of results
21 | calculation of mass flow to be discharged
22 | calculation of dischargeable mass flux
23 | calculation methods from literature

For an easier handling of the software and more effective troubleshooting, the points
listed in Table 10 would be appreciated in a software. These points include a clearly
structured help section (criteria 24) in addition to meaningful example design scenarios
(criteria 25), a helpful support team for questions (criteria 26) and understandable error
codes (criteria 27).

17



®

HAW
HAMBURG

Table 10: other software requirements

\ other requirements

24 | clearly arranged help section

25 |well organized example scenarios

26 | helpful support

27 |user-friendly warnings (phase-change, under sizing, etc.)

The criteria assessed in Table 8 can be considered as hard criteria extracted from
previous sizing tasks. They describe the main requirements for a software tool. These
requirements serve as the basic suitability test. Table 9 lists requirements regarding
the visualization and highlighting of the overall results but also of specific important
sizing values (as the mass flow to be discharged and the mass flux through a nozzle).
Table 10 can be considered soft criteria. Problems occurring from non-fulfilment of
these criteria can be solved with deeper software knowledge. For this thesis though,
they were quite important, since all knowledge about the software tools had to be
appropriated in a certain time.

5 ERS Software

Chapter 5 introduces and evaluates the software tools researched in this thesis. Before
the evaluation process, research regarding proper software tools had to be carried out.
Most valve manufacturer have their own (very basic) sizing software. This sizing
software is often only taking one-phase flow and steady state conditions into account,
making it not suitable for further evaluation (e.g., FAUSKE’s PrEVent, FluidFlow,
HEROSE Valvio, ValveStar, Fisher’s Valve specification manager). Dynamic software
tools like Aspen HYSYS or EcoSim Pro are too expensive and too complex for ERS
sizing tasks. After a brief introduction of each software tool, the evaluation criteria are
being checked for every software using checkboxes. For reasons of comparability, the
columns are filled bit by bit for each software.

5.1 SuperChems for DIERS

SuperChems for DIERS is the most known software regarding emergency relief sizing
and was written in 1996 after the Design Institute for Emergency Relief Systems
(DIERS) awarded Mr. Arthur D. Little to provide the (for that time) next generation
computer program for dynamic emergency relief system design. The program’s
intention was to provide a tool for calculation of thermodynamic and transport
properties of non-ideal behavior in both liquid and vapor phase. Furthermore, the
program should provide temperature and pressure dependent derivatives and should
be equation-of-state based. Other requirements to the program were a major
thermophysical database, a differential equation solver, various flow models including
two-phase flow. For this thesis, a free six-month academic license was available. (G.A.
Melham, 1997)
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5.1.1 SuperChems — requirements evaluation

Table 11: SuperChems requirements evaluation — 1 of 3

software user requirements SuperChems FlowNex ChemCad ProSar
]

1 |extensive chemicals database

2 | dynamic calculation of physical properties
at relief/critical conditions

3 | one- and two-phase flow calculations

4 |forced two phase flow calculations ]

5 |easy scenario creation

6 |standard scenario database (physical / O

chemical)

7 |Tempered / gassy / hybrid systems

8 | chemical reaction database

9 |chemical reaction data user input (VSP)
10 |chemical reaction kinetics

11 | flow behavior determination

12 | PRV user definition

13 | PRV manufacturer database

14 | BD user definition

15 | BD manufacturer database

16 | piping pressure loss calculation

17 | (Minimum data) calculation of relief area
18 |Sizing regarding ISO / APl - Norm

19 | function stability check

Ooggooooogaoo goggogl o
O goooooodgoo ogod ao
Ogggoooooogoo ogogdr oo

XXKXKKXKXXXXXOOX

SuperChems provides a tool for static and dynamic calculations of emergency relief
scenarios (criteria 1 & 2 fulfilled) for one and two-phase flow (criteria 3 fulfilled). The
software user interface is quite overwhelming for beginners, but after a training period,
scenarios can be built easily (criteria 5 fulfilled). Every scenario must be created and
defined individually (criteria 6 not fulfilled). Relief devices can be user defined or
chosen from a (American only) manufacturer database (criteria 13 & 15 partly fulfilled).
Static sizing calculations are done regarding the APl 520 norm. ISO 4126-10
calculations cannot be done by SuperChems (criteria 18 only partly fulfilled).
Furthermore, chemical reaction simulations can only be done with the knowledge of
reaction kinetics and not using VSP data (criteria 9 not fulfilled, criteria 10 partly
fulfilled). Also, the chemicals involved in a reaction must be present in the SuperChems
chemical database. Adding chemicals to that database requires excessive
programming skills and cannot be done by the user intuitively. Piping pressure losses
are being calculated in SuperChems (criteria 16 fulfilled).
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Table 12: SuperChems requirement evaluation — 2 of 3

\ requirements for software evaluation SuperChems \ FlowNex \ ChemCad ProSar \
20 |understandable visualization of results ] (] Ul
21 | calculation of mass flow to be discharged ] (] Ul
22 |calculation of dischargeable mass flux ] L] (] Ul
(ideal nozzle)
23 | calculation methods literature ] ] (] Ul

The simulation results are compiled in a report with all input and output data listed
(criteria 20 & 21 fulfilled). Additionally, a pressure curve is being created. Once the
user knows where to find the required information, all other charts can be created
easily. Literature for calculations cannot be found intuitively and do not seem to be
present in the user guide of SuperChems (criteria not fulfilled).

Table 13: SuperChems requirements evaluations - 3 of 3

other requirements SuperChems | FlowNex ChemCad ProSar
O] O] ]

24 | clearly arranged help section

25 | well organized example scenarios

26 | helpful support

27 |user-friendly warnings (phase-change,
under sizing, etc.)

X O
0o
EREREE
0oy

Unfortunately, SuperChems does only partly provide a useful “help” section. The “help”
SuperChems was updated to a more user-friendly interface, but the help section has
not been updated to fit the new layout and is therefore not usable for the provided
version of the program (criteria 24 not fulfilled). This fact leads to significant confusion
using the software. Also, example scenarios are very basic only and not of great help
(criteria 25 not fulfilled). During the research the support team was not frequently
available, and problems were not solved (criteria 26 not fulfilled).

5.2 FlowNex

The original program called FlowNex was released in 1986 to solve air and water
distribution networks on mines. The code was intended to meet requirements from
Rolls-Royce for the simulation of aircraft combustion engines and was refined in 1997
with the extension of code to handle dynamic simulations of networks with time
dependent flows. In the early 2000’s simulation of gas mixtures, chemical reactions
and two-phase flow modelling was implemented. Nowadays, its being used for the
calculation of pressure losses and heat transfers for a variety of plant applications. For
FlowNex, also a free six-month academic trial was available. (FlowNex Simulation
Environment, 2021)
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5.2.1 FlowNex — requirements evaluation

Table 14: FlowNex requirements evaluation — 1 of 3

software user requirements SuperChems FlowNex ChemCad ProSar

1 |extensive chemicals database

2 | dynamic calculation of physical properties
at relief/critical conditions

3 | one- and two-phase flow calculations

4 |forced two phase flow calculations ]

5 |easy scenario creation

6 |standard scenario database (physical / O

chemical)

7 |Tempered / gassy / hybrid systems

8 | chemical reaction database

9 |chemical reaction data user input (VSP)
10 |chemical reaction kinetics

11 | flow behavior determination

12 | PRV user definition

13 | PRV manufacturer database

14 | BD user definition

15 | BD manufacturer database

16 | piping pressure loss calculation

17 | (Minimum data) calculation of relief area
18 |Sizing regarding ISO / APl - Norm

19 | function stability check

O goooooodgoo ogod ao
Ogggoooooogoo ogogdr oo

O00XOXDOXKOXOOO OddX

XXKXKKXKXXXXXOOX

FlowNex provides a dynamic simulation tool that was invented to simulate aircraft
combustion engines (criteria 2 fulfilled) — not safety valves or bursting discs. In general,
the simulation of a safety valve is possible, but the actual sizing and rating is not
possible in a suitable way for TUV SUD. FlowNex provides a small chemical database
(criteria 1 partly fulfilled). Chemicals and chemical reactions can be added to the
FlowNex database with deeper software and programming knowledge. Since it was
not created as an emergency relief sizing tool, there is no manufacturer database for
safety valves or bursting discs and sizing cannot be done according to the ISO 4126-
10 or API 520 (criteria 4, 5, 6, 7, 8, 9, 11, 13, 15, 17, 18 & 19 not fulfilled).
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Table 15: FlowNex requirements evaluation — 2 of 3

\ requirements for software evaluation SuperChems \ FlowNex \ ChemCad ProSar \
20 |understandable visualization of results (] Ul
21 | calculation of mass flow to be discharged (] Ul
22 |calculation of dischargeable mass flux ] L] (] Ul
(ideal nozzle)
23 | calculation methods literature ] (] Ul

The results can be visualized intuitively and are listed in a clear manner (criteria 20
fulfilled). The calculated values can be reviewed by simply clicking on the process unit
(criteria 21 fulfilled). Literature to the calculation methods can easily be found in the
help section (criteria 23 fulfilled).

Table 16: FlowNex requirements evaluation — 3 of 3

other requirements SuperChems | FlowNex ChemCad ProSar
O] ]

24 | clearly arranged help section

25 | well organized example scenarios

26 | helpful support

27 |user-friendly warnings (phase-change,
under sizing, etc.)

X O
X XX
EREREE
0oy

The FlowNex help section is well organized and FlowNex also provides well executed
trainings and example scenarios. The warning layer gives helpful information on where
to look for minor mistakes and the support was always available and intensively looking
for a solution (all criteria fulfilled).
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5.3 ChemCad (SafetyNet)

ChemCads SafetyNet is a stand-alone program for safety simulations including piping
networks, compressor, pumps and valves. ChemCad is a combination of various
process simulation software. SafetyNet uses the ChemCad chemical database which
provides chemical and thermodynamical data of over 2000 chemicals. For ChemCad,
only a free two-week license was available. (ChemStations, 2021)

5.3.1 ChemCad - requirements evaluation

Table 17: ChemCad requirements evaluation — 1 of 3

\ software user requirements SuperChems\ FIowNex\ ChemCad ProSar\
1 |extensive chemicals database
2 | dynamic calculation of physical properties ]
at relief/critical conditions
3 | one- and two-phase flow calculations
4 | forced two phase flow calculations O] O
5 |easy scenario creation
6 |standard scenario database (physical / O O]

chemical)

7 |Tempered / gassy / hybrid systems

8 |chemical reaction database

9 |chemical reaction data user input (VSP)
10 | chemical reaction kinetics

11 | flow behavior determination

12 | PRV user definition

13 | PRV manufacturer database

14 | BD user definition

15 | BD manufacturer database

16 | piping pressure loss calculation

17 | (Minimum data) calculation of relief area
18 | Sizing regarding ISO / API - Norm

19 | function stability check

Ogoouoogooguoog goodg O

O0O0XKOXOXOXOOO O00X

XXKXKNXKXXNXXXXOOX
XXKXNXKXXNXXXOX X

ChemCad provides an extensive chemical database also including some polymers and
other special chemicals (criteria 1 fulfilled). ChemCad’s strength clearly lies in the
dynamic thermodynamical calculations during the simulation (criteria 2 fulfilled). Basic
sizing calculations for one and two-phase flows can be done easily and do not require
deep software knowledge (criteria 3 & 5 fulfilled). Chemical reactions (using kinetics)
cannot be simulated in the SafetyNet tool of ChemCad but with the complete version
of the program (criteria 9 fulfilled, criteria 10 not fulfilled). Relief systems can be defined
manually or the next size from a database is chosen (criteria 12-15 fulfilled). Sizing
calculations are only done according to the API 520 norm (criteria 18 partly fulfilled).
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Table 18: ChemCad requirements evaluation — 2 of 3

\ requirements for software evaluation SuperChems \ FlowNex \ ChemCad ProSar \
20 |understandable visualization of results Ul
21 | calculation of mass flow to be discharged Ul
22 |calculation of dischargeable mass flux ] L] (] Ul
(ideal nozzle)
23 | calculation methods literature ] Ul

ChemCad provides an understandable result layout. Especially within the dynamic tool
of ChemCad, all results can be visualized easily in addition to a sizing or simulation
report (criteria 20 & 21 fulfilled). Literature for the calculation methods is listed in the
respective help section (criteria 23 fulfilled).

Table 19: ChemCad requirements evaluation — 3 of 3

other requirements SuperChems | Flow ChemCad ProSar
]

Nex
24 | clearly arranged help section
25 | well organized example scenarios
26 | helpful support
27 |user-friendly warnings (phase-change,
under sizing, etc.)

X XXX

X O0u
X XX
0oy

ChemCad has a clearly arranged help section and provide well organized and
executed example scenarios. The support team is always available, and support was
always very helpful (all criteria fulfilled).

5.4 ProSar

ProSar is a browser-based relief device sizing tool invented by the center of safety
excellence (CSE) to provide a fast and easy way to do sizing calculations based on
the API 520 as well as the 1ISO 4126. Once one of three available licenses have been
purchased, ProSar can be run from every computer or Laptop using only a browser.
The ProSar free license was available for the time of the research. Since the program
was just released, the duration of the license was three weeks. (Center of Safety
Excellence, 2021)
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5.4.1 ProSar — requirements evaluation

Table 20: ProSar requirements evaluation — 1 of 3

software user requirements

HAW
HAMBURG

SuperChems | FlowNex ChemCad ProSar

1 |extensive chemicals database ]
2 | dynamic calculation of physical properties O U
at relief/critical conditions
3 | one- and two-phase flow calculations
4 |forced two phase flow calculations ] ] O O
5 |easy scenario creation ] ]
6 |standard scenario database (physical / O O ] ]
chemical)
7 |Tempered / gassy / hybrid systems ] ]
8 | chemical reaction database ] ] ] ]
9 | chemical reaction data user input (VSP) ] ] U
10 |chemical reaction kinetics ]
11 | flow behavior determination ] L]
12 | PRV user definition L]
13 | PRV manufacturer database ]
14 | BD user definition L]
15 | BD manufacturer database ] L]
16 | piping pressure loss calculation
17 | (Minimum data) calculation of relief area ] L]
18 |Sizing regarding ISO / API - Norm ]
19 | function stability check ]

ProSar is a web-based sizing tool to do quick sizing calculations regarding the ISO
4126-10 and the API 520 for one and two-phase flow (criteria 3 & 18 fulfilled). There
is no dynamic tool for dynamic sizing calculations (criteria 2 not fulfilled). The
chemical database is rather small and a selection of bursting discs from a
manufacturers database is not possible (criteria 1 & 14, 15 not fulfilled).
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Table 21: ProSar requirements evaluation — 2 of 3

\ requirements for software evaluation SuperChems \ FlowNex \ ChemCad ProSar \
20 |understandable visualization of results
21 | calculation of mass flow to be discharged Ul
22 |calculation of dischargeable mass flux ] L] (] Ul
(ideal nozzle)
23 | calculation methods literature ] Ul

The results are listed comprehensively in a sizing report (criteria 20 not fulfilled). The
sizing calculation is based on the mass flow to be discharged which must be
provided by the user (criteria 21 not fulfilled). Literature on calculation methods must
be researched by the user since ProSar is a web-based calculation tool (criteria 23
not fulfilled).

Table 22: ProSar requirements evaluation — 3 of 3

other requirements SuperChems | Flow ChemCad ProSar
]

Nex
24 | clearly arranged help section
25 | well organized example scenarios
26 | helpful support
27 |user-friendly warnings (phase-change,
under sizing, etc.)

X XXX

X O0u
X XX
OIX| 0O

The input needed to do the calculations is stated clearly so that there is no need for
an extensive help section as well as example scenarios (criteria 24 & 25 not fulfilled).
The support was always helpful (criteria 26 fulfilled). Warnings are stated in the sizing
report or marked as red crosses.
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6 Software application

This chapter describes the workflows of the various tools and the design scenario
implementation with the use of screenshots. Basic sizing models are applied and
analyzed.

6.1 SuperChems

The following section gives a brief introduction on how to set up steady state and
dynamic relief scenarios in SuperChems.

6.1.1 SuperChems flow sheet API 520/ CCPS model implementation

Open visual SuperChems

I

Create a new
project file

Set units to SI
Defaults

Create a new scenario

Define a mixture

. Define vessel
Define a vessel .
options
Enter input Select AP1520/
parameters CCPS model

Run model

Define molar or
mass fractions

Figure 6: Flow sheet API 520/CCPS model implementation (own drawing)
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6.1.2 SuperChems - APl 520 / CCPS model

First, a new project is opened and named accordingly. A new scenario is defined and
named under the “define — scenario” tab.

The first model to be run is the API 520/CCPS: Abnormal Heat Input. In this case, little
information is needed. A mixture must be defined with all its components, which can
be chosen from the SuperChems chemical database. Afterwards, mass or mole
fractions are defined.

The next step is the equipment definition. A new vessel must be defined under the
“define — equipment” tab. Important specification input information are design pressure
of the vessel which is higher or at least equal to maximum allowed working pressure,
design temperature which is higher or at least equal to the maximum allowed working
temperature and normal operating pressure. More important input information are
vessel type and geometry including length, inside diameter and liquid pool and grade
bottom elevation, which describe the placement of the equipment over ground level.
Under the “options” tab in the vessel menu, the external fire box must be checked to
account for the external fire option. An external fire tab appears within the specification
menu of the vessel. Here, the fire loading methodology must be defined. If the API-521
fire flux methodology is chosen, the liquid level inside the vessel is defined, and a
mitigation factor (or environmental factor) is set according to the APl 520 norm.
SuperChems then calculates the fire flux and the wetted area. The wetted area factor
recognizes that large vessels are less likely to be complete engulfed in and open fire
than small vessels. A user defined input is also possible.

Afterwards, the model API 520/CCPS: Abnormal heat input can be chosen from the
“‘models — flow and source terms” tab. Within the input section of the model, the relief
device type (conventional PRV, balanced bellows PRV or rupture disc) and the heat
source is chosen (external fire).

Next essential input information are the relief conditions consisting of initial
temperature and initial pressure, set pressure of the relief device, backpressure,
allowed percent of overpressure (in Europe 10%, for API fire case 21%) and the device
discharge coefficient.

To calculate the required relief flow area, the user can choose the pure component
method or the percentage of mass vaporized average method. In the pure component
method, SuperChems decides which component will cause the most impact on the
relief scenario and calculates the relief area based on solely this component. To do so,
the model can be run after the input of the relief conditions.

To use the “% mass vaporized average method”, the “use latent heat at user defined
vaporized liquid fraction” checkbox must be checked, and the fraction vaporized must
be entered.

In both cases, SuperChems will return a required relief area as well as other output
data (see Figure 7).
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Output Data -
Latent heat is based on heat required to vaporize 0 % to 10 % of the liquid mass at the relief pressure

Time required to reach relief pressure 0.0000 h
Average molecular weight 49.3068

Temperature at maximum pressure 172.3227
Compressibility factor 0.8701

Density 0.1516 Ib/gal
Heat of vaporization 3174774 BTU/Ib
Density comection factor 0.9661

Correction factor vapor density 0.1516 Ib/gal
Carrection factor liquid density 44706 Ib/gal
Evaporation/relief rate 6,463.2568 Ib/h
Volumetric flow rate 486193934  SCFH
Flow is critical (choked)

Relief device orifice area 0.5001

Exit temperature 143.6530

Exit pressure 64.7843 psig
Exit compressibility factor 09156

Exit density 0.0884 Ib/gal
Exit velocity 802.0087 ft/s
Backpressure correction factor 1.0000

Next size up is G orifice (0.503 in2), 1.5x2.5 or 1.5x3 or 2x3

Next size down is F orifice (0.307 in2), 1x2 or 1.5x2 or 1.5x2.5

Figure 7: AP1 520/CCPS model output data

Note that in this model, no piping layout was defined. Only data on mixture, vessel,
and model input is required. Once the output is created a second model, the “pipes:
vapor” model, can be run. For this model, the output from the API/CCPS model can be
imported or entered manually. The piping layout must be chosen according to the
proposed relief piping which can be imported from other scenarios. Under the user flow
options the “calculate maximum flow rate” or “specify user defined flow rate” can be
selected. Afterwards, the model can be run, and results can be evaluated. Main
parameters to be compared are mass flow rate of the relief piping layout, inlet pressure
drop relative to effective set point and backpressure relative to effective setpoint. If the
flow rate of the “pipes: vapor” model is higher than the evaporation/relief rate from the
API 520/CCPS model, the PRV is sufficient.

6.1.3 SuperChems - External fire (dynamic method with minimum relief area)

For the dynamic method of the fire case a hew design scenario must be defined and
named accordingly. If the same mixture and equipment is used for the model, they can
simply be selected by right-click on the respective tab. For the dynamic model with
minimum relief area, a piping layout must be created consisting only of a PRV with the
same flow area as obtained from the API 520 model.

Select the external fire case scenario and copy it using right-click. A new piping layout
can be created under the “define — piping layout — new layout” tab. Define a new
pressure relief device under the “define — piping layout — pressure relief valve” tab.
Create a new PRV with the minimum relief area obtained from the APl 520 model.
Important input information are inlet and outlet pipe schedule as outputted from the
API1 520 / CCPS model.
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Discharge coefficients under the flow section must be set for gas/vapor, liquid and two-
phase. The composition of the two-phase flow will change over time; however, this is
not accounted for by SuperChems. There is no option in SuperChems that calculates
the discharge coefficient of two-phase flow based on composition and discharge
coefficients from gas/vapor and liquid. Under the settings menu, a PRV can be chosen
from a manufacturers database. Also, the flow area can be manually set. Set pressure
and reset pressure must be defined.

The newly defined PRV can be selected in the top primary piping layout section. The
new minimum area layout can be chosen here. A rupture disc is set as the default unit.
The disc needs to be removed using the left arrow. From the available units list, the
newly defined pressure relief valve can be selected using the right arrow. Within the
primary piping layout menu, the thermodynamic flow path, and the nozzle flow method
IS being selected. The thermodynamic flow path is being calculated from the current
condition to the final pressure with either a constant entropy (isentropic) or a constant
enthalpy (isenthalpic). The nozzle flow method is being calculated either with the use
of the specific work of an open system, where the volume changes with the rise of the
temperature (VAP integral) or the change of enthalpy in the system (dH). There is an
overview of the results of the different combinations of thermodynamic flow path and
nozzle flow methods for a simple toluene relief example in the appendix in section
10.1.13.

After the piping layout definition, the model “dynamic vessel: two-phase” can be
chosen using right-click on “models — flow and source term — dynamic vessel: two-
phase”.

Within the model menu, the initial conditions must be set (temperature, pressure, and
contents mass) and the expected fluid phase (one or two-phase) for the modelling is
selected. Under relief piping path, the minimum area layout and the flow type is
selected (vapor, two-phase, bubbly, churn turbulent or subcooled). For bubbly and
churn turbulent flow, the DIERS coupling equation coefficient must be entered. In the
time analysis menu, starting and final time can be set. The external fire exposure box
under simulation options must be checked to account for the external fire option.
Afterwards, the simulation can be started.
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Vessel Options & Considerations Relief Piping
External fire exposure Vessel Connection  Relief Piping Backpressure psig  Flow type
TOP: Primary Piping | PSV-2001 - MIN AREA LAYOUT |0 | Chumn turbulent |
r Overall Balance Design Boundaries
Initial Final Final - Initial Maximum Time h  Point

Time h 0.0000 2.000 2,000 Pressure psig 116.9 0.7920 271 1.17 x DESIGN P

Temperature ‘F 74462 1,234 1,160 dP/dt psig/h 1,753 0.8040 290

Pressure psig 50.000 1074 57.440 Temperature °F 1.234 1.825 502 274 xDESIGNT
dT/dt °F/h 11,787 08210 329

Vapor mass Ib 37.705 .17 1240 Impulse Ibf 1934 0.7920 271

Vapor volume gal 5996 2,115 1,515 Fire heating input BTU/hr 2.12404E+06 0.0000 0

Liquid mass Ib 7462 0.0000 -7.462

Liquid volume gal 1,515 0.0000 -1,515

Total mass b 7,500 161.7 -7,338

Total volume gal 2,115 2,115 -0.0200

Volume Full of Liquid % 71.649 0.0000 -71.649

- C ition Balance
Initial Liquid Final Liquid Initial Vapor Final Vapor Initial Total Final Total Change Total

ETHANE Ib 3548 0.0000 20.246 0.0000 3750 0.0000 -375.0

n-BUTANE b 3,359 0.0000 15.794 6.226 3375 6.226 -3,369

n-HEXANE b 3,748 0.0000 1.666 155.5 3,750 155.5 -3,594

Totals TA462 0.0000 37.705 161.7 7,500 161.7 -7.338

Figure 8: dynamic vessel: two-phase model output data

Under the “results — flow” tab the first flow data and the flow at maximum pressure
results can be seen. Under the “charts” tab in the result section, various charts can be
created for mass flow, pressure and temperature history, phase envelopes and many

more.
|FI|::w or relief device opening time ||'I 0.7921 Data point 271
Pressure psig 1169338
Temperature F 3195091
Exit Pressure psig 67.8078
Exit Temperature 2974113
Liquid flow rate Ib/h 0.0000
Vapor flow rate Ib/h 17,860.0318
First flow impulse Ibf 193.4338
% irreversible inlet pressure loss (1st device) 0.0000
%6 backpressure (1st device) 101,325.0000
% irreversible inlet pressure loss (2nd device) 0.0000
% backpressure (2nd device) 101,325.0000
Chemical Liguid Vapaor Total
ETHANE Ib/h 0.0000 0.0177 0.0177
n-BUTANE Ib/h 0.0000 687 4452 6874452
Ib/h 0.0000 171725690  17,172.5690

n-HEXAME

Figure 9: dynamic vessel: two-phase model output data at maximum pressure
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6.1.4 SuperChems - External fire (dynamic method with actual piping layout)

For the full dynamic simulation, a relief piping path must be created using either MS
Visio or the “define — piping layout” section of SuperChems. The piping segments are
created with the information given, taking entrances, elbows, and bends into account.
The inlet and outlet schedule for the relief valve needs to be the same as for to the
pipe schedule. The relief valve can now be chosen from the manufacturers database.
Set pressure and reset pressure must be entered.

Under the model menu, the “pipes: vapor” model is chosen. Here, the relief conditions
can be either entered manually or can be imported from the API model using the
toolbox — import flow data (first flow or maximum pressure flow from dynamic model).
If the API/CCPS model was also run in this scenario, this output data can also be
imported as a stream (import API/CCPS flow data).

Additionally, a second dynamic vessel model is run, taking the actual relief piping into
account.

For a more detailed documentation on how to set up models in SuperChems including
screenshots for a better understanding, see appendix section 9.1.

All kind of charts can easily be created within the “charts” tab in the dynamic vessel:
two-phase results menu.

Figure 10 shows the venting history as mass flow rate in kg/s over time.

Venting History (piping)

04— —— Total Mass Flow Rate kg/s
| ‘ ___ Primary Piping Gas/Vapor
Mass Flow Rate kg/s
___ Primary Piping Liquid Mass
- Flow Rate kg/s

Mass Flow Rate kg/s
|

0 20 80 100

E
0 T T T T T T T T T T
40 60
Time s

Figure 10: External fire — dynamic method venting history
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Figure 11 shows the pressure history as pressure in bar(a) over time.

Pressure History

1|
\
| V I\/‘] \/ W| / /\/L/L"%WWW |//‘,//l/ﬂl//lz/l//l//L,/AL//L//L’/]L//{//Lﬂ[///l//|// M,Lim/
V

Pressure bara

Time s

Figure 11: External fire - dynamic method pressure history
Figure 12 shows the pressure in bar(a) over the temperature in degree Celsius.

Pressure vs. Temperature

Pressure bara

AN L

| T I |
100 900 1700 2500 3300 4100

Temperature °C

Figure 12: External fire - dynamic method P vs. T
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Figure 13 shows the mass history of the vessel content in kg over time.

Vessel Contents Mass History

—— Liquid Mass kg
—— Gas/Vapor Mass kg
— Total Mass kg

Fluid Mass kg
|

Time s
Figure 13: External fire - dynamic method vessel content mass history

6.1.5 SuperChems — Dynamic simulation conclusion

The output of the dynamic model in SuperChems is an overall balance as well as
temperature and pressure rate at the highest-pressure point. During the dynamic
simulation, SuperChems switches to the “classic” version, which can be confusing for
the user. Dynamic simulation can take up to 30 minutes. In the results overview, the
user can create various charts like pressure and temperature history, flow
compositions and many more. Nevertheless, the data output is not dynamic. The user
must wait for the program to finish the simulation and evaluate the results afterwards.
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6.1.6 SuperChems — Validation of results for selected cases

For the calculation of the required relief device orifice area for the external fire case
using SuperChems, one of TUV SUD’s project data is implemented. Table 23 shows
a summary of the input data provided by TUV SUD. For this calculation, toluene was
used as a solvent for the fire case scenario.

Table 23: Reactor input data

L

Nominal volume 100

Maximum volume 143

Internal diameter 0.61 m

Heat Exchange Area 0.55 m?

Heat transfer coefficient 1000 W/m2*K
External surface (reactor) 0.81 m?
MAWP 6 bar(a)
Insulation type Rockwool

Insulation thickness 50 mm

Table 24: Relief parameters

Parameter

Tset 132 °C
Tmax 192 °C
Pset 1.8 bar(a)

Discharge Coefficient (gas) 0.7

Discharge Coefficient (liquid) 0.45

Thermal power (qset) 6.76 kW
Type of flow 1 phase

The results for the relief system sizing calculation as provided by TUV SUD can be
viewed in Table 255.

Table 25: Sizing results TUV SUD — external fire case

Parameter

Discharge rate 0.02 kg/s
Mass flux / capacity 589 kg/(m?*s)
Required relief area 0.47 cm?
Required relief diameter 8 mm
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6.1.6.1 SuperChems — External Fire Case scenario set up

For the external fire case calculations in SuperChems, first a new scenario must be

defined and named accordingly. Also, toluene must be defined as the scenario’s
mixture.

Afterwards, the vessel geometry must be defined. Geometrical data is entered in the
basic menu (Figure 14).

| REACTOREXTERNAL FIRE CASE |

Spedfication _Oprions | Report Comments | Geometry and Stress | Toolbox |

Basic ¢ REACTOR_EXTERNAL FIRE CASE
Notes. -
Options Description [Reactor_Exteral_Fire ] paiDs NA
External Fire Location [NA | Equipment type Reactor L=
Heating and Cooling
Insulation Manufacturer [NA | Vessel built per | ASME Section VIl =
Sernial number ‘NA ‘ Applicable relief code | API 520/521 =
- Pressure
Design pressure 6 | bara Design temperature [232.4056 | “c
Vacuum pressure [1.0133 | bara Minimum temperature [-28.8889 | *c
Normal operating pressure | 1.0133 | bara Normal operating [zs | ¢
Maximum pressure ‘6 ‘ bara Maximum temperature |25 ‘ *C

Physical Dimensions

Vessel type |Vertical Cylindrical | ] Material of construction [sTeEL =

Length [os | m Actual material [Enter actual material of construction |

Inside diameter [os1 | m Internals/User defined mass [0 | g

Shell thickness [oo127 | m Liquid pool bottom elevation [0 | m
Grade bottom elevation [o | m

Head Top Bottom

Type lHenv\isphenca\ = \Hemwspheri:a\ =

Wall thickness (00127 | m 00127 | 'm

Figure 14: SuperChems vessel menu

To account for the external fire case, the external fire case checkbox under the options
tab must be checked, and the fire methodology must be selected. The user-defined
fire loading was selected in this scenario as Figure 15 shows.

£d SuperChems™ [ & B 4

© DERANT | REACTOREXTERNAL FIRE CASE |
@ @) LOSS OF COOLING MIN AREA

Specification | Options | Report Comments | Geometry and Stress | Toolbox |
Basic

3
» =s ABNORMAL HEAT INPUT Notes Enable Fire Loading
|| » == DEFAULT Options Fire flux 04825 Wrem? Fire Loading Methodology
o - "
]| = EXTERNAL FIRE CASE ExizmallEE O AP-521 Fire Flux

Heating and Ceoling Fire start time

ﬂ

s
@ site DEFAULT O API-2000 Fire Flux

Insulation

v Mixture TOLUENE Fire duration 7200 s O NFPA-30/0SHA 1910
‘essel REACTOR_EXT CASE © User-defined fire loading

LR ! © ERNAL FIRE Fraction exposed to fire 0.6634

» £ Top Primary Piping Layout DEFAULT
3 X
4 Stream [NO FLOW] Wetted area 141108823 om
@ Project Data DEFAULT
(%) options

4 Models (1)

Figure 15: SuperChems External fire menu
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After selecting the APl 520/CCPS: Abnormal Heat Input model, the heat source

“external fire” must be selected, and the relief conditions must be entered as shown in
Figure 16

|+ API520/CCPS: Abnormal Heat Input |
Inputs | Results | Toolbox | Notes | Data Sets |

Cancel Update Run

Specifications
Device Type
© Conventional PRV () Balanced bellows PRV (O Rupture disk

- Heat Source
© External fire O Userheating (O Exchanger heating (O Condensing heating media

Relief Conditions

Total liquid mass in vessel kg
Initial temperature 132 *C
Set pressure bara
Backpressure bara
Percent overpressure %
Discharge coefficient

D Ignore CCPS density correction factor

[ specify mixture fractions

Figure 16: APl 520/CCPS: Abnormal heat input model - external fire

6.1.6.2 SuperChems — External Fire Case output data

Input Data

Liquid Density = Databank, Thermo = Equation of state
Vessel is under fire exposure

PRV is Conventional

Determine relief flow area

Average molecular weight 92.1405

Total liguid mass in vessel 78.0000 kg
Initial vessel liquid temperature 132.0000 °C
Vessel wetted surface area 14,110.8823 m’
Additional wetted surface area 0.0000 em®
Heating load 68085007 W
Set pressure 1.8000 bara
Backpressure 1.0133 bara
Percent overpressure 10.0000 %
Discharge coefficient 0.7000

Figure 17: SuperChems Input data overview external fire case

The heat load is automatically calculated by SuperChems depending on the input
information provided.
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Output Data

Rehef requirement will be set by evaporation of TOLUENE

Time required to reach Pset (lightest component) 45,2085 5
Average molecular weight 92.1405
Temperature at maximum pressure 1339118 *C
Compressibility factor 0.9465

Density 54037 kg/m’*
Heat of vaparization 3483747412 J/kg
Density correction factor 0.9932

Correction factor vapor density 5.1146 kg/m®
Correction factor liquid density 754.0437 ka,/m*
Evaporation/relief rate 0.0194 kgy/s
Violumetric flow rate 588.3344 SCFH

Flow is critical (choked).

Relief device orifice area 0.4433 cm?
Exit temperature 121.7388 *C
Exit pressure 1.1138 bara
Exit compressibility factor 0.9661

Exit density 3.2354 kg/m®
Exit velocity 193.3470 my/s
Backpressure correction factor 1.0000

Mext size up is D orifice {0.110 in2), 1x2 or 1.5x2 or 1.5x2.5
MNext size down is less than D orifice (0.11 in2) 1x2, 1.5%2, or 1.5x2.5

Figure 18: SuperChems output data external fire case

The APl 520/CCPS model does not give information about the flow regime. The
SuperChems output data is compiled in Figure 18. A comparison of TUV SUD
calculation and the SuperChems results are shown in Table 26.

Table 26: comparison of sizing results

Parameter TUOVSUD  SuperChems
Discharge rate 0.02 0.019 kg/s
Required relief area 0.47 0.4433 cm?

With small deviations, the results of the two calculation methods are comparable.

6.1.6.3 SuperChems — External Fire Case conclusion

The API 520/CCPS Abnormal Heat Input model — external fire case can be used as for
quick calculations regarding the external fire, especially when the API fire flux
methodology is used. The input data is equivalent to the APl 520 norm. Output data
can be reviewed in Figure 18. Most essential output data is the required relief area, the
evaporation/relief rate, and the volumetric flow rate. Additional output information is the
time to reach set pressure, temperature at maximum pressure as well as exit
conditions. Information about the flow regime is not available — also forced two-phase
flow calculations for the sizing of a pressure relief device under the external fire case
using the API norm are not available.
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6.1.7 SuperChems - Abnormal Heat Input

For the calculation of the required relief device orifice area for the maximum heating
scenario using SuperChems, one of TUV SUD’s project data is implemented. In this
scenario, the used mixture and vessel are the same as in the external fire case
scenario.

Table 27 shows a summary of the input data regarding the heating system as provided
by TUV SUD. For this calculation, toluene was used as a solvent for the fire case
scenario.

Table 27: Heating system data

Parameter

Heat transfer coefficient 1000 W/m2*K
Flow of heating medium 4.7 kg/s
heating medium temperature 189 °C

The results for TUV SUD’s calculation method are listed in Table 28.

Table 28: Sizing results TUV SUD - maximum heating case

Parameter

Discharge rate 0.09 kg/s
Mass flux / capacity 589 kg/(m2*s)
Required relief area 2.19 cm2
Required relief diameter 17 mm

6.1.7.1 SuperChems — Abnormal Heat Input scenario set up

To account for the heating and cooling, the required information must be entered in the
vessel menu as shown in Figure 19.

| REACTORABNORMAL HEAT INPUT ‘

Specification | Options | Report Comments | Geometry and Stress | Toolbox |

Basic

Notes D Heating/Cooling is Defined by User

Options

External Fire D Vessel has Jacket Cooling

Heating and Cooling

Insulation Vessel has Jacket Heating
Jacket heating area \gg(;() | em?
Overall heat transfer coefficient [0.1 W/em?/°C
Heating temperature trigger [-273.15 B
Heating fluid flow rate [4'72 I kg/s
Heating fluid heat capacity \iiob i J/kg/°C
Heating fluid temperature [189 "C

D Enable Solar Heating

Figure 19: SuperChems heating and cooling menu
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Also, the information given on insulation must be entered in the respective menu
(Figure 20).

| REACTORABNORMAL HEAT INPUT |

Specification _ Options | Report Comments | Geometry and Stress | Toolbox |

Basic

Notes Use insulation heat transfer coefficient in heat transfer estimates

QOptions

External Fire Insulation heat transfer coefficient W/em®/*C

Heating and Cooling

Insulation Insulation type |Enter actual insulation type here |

Insulation code [Fire Proof |

Insulation thickness m

Vessel top is insulated

Figure 20: SuperChems insulation menu

To run the API 520/CCPS: Abnormal heat input model with the exchanger heating
option, the respective model must be selected, and the input data must be entered.

File | Define | Reponts | Batcha | Properies | Tools | QRA | Options | Help
_ ©oerauT | 1 API520/CCPS: Abnormal Heat Input |
3 @ LOSS OF COOLING MIN AREA Inputs | Results | Toolbox | Notes | Data Sets |
]
= = ABNORMAL HEAT INPUT Cancel | Update Run
R @ site DEFAULT Specifications
E / Mixture TOLUENE Device Type
% Vessel REACTOR_ABNORMAL HEAT INPUT o Conventional PRV O Balanced bellows PRV O Rupture disk
» &' Top Primary Piping Layout DEFAULT Heat Source
4f Stream [NO FLOW] QO extemalfire O Userheating @) Exchanger heating (O Condensing heating media
@ Project Data DEFAULT Vessel is under Heat Exchanger Heating
. Models (1) Heat transfer area [5500 cm*
+ API 520/CCPS: Abnormal Heat Input i
Overall heat transfer coefficient 0.1 27
» =5 DEFAULT bi | wremire
» =# EXTERNAL FIRE CASE Heat transfer temperature difference 60 “c
Relief Conditions
Heating rate w
Total liquid mass in vessel 78 kg
Initial temperature 122 «
Set pressure 18 bara
Backpressure 1.0133 bara
Percent overpressure 10 %
Discharge coefficient 0.7
D Ignore CCPS density correction factor
D Specify mixture fractions

Figure 21: SuperChems API 520/CCPS model - exchanger heating

6.1.7.2 SuperChems — Abnormal Heat Input output data

The heating rate is automatically calculated by SuperChems with the input information
provided in the vessel menu. The heat transfer temperature difference is the difference
between Tmaxand Tset.
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Data
Liquid Density = Databank, Thermo = Equation of state
‘essel is under heat exchanger heating
PRV is Conventional
Determine relief flow area
Heat transfer area 5,500.0000 cm?
Overall heat transfer coefficient 0.1000 W/em?/f*C
Heat transfer temperature difference 60.0000 C
Average molecular weight 92.1405
Total liquid mass in vessel 78.0000 kg
Initial vessel liguid temperature 132.0000 °C
Vessel wetted surface area 14,110.8823 m’
Additional wetted surface area 0.0000 cm?
Heating load 33,000.0000 W
Set pressure 1.8000 bara
Backpressure 1.0133 bara
Percent overpressure 10.0000 %
Discharge coefficient 0.7000

AW
AMBURG

Figure 22: SuperChems input data summary - APl 520/CCPS: Abnormal Heat Input - exchanger heating

Output Data

Relief requirement will be set by evaporation of TOLUENE

Time required to reach Pset (lightest compaonent) 93273 3
Average molecular weight 92.1405
Temperature at maximum pressure 1339118 °C
Compressibility factor 0.9465

Density 5.4037 kg/m’

Heat of vaporization

348,374.7412 Jkg

Density correction factor 0.9932

Correction factor vapor density 5.1146 kg/m*
Carrection factor liquid density 754.0437 kg/m?
Evaporation/relief rate 0.0941 ka/s

Violumetric flow rate

2,851.5872  SCFH

Flow is eritical (choked).

Relief device orifice area 2.1486 cm?
Exit temperature 121.7388 °C
Exit pressure 1.1138 bara
Exit compressibility factor 0.9661

Exit density 3.2354 kg/m’
Exit velocity 193.3470 m/s

Backpressure correction factor

1.0000

Next size up is G orifice {0.503 in2), 1.5x2.5 or 1.5x3 or 2x3
MNext size down is F orifice (0.307 in2), 1x2 or 1.5x2 or 1.5x2.5

Figure 23: SuperChems output data summary - API 520/CCPS: Abnormal Heat Input - exchanger heating

Table 29 shows the results of the sizing calculation for each method. The results are
comparable.

Table 29: comparison of sizing results

Parameter TOV sUD SuperChems
Discharge rate 0.09 kg/s 0.0941 kg/s
Required relief area 2.19 cm? 2.1486 cm?
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6.1.7.3 SuperChems — Abnormal Heat Input conclusion

To account for the maximum heating case, also the API 520/CCPS model is used in
SuperChems. Again, the APl 520/CCPS Abnormal Heat Input model gives no
information about the flow regime and no forced two-phase flow calculations are
available within this model. Since the same model is used, the output parameters are
the same as in the external fire case.

6.1.8 SuperChems - Ideal Nozzle

The ideal nozzle model can be used to rate an existing ERS. To run the ideal nozzle
model, first the mixture and vessel must be defined. Since the same mixture and vessel
as in the previous cases are being used, these steps can be reviewed in the external
fire case scenario.

6.1.8.1 SuperChems — Ideal Nozzle scenario set up
The required input information for the ideal nozzle model is shown in Figure 24.

File | Define | Reports | BatchQ | Properties | Tools | QRA | Options | Help

) DEFAULT Ideal Nozzle

5 @ LOSS OF COOLING MIN AREA Inputs | Results | Charts | Toolbox | Notes | Data Sets

User List

ORMAL HEAT INPUT Cancel | Update| | Run

DEFAULT

ure TOLUENE . .
Specifications

el REACTOR_ABNORMAL HEAT INPUT Relief Conditions

Piping Layout DEFAULT Initial temperature 2 c Flow Phase
© Determine flow phase
Initial pressure
\ta DEFAULT 1L — O Vapor flow
Models (1) Initial flow velocity 0 e QO Liquid flow
» =4 DEFAULT Q Subcooled liquid flow
10132 bara
=+ EXTERNAL FIRE CASE ) Bumell non-equilibrium correction factor 0
@ Site DEFAULT O Two-phase flow
Mixture TOLUENE "
108 cm?
essel REACTOR_EXTERNAL FIRE CASE —_ .
Top Primary Piping Layout DEFAULT (O Use flow diameter to calculate flow area
Flow diameter 0.0371 =
® Project Data DEFAULT
Models (1) Discharge Co
Overall dischay ent 07
- LE e
- O usec arge coefficient
@ site DEFAULT
Mixture TOLUENE
Vessel REACTOR_CLOSED OUTLET (©) Advanced Options

Top Primary Piping Layout DEFAULT
(O specify mixture fractions
© Project Data DEFAULT
Models (1)

- Ideal Nozzle

Figure 24: SuperChems ldeal Nozzle model input requirements

In the flow phase section, different flow regimes can be selected for the simulation. In
this case, the determine flow case option is selected.
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Liquid Density Method Databank

VLE/PNT Method Equation of state

Flow Method Usze VdP

Initial State Vapor

Temperature 132.20 i
Pressure 1.80 bara
Initial flow velocity 0.00 mys
Ambient pressure 1.01 bara
Flow area 1.0B00E+01 cm?®
Flow diameter 3.7082E-02 m

Overall discharge coefficient 0.70

Final State Vapor

Discharge temperature 118.82 *C

Discharge pressure 1.06 bara Flow is Choked
Flow Pressure differential 0.74 bara

Mass flow rate 0.45 ka/s

Mass flux 0.06 ka/em/s

Velocity 191.61 m/s

Density 3.090 kg/m®

V / F molar ratio 1.0000

Flow impulse 199.91 M

Reaction force 90.47 N

rho*u*u 113,431.44 Pa

Upstream sound power level 120.08 dB

Upstream acoustic efficiency 0.0 % Carucci and Mueller
Downstream sound power Level 119.15 dB

Downstream acoustic efficiency 0.01 % Carucci and Mueller

Figure 25: SuperChems Ideal Nozzle model output data

A summary of the SuperChems ldeal Nozzle model input and output data is shown in
Figure 25. The output data gives information about discharge temperature and
pressure, flow pressure differential as well as mass flow rate and mass flux. The mass
flux rate can easily be compared with the results from TUV SUD’s calculations as Table
30 shows.

Table 30: Comparison of mass flux

TUV sUD
589 kg/(m?*s)

Parameter
Mass flux / capacity

SuperChems
600 kg/(m?2*s)

6.1.8.3 SuperChems — Ideal Nozzle conclusion

The ideal nozzle model is easy to implement and generates important output data
quickly. The model gives information about the flow regime as well as discharge
conditions and the mass flux through the nozzle. Therefore, an existing ERS can easily
be rated for suitability.
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6.1.9 SuperChems - Loss of cooling

The loss of cooling model describes the relief need generated by an exothermal
reaction once a cooling failure occurs. The implementation of reaction modelling in
SuperChems can only be done using kinetic data.

6.1.9.1 SuperChems — Loss of cooling scenario set up

To implement a chemical reaction in SuperChems, the reactive modelling options must
be selected in the main menu under the option tab as Figure 26 shows.

& SuperChems™ o e A

File | Define | Reports | BatchQ | Properties | Tools | QRA | Options | Help

& g g (-] Time Stamp. Piping Study Type
System Piping Layout  Reaction Model K o Input O confirm nput [ show Secondary piping Pressure Relief and Flare System [J Dynamic Flowsheet Simulation H
] [ ] Q A S Output [0 Show Tertiary piping 0] Consequence Modeling [ Quantitative Risk Analysis -
T e LTS [ Delete Output when Invalidated | | [ show Bottom piping Reactive Modeling [ an Save
Arrange By Global Limits Units PVT/VLE Options Preferences
_ O PIPING LAYOUT 01 CYCLOPENTADIENE DIMERISATION
2 Reactions + | Mixture | Toolbox
§ | » = DEFAULT
=l ! - CYCLOPENTADIENE DIMERISATION
e Description Enter a short description here
@ site DEFAULT
.
& Mixture CYCLOPENTADIEN "
% vessel REACTOR_LOSS OF COOLING Compounds
£ Top Primary Piping Layout PIPING LAYOUT_01 [ show heat calculation resuits (] View multipliers
! Reaction CYCLOPENTADIENE DIMERISATION Name Formula ID MW Reactant Stoic. Coef. Reactant Order Product Stoic. Coef, Product Order Reactant Mass Product Mass
-« Stream ) 20000 2000 0.0000 0.000
@ Project Data DEFAULT 00000 0000 1.0000 0.000
Models (1) Total 1322052 132.205
Details
Pre-exponential factor 9.39723E+05 m?*,s, kmol
Temperature exponent 0 K
Pressure exponent 0 bara®
Activation energy (E/R) 82992543 K
Rate expression B parameter 0 KA(1/3)
Rate expression C parameter 0 KA(2/3)
Upper bound 1E+38 kmol/s
O casphase
O reaction i
Ideal gas heat of reaction @298.15 K 4954 MJ/kg-mix
Ideal gas heat of reaction @298.15 K -1184135 keal/kg-mix

Figure 26: SuperChems reaction modelling menu

6.1.9.2 SuperChems — Loss of cooling conclusion

Reactive modelling in SuperChems is only possible using reaction kinetics. As Figure
26 shows, only very basic kinetic data can be entered. Kinetic data is available very
rarely and if kinetic data is available, the kinetic models are of higher order and more
complex than those used in SuperChems. The reaction shown above describes a
dimerization of cyclopentadiene. The kinetic model behind this reaction cannot be
implemented in SuperChems and therefore the results of the dynamic model are not
usable. Furthermore, catalytic reaction forces cannot be considered in SuperChems.
To be of use for TUV SUD, an implementation of VSP data is a must, which
SuperChems does not support.
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6.2 FlowNex

The following section describes briefly how to set up a flowsheet using FlowNex. Since
FlowNex only meets a few software requirement criteria, there will be no detailed
description for FlowNex.

6.2.1 FlowNex — Flow sheet creation and simulation

After starting the FlowNex software, the drawing page appears where the flowsheet
will be created. Using the drag and drop option of FlowNex, all the process units are
being dragged into the drawing page. The program connects most process units
automatically, other must be connected using “nodes”. Every process must have
boundary conditions (pressure and temperature at beginning/end).

BD&EE | 9 ¢ BPUMI
“ Home Insert Layout Configuration Results Wiews Import Scale Drawings Windows Settings Help
Properties > 8 X | %] Results Overview ' & Drawing Page(1) |
G344 H [@[B[e
node

\ P
T ‘ ——0
Pipe segment

boundary condition 9

X / | Pressure relief valve

")— > ¢\| two-phase tank |

Figure 27: FlowNex flowsheet

Once the flowsheet is created a steady state calculation can be performed using the
“solve steady state” button in the “home” menu. Dynamic simulations are being created
in the “action” menu where the user defines a parameter that needs action and the
respective action.

Action Tng. StopT Target Value ValueType
‘Abn. Heat 0 Never
' start of heat input 5 Never  {COMPONENT)Two Phase Tank - 24| |{Heat TransferjHeat input 60 CONSTANT  [kW]
inlet quality 0 Never {COMPONENT)Boundary Condition - 20| |{Boundary Conditions}Qualty bou.. Not specified
inlet pressure 0 Never {COMPONENT)Boundary Condition - 20 |{Boundary Conditions}Pressure bo.. Not specified
stop of heat input 600 Never [COMPONENT)Two Phase Tank - 24| |{Heat TransferjHeat input 0 CONSTANT  [kW]
outlet quality 0 Never {COMPONENT)Boundary Condition - 21| [{Boundary Conditions}Quality bou.. Not specified

Figure 28: FlowNex "action menu"

Figure 28 shows the FlowNex action menu to simulate a relief scenario. In this
example, the heat input of 60kW was chosen to be active from t = 5s to t= 600s. Also,
the inlet pressure and quality were set to change over time (value is “not specified”).
The heat input specified in the action menu shall simulate an external fire case with a
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heat load of 60kW. This is not a realistic value but was chosen to trigger a viewable
reaction in FlowNex. The charts regarding this scenario can be viewed in Figure 29.

Vesel pressure [ba Temperature [C] PRV mass flow [kg/s|

=
e 2 B 82 FF 28 2

L1

essel level

0.8
05 -9E-06
P
. -1.5E-05
1.86-05
2.1E-05
2.46-05
5

Figure 29: FlowNex dynamic charts

Dynamic charts can easily be created by clicking on the parameters to be plotted and
dragging it into a line graph. The vessel pressure chart on the top left shows the
pressure curve due to the external heating as specified in the action menu (Figure 29).
After the set pressure is reached the valve opens and closes, once the pressure is
below set pressure. Other charts show the vessel temperature (top middle), the mass
flow through the opened pressure relief valve (top right), if the valve is open (bottom
left), the liquid level inside the vessel (bottom middle) and the calculated pressure drop
in the pipe (bottom right).

6.2.2 FlowNex — conclusion

FlowNex is not capable of doing steady state sizing calculations regarding the 1SO or
API norms since it was not invented to fulfill that purpose. Flowsheet creation can be
done intuitively, and the creation of charts can be done by dragging the respective
parameter into a line graph. This way diagrams can be easily created to visualize the
simulation. FlowNex is a code-based simulation software than can be extended by the
user. With deep programming knowledge, sizing calculation processes could be
programmed and implemented in the software. In addition to a rather small chemical
database, chemical runaway reactions cannot be simulated using FlowNex.
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6.3 ChemCad / SafetyNet

The following section gives a brief introduction on how to set up steady state and
dynamic relief scenarios in ChemCad.

6.3.1 ChemCad - Flow sheet relief device sizing

Open ChemCad

Create a new
simulation
file

et engineering
units

Select components

Choose
thermodynamic
model

Enter process
boundaries

Select sizing Start relief device Enter vessel and
model sizing relief data

Figure 30: ChemCad flowsheet relief sizing model implementation
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6.3.2 ChemCad — Basic sizing procedure

After opening the ChemCad program, the engineering units must be selected under
the “home — engineering units” tab. It is possible to create a user specific profile. In this
case, the units were adapted to fit TUV SUD’s project units. Units can also be changed
into English units, common Sl-units, formal Sl-units or the metric units’ systems.
Afterwards, the components must be selected under the “home — select components”
tab. The components are selected from the ChemCad components database. Also,
own databases can be created and used in ChemCad.

The next step is the selection of a thermodynamical model. ChemCad suggests a
thermodynamical model based on minimum and maximum process temperature and
pressure which are entered by the user. For single component systems, the
thermodynamical model will be the ideal vapor model. The choice of a
thermodynamical model for mixtures depends on binary interaction parameters (BIP).
Depending on the BIPS available for the components, ChemCad normally chooses
between the NRTL and the UNIFAC model. Detailed information about the NRTL and
UNIFAC models can be reviewed in the literature. (Bruce E. Poling, 2000, p. 8.75)

After selecting the thermodynamical models, a feed and product stream must be
created using the drag and drop option of ChemCad. By clicking on the “sizing” tab,
the relief device sizing can be started by entering the vessel geometrical data and relief
conditions. For a relief device sizing, the “use calculated size only” option must be
selected for the calculation. In the next step, the sizing model must be chosen by
selecting the design method (short cut or rigorous integral) and the latent heat option
(average or rigorous values) as well as the vessel flow model (bubbly, churn-turbulent
or homogenous). For a basic relief device sizing, the information provided is sufficient.

Additionally, piping information can be entered in the “inlet/outlet piping” section. By
clicking on “ok” the sizing calculations are performed.
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Relief Device Sizing for Stream 1

Device type: Relief walve

Valve type: Conventional valwve

Vent model: HEM (Homogeneous Equilibrium Model
Wessel model: Bubbly model

Design model: Specify heat rate

Specified heat rate: €.67 kJ/sec
Design, Pressure wvessels.

Rigorous integral analysis used for design case.
Vertical vessel

Head type: Flat

Head K factor (dpth / E): Q

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.49% m
Vessel volume: 0.1432 m3
Liguid lewvel: 0.34 m
Initial wvapor volume fraction: 0.30612

Height above ground: 0m

Fluid properties:

Vapor mass: 0.23631 kg
Liguid mass: T75.026 kg
Vapor density: 5.3907 kg/m3
Liguid density: 755.07 kg/m3
Surface tension: 0.015687 N/m
Liguid wiscosity: 0.000159485 N-3/m2
Vapor Z factor: 0.94879

Cp/Cwv: 1.0817

Vapor MW 92.141
Ligquid heat capacity: 2.0968 kJ/kg-K
Latent heat: 346.26 kJ/ kg

Relief device analysis:

Set pressure: 1.8 bar
Back pressure: 1.0132 bar
% Overpressure 10
Temperature: 133.91 C

Discharge coefficient: a.7

CO radial distribution parameter: 1.2

* Pb/Pmax > 0.5 for conventional valve.

Kb Backpressure corr. factor: 0.99337

Heat rate: 6.67 kJ/sec
Vent area based on all vapor vent is used.

Calculated nozzle area: 0.44033 cm2
Rate based on area: 0.44033 cm2
Calculated vent rate 0.019244 kg/sec
Calc critical rate 0.015244 kg/sec
Calc critical press 1.1057 bar
Nozzle inlet wvap. mass fractiom: 1

Device inlet density: 5.3907 kg/m3
Nozzle inlet wvap. vol. fractiom: 1

Figure 31: Basic sizing output data

Figure 31 shows the output data of the basic sizing procedure using a specified user
heat input. The report summarizes all the input data and the calculated output data
such as calculated nozzle area, calculated vent rate, critical rate and pressure, relief
stream quality and density.

6.3.3 ChemCad — External fire (dynamic method)

For a dynamic simulation of the external fire case a flowsheet consisting of a dynamic
vessel must be created. Using the drag and drop option of ChemCad, the dynamic
vessel is placed on the drawing sheet. By right-clicking on the “dynamic vessel”
symbol, a vertical dynamic vessel with relief valve can be chosen and dragged into the
flowsheet. Also, one feed as well as three product streams must be created. One
product stream represents the vapor outlet stream on top of the vessel, one stream
represents the liquid outlet stream on the vessel bottom and the third and last stream
represents the vent stream through the safety valve.

The feed and product streams are connected with the dynamic vessel by clicking on
the red dot and dragging it to the blue dot on the vessel. The auto-hold function of
ChemCad displays an anchor if the stream and the vessel are connected properly.
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Figure 32: Flowsheet of the external fire case (dynamic method)

If a closed vessel shall be simulated, the outgoing streams for vapor and liquid are set
to zero, so that no flow leaves the vessel. For the external fire case, the inlet and
charge stream of the vessel must be specified. A stream is specified by temperature,
pressure, and vapor fraction. Two of the named properties must be set to flash the
missing property.

After selecting the dynamic option in ChemCad, the run time and the streams to be
recorded must be specified for detailed dynamic stream tracking. Vessel and relief data
must be inputted in the next step. By double-clicking on the vessel symbol in the
workspace, the dynamic vessel menu opens and geometrical data as well as the vessel
thermal mode must be entered. Also, output flow and relief device information obtained
from the basic sizing procedure must be entered within the dynamic vessel menu. The
dynamic simulation can now be run by clicking on the “run” button. Dynamic output
data mainly consist of a pressure curve, but also other curves can be created within in
the dynamic stream menu.

6.3.4 ChemCad — External fire (dynamic method) output data

Equipment 1 Dynamic Chart

LI e e e e S e A B B B LIS s B B B
240 480 720 960 1200 1440 1680 1920 21.60 2400 2640 2880 3120 3360 3600 3B.40 4080 4320 4560 4600 50.40 5280 5520 57.60 6000 6240 6480 6720 69.60 7200 74.40 7680 79.20 BLEQ 8400

Figure 33: Dynamic sizing output data
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Figure 33 shows the dynamically tracked pressure and level of the vessel during the
relief scenario. The pressure rises due to the heat input until the set pressure (+10%)
is reached. Afterwards, the relief valve opens and the level sinks due to the venting
process (see box in Figure 33). Once the vessel level is almost empty, the valve opens
and closes several times (see the end of the curve). After the vessel is completely
empty, the valve stays closed, and the simulation stops.

‘ Simulation: External Fire Case

STREAM PROPERTIES

Stream NHo. 3 4 € T
Name Vent Inlet Lig out WVap_out
- - Overall - -

Molar flow kmol/sec 0.0000 0.0000 0.0000 0.0000
Mass flow kg/sec 0.0000 0.0000 0.0000 0.0000
Temp C 8434.2715 25.0000 8433.5967 8433.59687
Pres bar 1.0130 1.0130 0.5264 0.5264
Vapor mole fraction 1.000 0.0000 0.0000 1.000
Enth kJ/sec 3.4686E-008 1.3204E-010 0.00000 7.962Z1E-010
Ic C 318.6400 318.6400 0.0000 318.6400
Pc bar 41.0800 41.0800 0.0000 41.0800
5td. sp gr. wtr = 1 0.872 0.872 0.000 0.872
5td. sp gr. air =1 3.181 3.181 0.000 3.181
Degree API 30.8079 30.8079 0.0000 30.807%
Average mol wt 9z.1410 92.1410 0.0000 92.1410
Bectual dens kg/m3 0.1289 863.9382 0.0000 0.0670
Bctual vol m3/h 0.0000 0.0000 0.0000 0.0000
5td lig m3/h 0.0000 0.0000 0.0000 0.0000
5td vap 0 C m3/h 0.0000 0.0000 0.0000 0.0000
- - Vapor only - -

Molar flow kmol/sec 0.0000 0.0000
Mass flow kg/fsec 0.0000 0.0000
Average mol wt ©2.1410 ©2.1410
Actual dens kg/m3 0.1238 0.0670
Actual vol m3/h 0.0000 0.0000
Std 1lig m3/h 0.0000 0.0000
5td vap 0 C m3/h 0.0000 0.0000
Cp kJ/kg-K 3.7214 3.7214
Z factor 1.0000 1.0000
Visc N-s/m2 7.433e-005 7.433e-005
Th cond W/m-K 2.2601 2.2599
- - Liquid only - -

Molar flow kmol/sec 0.0000 0.0000

Mass flow kg/sec 0.0000 0.0000

Average mol Wt 92.1410

Actual dens kg/m3 B63.9382

Actual vol m3/h 0.0000

Std 1lig m3/h 0.0000

5td vap 0 C m3/h 0.0000

Cp kJ/kg-KE 1.6979

Z factor 0.0049

Visc N-s/m2 0.0005543

Th cond W/m-K 0.1323

Surf. tens. N/m 0.0279

Flow rates in kg/sec
Toluene 0.0000 0.0000 0.0000 0.0000

Figure 34: Dynamic simulation stream properties - external fire case

In addition to the dynamic curve, ChemCad outputs a stream properties report of the
individual streams (Figure 34).

6.3.5 ChemCad — Maximum heating case (dynamic method with piping)

This section gives an overview on how to set up a dynamic simulation in ChemCad.
For a more detailed documentation including screenshots of every step, see appendix
section 9.2.

For the simulation of the maximum heating case with the dynamic method in
ChemcCad, an additional utility stream must be created and connected to the existing
flowsheet. Figure 35 shows the flowsheet for the maximum heating case (dynamic
method) with the additional utility stream. To also account for pressure losses in the
relief piping path, a vent piping was created within the flowsheet for the maximum
heating case. The piping is being created using the drag and drop option of ChemCad.
Bends and fittings are being added by double-clicking on the pipe segment. In the
piping menu, the fittings can be added.
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Figure 35: Flowsheet maximum heating case with utility steam (dynamic method)

The additional utility stream represents the heating medium. In this case, water is
chosen as the heating medium and the temperature is set to fit the values provided by
TUV SUD (gmax heating=31 kW). Afterwards, the vessels thermal mode must be changed
to “flash with UA & utility” in the vessel menu and the values for heat transfer coefficient
and area must be provided (see Table 23). Also, the relief device parameters must be
adapted to the maximum heating case within the relief device tab in the dynamic vessel
menu (relief device area must be changed to the respective value). Afterwards, the
dynamic simulation can be run. For a more detailed documentation for the maximum
heating case see appendix section 10.2.10.

6.3.6 ChemCad — Maximum heating case (dynamic method) output data

%aﬁh W

B

e o

Figure 36: Maximum heating case pressure and level curve (dynamic method with piping)

The pressure rises due to the heat input caused by the heating medium. Once the set
pressure is reached, the safety valve opens and the pressure decreases. Since there
is still a heat input, the vessel pressure rises and the valve opens again. This happens
until the vessel is completely empty as the box in the graph highlights.
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Figure 37: Maximum heating case pressure drop curve (dynamic method with piping)

Figure 37 shows the pressure loss of the relief piping path downstream of the safety
valve. The alternating values for the pressure drop result from the opening and closing
of the safety valve. Once the piping is created and the stream is being tracked, the
pressure loss can easily be displayed in a curve. Also, all curves can be exported to
MS Excel for further use.

6.3.7 ChemCad — Dynamic methods conclusion

Once the user knows its way around the software, ChemCad can be used to simulate
any kind of process not limited to emergency relief sizing. Dynamic simulations can be
visualized quite easily in the dynamic mode of ChemCad. The user decides what kind
of streams or utilities shall be plotted. This way, an overload of plots can be avoided.
Also, the curves to be plotted are created dynamically. This makes it possible for the
user to evaluate the relief scenario during simulation.

6.3.8 ChemCad — External fire case (steady state)

To compare the different software used in this thesis, the same reactor data and relief
parameters are used as listed in Table 23 and Table 24.
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6.3.8.1 ChemCad — External fire case scenario set up

To simulate the external fire case in ChemCad, toluene is selected as the only
compound. Afterwards, ChemCad automatically sets the thermodynamical model to
the ideal vapor model and the enthalpy model is set to latent heat. A feed and product
arrow must be created and connected with a stream using the drag and drop option of
ChemCad. After clicking on the “relief device” sizing tab, vessel and relief device data

must be entered as in Figure 38.

Vessel | Mol Selection Iriet/Dulet Piping Repoiting Fhuid Propeties
Vessel Camposition
Device lype Fielef valve v
Steammumber [T |
Reliet valve ype | Conventional -
Mods Design Pressure vessel “ | alve selection Use calculated size only v
Vessel Beomely
Wessel Type Vertical vessel ~ Discharge cosff 07
Diameter G m Iritial Condtion:
Cylinde length 043 m Liquid level 034 "
12008
Top head typs Same as bollom head type v
Sel pressure 8 bar
op ead depin =0 Back pressue 101325 bar
Eevaton " B w
Help Cancel oK

S g -

Figure 38: Relief device menu: vessel data

Under the “model selection” tab, the design method, latent heat option, vessel model,
vent flow model and heat model are selected. For a quick sizing calculation, the
“specify heat rate” heat model is chosen, and the respective heat rate is entered. In
this case, the external fire heat rate is 6.67 kW as in Figure 39.

X

=¥ DIERS for Relief Device Sizing -
Vessel | Model Selection Inlet/Outlet Piping Reporting | Fluid Properties |
Design method Rigorous integral analysis Heat Model— Specify heat rate v
Latent heat aption Rigorous minimum value
Vessel model Bubbly v
Co 1.2
WVent flow model HEM [Homogeneous Equilibrium ~
Vent flash mode Constant H .
¥ Ignore all-vapor case
lv Adequate fire facilities exist Ffactor 0.04
i B.67
[~ Capacity certification required Additional heat rate klisec
Liquid relief only: Wapor relief only:
o | I
Kw
Ky
Help Cancel | oK |

Figure 39: Relief device menu - model selection menu

Since no piping is involved in this step, the calculation can be run by clicking the “ok”
button.
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6.3.8.2 ChemCad — External fire case output data

ChemCad creates a sizing report as output with a summary of all the input and the
calculated output information (Figure 40).

Relief Device Sizing for Stream 1

Device type: Relief wvalve

Valve type: Conventional wvalwve

Vent model: HEM (Homogeneous Equilibrium Model)
Vessel model: Bubkly model

Design model: Specify heat rate

Specified heat rate: 6.67 kJ/sec
Design, Pressure wessels.

Rigorous integral analysis used for design case.
Vertical vessel

Head type: Flat

Head K factor (dpth / R): 4]

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.4% m
Vessel volume: 0.1432 m3
Liquid level: 0.34 m
Initial vapor volume fraction: 0.30612

Height above ground: 0 m

Fluid properties:

Vapor mass: 0.23631 kg
Liguid mass: 75.026 kg
Vapor density: 5.3907 kg/m3
Liguid density: T55.07 kg/m3
Surface tension: 0.015687 N/m
Liguid wiscosity: 0.00019485 N-s/m2
Vapor Z factor: 0.94879

Cp/Cv: 1.0817

Vapor MW 52.141

Liquid heat capacity: 2.0968 kJ/kg-K
Latent heat: 346.26 kJ/kg

Relief device analysis:

Set pressure: 1.8 bar
Back pressure: 1.0132 bar

% Overpressure 10
Temperature: 133.91 C
Discharge coefficient: 0.7

C0 radial distribution parameter: 1.2

* Pb/Pmax > 0.5 for conventional valve.

Fk Backpressure corr. factor: 0.99337

Heat rate: 6.67 kJ/sec

Vent area based on all vapor vent is used.

Calculated nozzle area: 0.44033 cm2
Rate based on area: 0.44033 cmz2
Calculated wvent rate 0.019244 kg/sec
Calc critical rate 0.019244 kg/sec
Calc critical press 1.1057 bar
Hozzle inlet wap. mass fraction: 1

Device inlet density: 5.3907 kg/m3
Nozzle inlet wap. vol. fraction: 1

Figure 40: ChemCad external fire output data

Furthermore, the compositions of the stream are being displayed in the output report.

Relief Device Outlet Compositions

Stream No. 10104 10105
Name Total Vapor
- - Overall - -
Molar flow kmol/sec
Mass flow kg/sec
Temp C

Pres bar

Vapor mole fraction
Enth kJ/sec

Tc C

Pc bar

Std. sp gr. WwWtr =
S5td. sp gr. air =

0.00¢

Degree API 30.
Average mol wt 2.
Actual dens kg/m3 2.
Actual vol m3/h 24.
S5td ligq m3/h 0.
S5td vap 0 C m3/h 16

Figure 41: Relief device outlet composition - external fire case
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Vessel Pressure with Relief Area  0.4403 cm2
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Figure 42: ChemCad external fire pressure curve output

Output data includes relief temperature, calculated nozzle area and vent rate, critical
flow rate and pressure as well as device inlet density and relief device stream
composition. Also, a pressure curve is being generated.

Table 31: comparison of sizing results — external fire case

Parameter TOV sUD ChemCad
Discharge rate 0.02 kg/s 0.019244 kg/s
Required relief area 0.47 cm? 0.44033 cm?

With small deviations, the results are comparable to the results from TUV SUD.
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6.3.8.3 ChemCad — External fire case conclusion

ChemCad is a capable of doing all sorts of process simulations and relief device sizing
is only a small part of it. ChemCad is suitable to do quick sizing calculations with little
program knowledge necessary. Nevertheless, not all the work can be done by the
program. The heat rate must be calculated beforehand. If the heat rate is known, the
calculation can be done quickly. The result layer is constructed simply and is easy to
understand. Also, the results of the sizing calculation are equal (or at least very close)
to the hand-calculations done by TUV SUD.

6.3.9 ChemCad — Maximum heating case (steady state)

To simulate the maximum heating case in steady state, the same input information is
being entered in the respective menu. Only the heat rate and the vessel model are
changed to the new value (in this example 31 kW) and the new vessel model (churn-
turbulent).

6.3.9.1 ChemCad — Maximum heating case scenario set up

For the calculation of the relief area for the maximum heating case, a new feed and
product arrow is created and connected with a stream using the drag and drop option
of ChemCad. The steps for the external fire case are being repeated since the same
vessel is used. The respective changes are being made under the “model selection”
tab as seen in Figure 43.

=

Vesze| Madel Selection Inlet/Dutlet Piping Feporting Fluid Properties

Dresign method Rigorous integral analysis Heat Model— Specify heat rate w

Latent heat option Rigorous minimum walue -

Weszel model Churn-turbulent w
‘Went flow model HEM [Homogeneous E quilibrium ~

Yent flash made Constant H ~

¥ lgnore all-vapor case

W Adequate fire faciities exist Ffactor |[0.04
it il
[~ Capacity certification required odiicalbeatlale kl/sec

Liquid relief only: Wapor relief anly:

to b

Help Cancel ‘ ar ‘

=]

>
g

(k]

Figure 43: Maximum heating case - model selection menu
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6.3.9.2 ChemCad — Maximum heating case output data

For every calculation, ChemCad creates a new report summarizing all the input and
output information.

Relief Device Sizing for Stream 2

Device type: Relief walve

Valve type: Conventional walve

Vent model: HEM (Homogeneous Equilibrium Model)
Vessel model: Churn turbulent model

Design model: Specify heat rate

Specified heat rate: 31 kJ/sec
Design, Pressure vessels.

Rigorous integral analysis used for design case.
Vertical vessel

Head type: Flat

Head K factor (dpth [ R): ]

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.4% m
Vessel wvolume: 0.1432 m3
Liguid level: 0.34 m
Initial wvapor volume fraction: 0.30612

Height above ground: 0 m

Fluid properties:

Vapor mass: 0.23631 kg
Liguid mass: 75.026 kg
Vapor density: 5.35907 kg/m3
Liguid density: 755.07 kg/m3
Surface tension: 0.015687 N/m
Liguid wviscosity: 0.00015485 N-s/m2
Vapor Z factor: 0.94879
Cp/Cw: 1.0817

Vapor MW ©2.141
Liguid heat capacity: 2.0968 kJ/kg-K
Latent heat: 346.26 kJ/kg

Relief device analysis:

Set pressure: 1.8 bar
Back pressure: 1.0132 bar

% Overpressure 10
Temperature: 133.91 C
Discharge coefficient: 0.7

CO radial distribution parameter: 1.5

* Pb/Pmax > 0.5 for conventional valve.

Kb Backpressure corr. factor: 0.99337

Heat rate: 31 kJ/sec

Vent area based on all vapor vent is used.

Calculated nozzle aresa: 2.0465 cm2
Rate based on area: 2.0465 cm2
Calculated vent rate 0.089438 kg/sec
Calc critical rate 0.089438 kg/sec
Calc critical press 1.1057 bar
Nozzle inlet vap. mass fraction: 1
Device inlet density: 5.3907 kg/m3
Nozzle inlet vap. vol. fraction: 1

Figure 44: Maximum heating case output data

Also, the relief device outlet stream composition is being displayed in the report.

Relief Dewvice Qutlet Compositions

Stream No. 10104 10105
Hame Total Vapor
- = Overall - -

Molar flow kmol/sec 0.0010 0.0010
Mass flow kg/sec 0.0894 0.0894
Temp C 131.6579 131.657¢9
Pres bar 1.0132 1.0132
Vapor mole fraction 1.000 1.000
Enth kJ/sec 61.125 €1.125
Tc C 318.6400 318.6400
Pc bar 41.0800 41.0800
S5td. sp gr. wtr = 1 0.872 0.872
5td., sp gr. air =1 3.181 3.181
Degree API 30.807% 30.8079
Average mol wt 92.1410 %2.1410
Actual dens kg/m3 2.8522 2.8522
Actual vol m3/h 112.8864 112.8864
S5td 1ligq m3/h 0.3693 0.3693
S5td vap 0 C m3/h 78.3221 78.3221

Figure 45: relief device outlet composition - maximum heating case

58



HAW
HAMBURG

Vessel Pressure with Relief Area 2.047 cm2
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Figure 46: Maximum heating case pressure curve output

Table 32: comparison of sizing results - maximum heating case

Parameter TOV sUD ChemCad
Discharge rate 0.09 kg/s 0.089438 kg/s
Required relief area 2.19 cm? 2.0465 cm?

As listed in Table 32, the results are comparable with only small deviations.

6.3.9.3 ChemCad — Maximum heating case conclusion

As in the external fire case simulation, not all the work can be done by ChemCad. The
user must provide certain information. For example, the heat rate must be entered by
the user. If all information needed is available, ChemCad provides a simple and fast
way to do steady state sizing calculations for cases with a known heat rate. Maximum
heating scenarios where heat exchange area and heat transfer coefficients shall be
considered cannot be calculated in steady state. The creation of the dynamic flowsheet
requires deeper software knowledge.

6.3.10 ChemCad - Adiabatic runaway reaction (steady state)

Within the steady state simulations, ChemCad also has a sizing option for an adiabatic
runaway reaction. Only input information is the temperature increase rate at set
pressure and at maximum pressure (psett10%). No additional reaction data is needed.
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6.3.10.1 ChemcCad — Adiabatic runaway reaction output data

Relief Device Sizing for Stream 1

Device type: Relief valve

Valve type: Balanced valve

Vent model: HEM (Homogeneous Equilibrium Model)
Vessel model: Homogeneous vessel model

Design model: Tempered runaway reaction
Design, Pressure vessels.

Vertical wvessel

Head type: Flat

Head K factor (dpth / R): Q

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.45 m
Vessel volume: 0.1432 m3
Liquid level: 0.34 m
Initial vapor volume fraction: 0.30612

Height above ground: 0m

Fluid properties:

Vapor mass: 0.77985 kg
Ligquid mass: 60.982 kg
Vapor density: 17.791 kg/m3
Liquid density: €13.73 kg/m3
Surface tension: 0.008029 N/m
Ligquid wiscosity: 0.00014938 N-3/m2
Vapor Z factor: 0.87571

Cp/Cv: 1.,1144

Vapor MW 80.7&

Liquid heat capacity: 2.6985 kJ/kg-K
Latent heat: 360.96 kJ/kg

Relief device analysis:

Set pressure: 1.3 bar
Back pressure: 1.0132 bar
% Overpressure €00
Temperature: 133.38 C
Discharge coefficient: 0.953

CO radial distribution parameter: 1.5

Kb Backpressure corr. factor: 1
dT/dt rate of T rise at Pset E/s: 0.0066667
dr/dt rate of T rise at P E/fs: 0.727
Length/Diameter of pipe: o

Calculated nozzle area:
Rate based on area:
Calculated vent rate
Calc critical rate
Calc critical press
Nozzle inlet vap. mass fraction: 0.012627
Device inlet density: 431.3 kg/m3
Nozzle inlet vap. vol. fraction: 0.30612

Figure 47: Adiabatic runaway output data

As for all basic sizing methods in ChemCad, the results can be seen in Figure 47
including calculated nozzle area, vent rate, critical pressure and critical rate, vapor
quality and density. Furthermore, ChemCad outputs the relief device outlet
compositions (Figure 48).

Relief Dewvice Cutlet Compositions

Stream No. 100 101 102
Hame Total Vapor Liguid
- — Overall - -

Molar flow kmol/sec 0.0026 0.0012 0.0014
Mass flow kg/sec 0.1879 0.0951 0.0927
Temp C 65.4540 65.4540 65.4540
Pres bar 1.0132 1.0132 1.0132
Vapor mole fraction 0.4449 1.000 0.0000
Enth kJ/sec -748.81 -318.50 —-430.42
Tc C 232.0785 226.6430 237.8787
Pc bar 45.6162 43.1661 48.2221
Std. sp gr. wtr =1 0.756 0.74%8 0.764
Sctd. sp gr. air =1 2.4%0 2.534 2.214
Degres API 55.546%9 57.38%¢6 53.6565
hverage mol WT T72.1167 82.0907 64.1241
Actual dens kg/m3 5.5995%9 3.0489 710.7956
Actual vol m3/h 112.8140 112.3442 0.4697
Std lig m3/h 0.53942 0.4572 0.436%9
Std vap 0 C m3/h 210.2300 83.52z1 116.7080

Figure 48: Adiabatic runaway relief device outlet compositions

6.3.10.2 ChemcCad — Adiabatic runaway reaction conclusion

The sizing calculations done by TUV SUD are done with the temperature increase rate
at maximum allowed working pressure (and not at set pressure). To compare the
results with those from the adiabatic runaway reaction in ChemCad, the values from
TUV SUD must be recalculated at set pressure. Since no further information about the
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chemical reaction is needed, the results are not quite descriptive for the case. There is
no additional fire simulation possible within the adiabatic runaway reaction sizing and
the heat rate used for calculation is not visible in the results report. Also, the size of the
relief area does not change for different flow models.

6.4 ProSar
6.4.1 ProSar — Safety valve sizing
-Q& Safety Valve: Sizing ®
@ Vessel & Relief Lines & Description

Rede petature 1 © v

d back presture P bar(g) v
Nozzle type Q@ reemaledged v
Pprg matenal Stainkess stecl v
nesr dameter inket dne gy

o dameter outiet ine d;

Maxirrum edet length

outlet length

@ Performance data 7
Manufacturer v Al v
Certification / sizing equation  DGRL/ISO 4126 v
Mass/volume flow rate to be discharged  Qmout ka/h v
Certified mass/volume flow rate (Valve
capacity) Qmsv
Minimum required discharge area (Kd* Ag)req
Capacity ratio of the valve Qmrsv / Qmout

@ Fluid A
@ Property data base Custom defined substance
Fluid Name, Chem. Formular, CAS-No
Fluid phase
@ Fluid A
Property data base @ Custom defined substance
Phase / gaseous v
Molar mass M kg/kmol ~
Specific heat capacity Cp kJ/(kg*K) ~
Compressibility factor z
Density Po

Figure 49: ProSar input menu
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To do sizing calculations using ProSar, the user must provide data on the vessel and
relief line, the norm that shall be used for sizing, the mass flow to be discharged as
well as the fluid definition.

6.4.2 ProSar — Safety valve sizing output data

Calculation standard S0 4126

T 132 (
g pressure I s bar(q)
Q 1 kg
Piping matenal sainles
Superimposed back pressure [ bar(q)
Vaive senes GOETZE 461
Nominal diameter (infet - outiet DIN
x N DN
flange
Nominal pressure (Inlet - cutlet) DIN ORI 8
PNI00 PN100
flange
p bar{g
X 8 U,\"gu
P 12 bar(g
p bar(g)
Pressuwre ratio /P 053513
Capacity ratio of the valve Q.. .
: 126.6
Q
Effective discharge area required (Ky 2
- - mm-
Discharge area choses A 785 mm?
Seat dlameter d- 10 mm
Discharge capacity (pressure loss Qu,= 0.025 ka/s
ca n)
Dischargeable massflow Q ).027 ka/s
Centified discharge coefficient ligud Ky 047
valve)
Centified discharge coefficient gaseous i o
valve

Figure 50: ProSar valve sizing report

ProSar generates a sizing report consisting of an overview of the input data, the safety
valve type and detailed safety valve parameters. Furthermore, the report consists of
corrected discharge coefficients, important fluid properties, geometrical data regarding
the vessel and relief line as well as comments on critical flow.
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@ Corrected discharge coefficient

Certified discharge coefficient Ko 0.618

Daschange coefficient Ky 0.687

Back pressure dependency (gas) Vs
considered

@ Fluid properties (discharge conditions)

Name Acetong
CAS registry number 67-64-1
Fluid phase gaseous
Molecular mass M 0.05308 kg/maol
Isentropic exponent K 1.119

Real gas factor z 0.962

Density fo 3.393 kg/m?
Reduced pressure P 0.04028

Reduced termperature Trad 0.8

@ ‘essel & Relief Lines

Nozzie type normal edged
Inner diameter inlef ' 0073 m
Inlet length L 0.6 m
Relative indet pressure loss 3

Minar loss coefficient inlet line 8 1.15885

Inner dameter outlet ds 0.0173 m
Duthet length L3 27 m
Relative back pressure 15

Minor loss coefficient outlet line T2 437176

Sound power level P, 50.28823 o6
Reaction foroe F 454353 N

@ Detais

Critical flow safety valve Mo
Critical flow at end of outlet line Mo
Recommendation: heating Mo
Recommendation: bellow [
Recommendation: friction damper Mo

Figure 51: ProSar valve sizing report

6.4.3 ProSar — Safety valve sizing conclusion

With ProSar the Center of Safety Excellence provides a fast-sizing tool once the mass
flow to be discharged is known. The calculation of the mass flow is an essential and
elaborate part of the sizing-process and must be done by the software to be of value
for TUV SUD.
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7 Discussion

7.1 Overview

According to the outcome of this thesis, the perfect software to satisfy all TUV SUD’s
needs does not exist — yet. Before applying all software, SuperChems seemed to be
the top player. But drawbacks in the isometric drawings of relief lines and non-existing
European valve manufacturer databases as well as European sizing norms gave
another impression. Furthermore, SuperChems requires some dedication from the
user to be able to fully handle the program since there was no satisfying support for
SuperChems.

FlowNex provides a great range of simulation opportunities and with the help of the
support, there was a (more or less complex) solution for most problems. Even if the
program is not designed to do special sizing calculations and simulations, its code can
always be adapted to do so. Unfortunately, FlowNex was not invented to do emergency
relief sizing calculations and the given alternatives were too complex for beginners to
handle in that short amount of time. Even with those alternatives, an actual sizing of
relief devices according to ISO 4126-10 and/or API 510 is not possible.

ChemCad/SafetyNet seemed to be the next top player for relief device sizing
calculation since it provides a fast, intuitive way to do steady state sizing calculations
according to API 520 norm. Unfortunately, the program does not take the European
norms or safety valve manufacturers into account. With the help of the support team,
the two-week trial was stressful but sufficient to deal with most problems and to
evaluate the software.

After some drawbacks, ProSar, a newly invented web-based sizing tool, came into
view. The major drawback concerning ProSar is that the user must provide the mass
flow to be discharged through the safety valve, which is basically the main work of the
whole sizing process.

7.2 SuperChems

SuperChems is an American software and was programmed to fit the American market
needs. As the requirements evaluation shows, SuperChems seems to be covering a
lot of these criteria. An advantage of SuperChems is the new visual software surface
makes sizing for beginners easier in comparison to the classic layout. SuperChems
strength lies in the models provided for the sizing and rating of emergency relief
systems according to the API 520 norm. The user input required to do these
calculations are equal to those needed in the API 520 norm. Another strength is the
possibility to draw the relief piping path using MS Visio. This provides a simple way of
constructing the relief piping path and overall a simple way to do sizing calculations.
Also, running a dynamic simulation of created scenarios is easy and therefore a
strength of SuperChems. The dynamic simulation models provide a variety of
visualized charts for the rating of the used system.

One of SuperChems weaknesses are the missing European norms and European
safety valve databases. With the use of MS Visio, relief piping can easily be dragged
and dropped into the flowsheet but these drawing are no actual isometric piping layouts
since elbows, bends, and tees are not visualized in the technical drawing of the relief
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piping. Another weakness is the first impression of the user interface. To be able to
use SuperChems effectively, the user needs a training beforehand since it is not
possible to use the software intuitively with the use of the help section.

Since a significant part of TUV SUD Process Safety’s customers are from Europe, the
sizing using European norms like the ISO 4126-10 is essential. Also, a European safety
valve manufacturer database would be of great help. SuperChems cannot provide
these essential requirements. Furthermore, to use SuperChems properly, a training is
necessary to fully understand what the program does. Unfortunately, the help section
and the support team of SuperChems where not helpful during the duration of this
thesis.

7.3 FlowNex

FlowNex strength lies in the opportunities to do all kinds of process simulations.
Another strength is a highly motivated support team and a very supportive help section.
But as the requirements evaluation in section 5.2.1 shows, it does not cover enough
evaluation criteria which is a significant drawback. The program was not invented to fit
the special needs of TUV SUD regarding the relief device sizing process. Even with
the constant help of the FlowNex support team, some major points including sizing
according to European norm ISO 4126-10 could not be sorted out which is a great
weakness of the program regarding the requirements.

7.4 ChemCad/SafetyNet

As the requirements evaluation in chapter 5 shows, ChemCad SafetyNet covers a
significant amount of the pre-defined evaluation criteria. ChemCads strength lies in
quick state sizing calculations and a highly sophisticated dynamic thermodynamical
simulation tool. The dynamic part needs a little more user commitment to fully take
advantage of. One drawback is that ChemCad does not provide a pressure relief
device manufacturer database and the sizing calculations are only possible regarding
the API 520 norm. Since for TUV SUD it is also important to simulate and calculate
dynamic scenarios including chemical runaway reactions, the SafetyNet tool is not the
right choice for TUV SUD. To be fully of use, the complete ChemCad program must
be purchased. Still then, reactions must be described using reaction kinetics and the
sizing will still be done regarding American norms only, which is another drawback.
Another significant strength is the ChemCads help section and its support team.

7.5 ProSar

The strength of ProSar is, that it is a web-based sizing tool for quick sizing calculations.
As the only program evaluated it accounts for the ISO 4126-10 which also is its greatest
strength. On the downside, ProSar did not match on various of the evaluation criteria
in chapter 5. The main drawback is that the mass flow to be discharged must be known
before the sizing calculation. The calculation of this mass flow is associated with a
great deal of effort. To be of value for TUV SUD, the mass flow calculation is a must-
have in a sizing program.
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8 Outlook

Up to now, TUV SUD does its emergency relief device sizing calculations with a highly
sophisticated Excel sheet which covers all the requirements from chapter 5. Even
though some of the software tools evaluated in this thesis do partly cover most of the
requirements stated in chapter 5, there are still some major drawbacks to each
software. This makes it impossible for TUV SUD to not make use of the Excel sheet —
up to now. Most of the software are American made and therefore only cover American
norms or simply have not been invented to fit these requirements. But with a chance,
these programs will stock up on European norms and manufacturer databases making
it interesting for TUV SUD.

SuperChems is always developing its software to make it more user-friendly and to fit
more customer needs. In the future, SuperChems might also adapt to the European
market (ISO 4126-10 and manufacturer databases for more adequate sizing)

ChemCads SafetyNet is the most promising software due to its strong thermodynamic
simulation tools and an easy sizing procedure. Unfortunately, SafetyNet is also not
suitable for the European market until now. ChemCad’'s complete version of the
software seems to be able to handle most of TUV SUD’s sizing challenges including
an adequate dynamic simulation of runaway reactions.

FlowNex support is always trying to find a solution for every individual problem.
Regarding FlowNex one could think about adapting the program’s code together with
the FlowNex team to make it more suitable for emergency relief system sizing and
chemical reaction simulation.

ProSar has just released its software recently and so far, its functions are not sufficient
to do the job. But on the other hand, ProSar is the only (web-based) software taking
European norms and manufacturers into account. Also, the developers of the software
want to make ProSar the leading software on the market and are already highly
motivated to present a more sophisticated version of the program soon.

Summarized, TUV SUD will still have to use their Excel spreadsheet for accurate ERS
sizing It might be of value to keep an eye on the software evaluated in this thesis and
check for updates and extensions frequently to make sure to not miss a major
improvement.

One software to come is FAUSKE'S FERST, which will be a replacement for their
current software PrEVent. FERST will use the ChemCad interface with a reduced
menu for emergency relief systems sizing only. The program is momentarily not ready
for testing but should be tested by TUV SUD once it is available.
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9 Appendix

9.1 SuperChems — Step-by-step scenario documentation

To follow this documentation, the SuperChems V10.0 software and the Microsoft Visio
desktop version must be installed on the computer.

9.1.1 Open SuperChems visual and press run!

SuperChems™ %
Please select SuperChems™ version
| superChems™ 10.0 =
Configuration
Type Platfi
® Visual SuperChems™ 64t (<B4)
QO SuperChems™ Classic 32bit (<86)
O SuperChems™QRA
O SuperChems™ Lite
[J Remember My Preferences
[ Dont ask again
| Crse shoteut | [

Figure 52: opening SuperChems

9.1.2 Create a new project file

Figure 53: creating a new project

Note the default setup!

Reports | Batchd | Properies | Toois | QR4 | Options | Help

o’V @

Figure 54: default scenario menu

NOTE: The “site” menu is only important for information in the report and for
consequence analysis. For ERS sizing, this part is not of importance and can be left
out completely.

NOTE: Units can be changed any time! By right-clicking on the specific unit, single
units can be changed to the desired unit!
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t] |

£a SuperChems™ (B

E[ Define | Reports | BatchQ | — | Tools | QRA | Options | Help |

5 @ 4 M K4 =F

Piping Chemical Network  Stream Facility ~ Project
Layout v v Node v Data Notes

Objects Project Information

Scenario Site Equipment

Ed Set Units - X
‘Current Units Unit Systems
Unit Type Unit o Default
Area m?
Q Flow

Mass Density kg/m®

Molar Density  kmol/m* O tazaras
Energy J Q Properties
Force N
Length m - Stardard Unit Systems
Mass kg
Power w S| Defaults
Pressure Pa
Temperature K Metric Defaults
Time s
Velocif m/s

ty V' English Defaults
Viscosity Pas
Volume m’

Concentration ppm

Close

Figure 55: change units

9.1.3 Create a new scenario

A new scenario can be created by simply right clicking on the left-hand side and select
“new scenario”. Name the scenario as desired.

i3 SsuperChems™ OB 4 Aranissel ? — (@ X

[ fite | Define | Reports | Batchq | Properties | Tools | aRA | Options | Help

5@ g MiadXd =/

Sy Site Equipment PIPing  Chemical Network  Stream Facility ~ Project
Layout v Node v Data Notes
Objects Project Information
_  © perauLT DEFALLT | —
z Scenario Connectivity | Data | Applicability | Batch Queue |
3
3
@5ite DEFAULT DEFAULT W W DEFAULT DEFAULT
 Mixture DEFAULT ’ e Y e Lol
e
2 & Vessel DEFAULT
» £ Top Primary Piping Layout DEFAULT DEFAULT INO FLOW] DEFAULT
< Stream [NO FLOW] Top Primary Piping Layout Stream Project Dato

@ Project Data DEFAULT

o

New Scenario
Import Scenario

Figure 56: alternative way of creating a new scenario
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Note the newly created scenario named “DOCUMENTATION ONLY".

) DEFAULT

User List

» = DEFAULT

=1 DOCUMENTATION ONLY

@ Site DEFAULT
% Mixture DEFAULT
# Vessel DEFAULT
» &l Top Primary Piping Layout DEFAULT
4] Stream [NO FLOW]
@ Project Data DEFAULT
Models (0)

Figure 57: newly created scenario

9.1.4 Create a new mixture

A new mixture can be created by clicking on the “define — chemical” tab.

._‘au,_mhﬂ 4 Aanlssel ? — & X

[ fie | @fine | reponts | patcn \ Properties | Toolks | QRA \ OptionNgelp | -~
Eu-] J ‘Ej: .
- - -
a9 f i
Seensis  Sie Equipment  PIPNG  Chemical Network  Siream Facility  Project
Layout = - Node Data MNotes
" Mixture
Objects

=N

Petroleum rrmy

| DOCUMENTATION ONLY |

[}
g

e Scenario Connectivity | Data | Applicabiity | Batch Queue |
% | » = DEFAULT
: @site DEFAULT [ ’ Q Mixture \ ‘ ﬂ Vessel ‘
g V Mixture DEFAULT
4 Vessel DEFAULT DEFAULT INOFLOW] DEFAULT
v g Top Primary Piping Layout DEFAULT m Top Primary Piping Layout ‘EE Stream @ Project Data
i Stream [NO FLOW]

@ Project Data DEFAULT Modeis
Count = 0
Models (0)

Figure 58: creating a new mixture

Click on the “add one unit” tab on the top left and name the mixture. The mixture in this
example is named “DOCUMENTATION MiIX”.

NCal v 5 =]
: 3 sy % 43
e 8 & X a X €
| Mixture Specification | gips | Graphs | Toolbox |
|Enter a short description here ‘ Basic i
 DEFAULT 11| | Name [pEFAULT ]
| DEFAULT SUPERCHEMS MIXTURE ‘

Description IDEFAU[T SUPERCHEMS MIXTURE }

DOCUMENTATION MIX ‘

DEFAULT SUPERCHEMS MIXTURE O mixture is soluble in water

- Mixture Ce

O Mass O Mote Validation Check Automatic BIPS Calculation [ =+

Compound  Formula 1D MW Mass Fraction Mole Fraction User Composition
WATER H20 1013 18015 1.0000 ‘:::,:::
aal Create new chemical mixture

Solids

Please enter new chemical mixture name:
Compound Formula 1D MW ‘

Cancel__

Figure 59: creating a new mixture
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A mixture can also be created by right clicking on “mixture” on the scenario overview.

Aranlssel T — 8 X

£ superChems™

File | Define | Reports | BatchQ | Properties | Tools | QR | Options | Help

2@ f AdAXd =7

o oo et Piing  Chemical Network  Stream Facility  Project
layouts  w Node - Data  Notes
Objects Project Information

) DEFAULT l
Misture Specification | Bips | Graphs | Toolbox

» == DEFAULT Basic Infomation

%' DOCUMENTATION ONLY e [pEauT

@ site DEFAULT
' Mixture
= Bq New
# Vessel DEFJ
Copy

» £ Top Primary

User List

Description [DEFAULT SUPERCHEMS MIXTURE

PSFD

[ Mixture is soluble in water

— Rename Mixture Composition
L [y Define © Mass O Mole Validation Check Autormatic BIPS Calculation +
@ Project Data T
Models (0) - Compound Formula 1D MW MassFraction Mole Fraction User Composition
WATER H20 1013 18015 1.0000 1.0000 1.0000
Solids

Compound Formula 1D MW

Figure 60: alternative way to create a new mixture

Within the mixture menu, compounds can be removed, added, or replaced from the
SuperChems database. Simply right click on the default compound (water) and select
“add”, “remove”, or “replace”.

DEFAULT
Mixture Specification | Bips | Graphs | Toolbox

- Basic
Name [DEFAULT |
Description [DEFAULT SUPERCHEMS MIXTURE |

[ Mixtre is soluble in water

- Mixture Composition
m Validation Check Automatic BIPS Calculation (4]

Compound Formula ID le Mass Fraction Mole Fraction User Composition
12005

1.0000 1.0000 1.0000

WATE! H2O 1012

WATER

[ Solids - = Add Compounds

Compg V' Replace Compou
x

Sort NBP |

Sort NBP D
Sort MW |
Sort MW D

Remove Zeros

Figure 61: Adding compounds to a mixture
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The compounds database will open to select the components of the mixture. The
database provides approx. 3000 chemicals to choose from. They can be searched by
name, CAS, Formula but also molar weight.

il Chemical Databank -0 X
Name CAS Formula ID Alias 1 Alias 2 Alias 3 MW NBP

METHANE 74828 CH4 o METHANE METHANE METHYL HY! 16.04 111.7 l:jD

ETHANE 74840 C2H6 1 ETHANE ETHANE METHYLMET 30.07 1846

PROPANE 74986 C3Hs 2 PROPANE PROPANE PROPYL HYT 44.10 2311

n-BUTANE 106978 C4H10 3 BUTANE BUTANE METHYLETH 5812 2727

n-PENTANE 109660 C5H12 4 PENTANE PENTANE SKELLYSOLV 72.15 309.2

n-HEXANE 110543 C6H14 5 HEXANE HEXANE SKELLYSOLY 86.18 3419

n-HEPTANE 142825 C7H16 6 HEPTANE HEPTANE HEPTYL HYC 100.2 3716

n-OCTANE 111859 C8H18 7 OCTANE OCTANE n-OCTANE 1142 3988

n-NONANE 111842 C9H20 8 NONANE NONANE SHELLSOL 1 1283 424.0

n-DECANE 124185 C10H22 9 DECANE DECANE n-DECANE 1423 4473

n-UNDECANE 1120214 C11H24 10 UNDECANE UNDECANE HENDECANI 156.3 469.1

n-DODECANE 112403 C12H26 " DODECANE DODECANE DUODECAN 1703 4895

n-TRIDECANE 629505 C13H28 12 TRIDECANE TRIDECANE n-TRIDECAN 1844 508.6

n-TETRADECANE 629594 C14H30 13 TETRADECA TETRADECA n-TETRADEC 1984 5267

n-PENTADECANE 629629 C15H32 14 PENTADECA PENTADECA n-PENTADE( 2124 5438

n-HEXADECANE 544763 C16H34 15 HEXADECAM HEXADECAM CETANE 2264 560.0 =
Using databank: C:\IOIQ\PSO10.0\SUPERCHEMS\BANKS\SC6.TPP Clear Filter View CK Cancel

Figure 62: compound database

After selecting the compounds for the mixture, the mole or mass fraction must be
defined.

—Mixture Composition
© Mass Q Mo[s) Validation Check Automatic BIPS Calculation L
PN

Compou ula 1D MW Mass Fraction Mole Fraction /User Composition
ETHANE C2H6 1 30.070 0.0500 0.1093
n-BUTANE C4H10 3 58123 0.4500 0.5091
n-HEXANE CoH14 5 86.177 0.5000 0.3815
- Solids

Compound Formula ID MW

Figure 63: defining the mole or mass fractions

After the creation of the mixture, click on the door symbol. A mixture can be changed
by right-clicking on the default mixture and selecting the desired mixture from the list.
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9.1.5 Define a vessel

The next step is the definition of a vessel. Again, one can use the “define — equipment

tH)

— new

S X xx2on 24

cote | Options | Repor Comments | Geometry wnd Sress | Toolbox

Figure 64: creating a new vessel

Also, a new vessel can be created by right clicking on the default vessel within the
scenario and click on “new”. The vessel must be named afterwards. In this example,
the vessel is named “DOCUMENTAITION VESSEL".

£a SuperChems™ (Bl ] A

File m BatchQ | Properties | Tools | QRA | Options Help|

5@ ¢ i &4 =

Piping  Chemical Network  Stream Facility ~ Project

Scenario Site Equipment
i Layout » - Node - Data Notes

Objects Project Information

() DEFAULT

» =% DEFAULT

=: DOCUMENTATION ONLY

@ site DEFAULT
Y Mixture DOCUMENTATION MIX
4 Vessel

| ps ] User List ]

Copy FAULT

Rename
Define
Change

Import

Figure 65: alternative way to create a new vessel
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Within the vessel menu there are various tabs to enter information

Options, Report comments, Geometry and Stress, Toolbox).
The main information is entered in the specification tab.

£d superChems™ [ 9 |

(Specification,

Wall thickness

| File | Define | Reports | Batcha | Properties | Tooks | QRa | Options | Help
et e
_ O DperauLT | )
i: ) DOCUMENTATION LAYOUT Specification | Options | Report Comments | Geometry and Stress | T)box
3
» == DEFAULT Notes
Description DEFALLT SUPERCHEMS VESSEL padDs NA
= DOCUMENTATION SCENARIO External Fire
e
& @5ite DEFAULT Location A Equipment type |Blower -
AAEEE R DOCUMEN EATIE RIPLER Manufacturer NA Vessel built per | ASME Section vl L=
4 Vessel DOCUMENTATION VESSEL
£ Top Primary Piping Layout DEFAULT Serial number NA Applicable relief code | nFpa 30
4 Stream [NO FLOW
Pressyrc Temperatur
@ Project Data DEFAULT
' ommpene - o s
Models (0)
Vacuum pressure o psig Minimum temperature -250 F
Normal operating pressure |0 psig Normal operating temperature (17 | ¥
Maximum pressure 0 psig Maximum temperature Ti7 ]*
Material of construction STEEL
ft Actual material Enter actual material of construction
ft Internals/User defined mass [0 b
| #t Liquid pocl bottom elevation [0 n
Grade bottom elevation [o In

Top Bottom
Elliptical 21 ENiptical 21 =
0417 " 00417

Figure 66: the vessel menu

Essential information is design pressure, design and operation temperature, vessel
type and diameter (and length, depending on vessel type). The documentation part for
the vessel is only for information in the report.

Some scenarios must be enabled within the options section of the vessel.

L SuperChems™ 3 & B A - & x

Fie | Detne | Reports | BchG | Propertes | Touk | ORA | Dosons | weln .
a0 4 MAdAKd 2P
=
g = DEPAUL
@500 DEFAILT

& Vessel DOCUMENTATION VESSEL
Top Primary P ayout DEFAULT

£ Data DEFAULT

Figure 67: vessel - external fire option
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Click on the “external fire” tab within the documentation vessel menu.

&3 SuperChems™ 3 B9 A4
File | Define | Reparts | BatchQ | Properties | Tools | oRA | Options | Help

. @ DEFauLT
5§ DOCUMENTATION LAYOUT

» == DEFAULT Noes RBIe Fire Loadn
% DOCUMENTATION SCENARIO Fire e unun,.z

@ site DEFAULT
¥ Mixture DOCUMENTATION MIX

Spedification | Options | Report Comment ts | Geometry 3y Stress | Taolbox

3
3

Fyf Loading Methodology
O 4p1-521 Fire Flux

PSFD

Fire start time lo h
‘Wetted area fraction confined or indoors

i Vessel DOCUMENTATION VESSEL Fire duratien : h D Adequate drainage and fire fighting equipment argpresent
» & Top Primary Piping Layout DEFAULT Fraction exposed to fire =
4L Stream [NO FLOW]
Wetted area in *
@ Project Data DEFAULT
Models (0}
O APPNQ Fire Flux
QO NFPA-20/OSHR
© User-defined fire loading
(%) Options

[ Remove bottom head from estimate of wetted area

O Remove top head from estimate of wetted area

€
o

Description Area In®

Allawance for relief and process piping 0

Figure 68: vessel - external fire definition

Choose the desired Fire loading methodology and enter the mitigation factor and in
this case (API 521 fire flux) also enter the filling level of the vessel. SuperChems will
then calculate the fire flux.

NOTE: Different models need certain input. The information provided at this point is
enough to run the first API 520/CCPS model.

9.1.6 API520/CCPS model

To choose a model, right click on the model menu within the scenario. Click on “Flow
and source term” or “network flow”, depending on the desired model.

Fie | Define  Reports | BatchQ | Properties | Tooks | QRA | Options | Help
1 —
Wi hda ~
E 9 2 oaw L
o Lyouts = Node Deta o
Otgects [ r—
© peRauLT
g » = DEFAULT

- @500 DEFAILT
2 ixture DOCUMENTATION MIX
sl DOCUMENTATION VESSEL
v g Top Primary Pip syoul DEFAULT

@ Project Data DEFAULT
Madels (0)
Flow and Source Team
Networt Flow
Control

Figure 69: APl 520/CCPS: Abnormal Heat Input model
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Note the newly created model and its input parameters.

& SuperChems™ [l ==

File | Define | Reports | BatchQ | Properties | Tooks | QRA | Options | Help
) DEFAULT 5 AP| 520/CCPS: Abnormal Heat Input

2 © DOCUMENTATION LAYOUT Inputs | Toolbox | Notes | Data Sets

2 v = oeraur concet | vpante | [JEEND

o [—
% @ site DEFAULT
fixture DOCUMENTATION MIX
# Vessel DOCUMENTATION VESSEL
» £ Top Primary Piping Layout DEFAULT
{ Strear
@ Project Data DEFAULT
Models (1)
i API 520/CCPS: Abnormal Heat In

Backpressure

Percent overpressure

Discha

Figure 70: APl 520/CCPS input parameters (pure components method)

The input parameters within the model menu are all essential, except for the total liquid
mass in vessel (this will be calculated using the mixture properties, vessel geometry
and the filling degree as defined in the external fire section).

Device type must be chosen (conventional PRV, balanced bellows PRV or rupture
disk).

Heat source must be chosen (external fire in this case).

Relief conditions must be entered (initial temp, initial pressure, set pressure of the ERS,
backpressure if applicable, precent overpressure and the discharge coefficient.

Initial temperature and initial pressure are the standard process conditions in the
vessel.

NOTE: The piping layout is of no importance at this point (for the CCPS method). The
default piping layout always only consist of a default rupture disk!

The model can now be run!

NOTE: SuperChems will use the pure component method by default! SuperChems
decides which compound has the most relief need and uses this component as the
pure component.

By clicking on the “update”-tab the input parameters will be saved.
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To choose the “% mass vaporized average method” the “use latent heat at user defined
vaporized liquid mass fraction” box needs to be checked and initial and final fraction
vaporized must be entered.

5. APY 520/CCPS: Abnormal Heat Input

outs. | Results | Toolbax | Notes | Data Sets

Figure 71: APl 520/CCPS input parameters (% mass vaporized average method)

In both cases, SuperChems will return a required relief area! But the values will be
different! Choose wisely!

9.1.7 Output data for the pure component method!

Output Data

Relief requirement will be set by evaporation of n-HEXANE

Time required to reach Pset (lightest component) 0.0003 h

\Average molecular weight 86.1772

Temperature at maximum pressure 324.8746 °F

Compressibility factor 0.7776

Density 0.2388 Ib/gal

Heat of vaporization 103.8113 BTU/Ib

Density correction factor 0.9557

Correction factor vapor density 0.1857 Ib/gal

Correct i o) Leme [ 14T T i
<Euapmation/renef rate 19,553.1014  Ib/h >

VotuTTTetrie=H 4 (2538510 cep——

F\U\M

Relief device orifice area 1.2267 \nz\

Exit temperature 307.8600 °F /

Exit pressure 66.2638 )yg/

B bility factor _Ooee—

Exit density 0.1304 Ib/gal

Exit velocity 670.2654 ft/s

w Torrection factor 1.0000

Next size up is J orifice (1.287 in2), 2x3 or 2.5x4 or 3x4 \

Next size down is H orifice (0.785 in2), 1.5x3 or 2x3 /

Figure 72: output data pure components method
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9.1.8 Output data for the “% mass vaporized average method”.

Output Data

Latent heat is based on heat required to vaporize 0 % to 10 % of the liquid mass at the relief pressure

Time required to reach relief pressure 0.0343 h
Average molecular weight 49.3068

‘Temperature at maximum pressure 1723227 °F
Compressibility factor 0.8701

Density 0.1516 Ib/gal
Heat of vaporization 3174774 BTU/Ib
Density correction factor 0.9661

Correction jacterveporieneiy 0.1516 Ib/gal
e Birection factor liquid density 44701 Ib/gal

Evaporation/relief rate

6,463.2568

D

Volumetric flow rate

48,619.3934  SCFH \
)

Flow is critical (choked).

pd

Relief device orifice area 0.5001 )/
Exit temperature 143.6530 °F

Exit pressure 64.7843 psig
Exit compressibility factor 0.9156

Exit density 0.0884 Ib/gal
Exit velocity 802.0087 ft/s
EC"E‘-—“ trorrfactor 1.0000

Next size up is G orifice (0.503 in2), 1.5x2.5 or 1.5x3 or 2x3 \

Next size down is F orifice (0.307 in2), 1x2 or 1.5x2 or 1.5x2.5 /

e el Ui v e et b o o d e e oo il ol

5HMIATE:

Artiinl flew o

imn fmrcae nte

Figure 73: output data “% mass vaporized average method”

NOTE: the smaller required relief area!

NOTE: SuperChems automatically returns the orifice one size up and one size down!
NOTE: To make things easier, write down or export the output data to use them for the

next models!

9.1.9 Define minimum relief area PRV from the API 520/CCPS method

Prior to the set-up of a new piping layout, right-click on the scenario and select “copy”.
Within the newly created scenario, right-click on “top primary piping layout” and select
“‘new”. Give it a suitable name and click “Ok”. To add a new layout, click on the “add 1
unit” tab on the top left. In this example it is named “MIN DOCUMENTATION
LAYOUT".

£ SuperChems™ 0 &
File | Define | Reports | BatchQ | Properties | Tools | GRA | Options | Help
Dt]-‘l a7 = .
Cad ’ ﬂ | a5 mm {I “i-
Objects Project Information

) DEFAULT DEFAULT

) DOCUMENTATION LAYOUT
2 MIN DOCUMENTATION LAYOUT

User List

Properties

v =5 DEFAULT Short description

Al Piping Units | Piping Units Specifications | Charts | Toolbox

| Default Superchems piping layout

Kr = 1.5, Cd = 0.63246

> 4

PID/PFD reference [ma

PSFD

@5site DEFAULT

Qverall mass flow multiplier for flow dynamics |1

Mixture SOCUMENTATION MIX

Aol DOCUMENTATION VESSEL st segm elevation relative to vessel bottom ‘ﬂ 0328

= & Yop Primary Piping Layout DEFAL*™
DEFAULT

N Rupture Dis
New layout with Visio

<« Strec Edit with Visio
@ Project Data DR y
Models (1) L

L API 520/CCPS: Abnormal Heat Inp Define

] DEFAULT Gasfvapor discharge coefficient 062
| DEFAULT Liquid discharge coefficient 0999
] DEFAULT 2phase discharge cosffcient [og9s
| Thermodynamic Flow Path

O tsentropic

O ksenthalpic

Nazzle Flow Method
© UsedH
Q Use vdP integral

Change [

Figure 74: Defining a new piping layout with a PRV

77




HAW
HAMBURG

To define a PRV with the minimum relief area obtained from the CCPS method, go to
the “define — piping layout — pressure relief valve” tab.

a1 SuperChems”

File | Define

h 4

QRA | Options | Help

i = (—

5 0 4 A N
i A i -acil Project
Scenario  Site  Equpment PPN Chemical NEWOT - stream ey ’
Layout v - Node B Data MNotes

Piping Layout
L Rupture Disc

€ DEFAULT Pressure Relief Valve

2 MIN DOCUMENTATION LAY Pipe Segment

Cantrol Valve

Information

‘ MIN DOCUMENTATION LAYOUT

| All Piping Units | Piping Units Specifications | Charts | Toolbox

User List

Properties

CdL = 0.71, CdV = 0.95, Cd2P = 0.975
PRV BLANK Gas/vapor discharge coefficient [0.62

[05%8

Reducer or Expander

Short description [Defautt SuperChems piping layout

PSFD

Y Mixture DOCUM] PID/PFD reference [N PRV BLANK Liquid discharge coefficient

Compressor or Turbine

W Vessel DOCUME

Overall mass flow multipler for flow dynamics 1 PRV BLANK 2phase discharge coefficient  [0.999

~ u Top Primary Piping Layout MIN DOCUMENTATION LAYOUT

{+ Pressure Relief Valve (orifice) PRV BLANK
d Stream [NO FLOW]
@ Project Data DEFAULT

Models (0)

15t segment elevation relative to vessel bottom [0.0328 frt ic Flow Path
© Isentropic

Layout s an open relief path
Qe . e O Isenthalpic

O Layout ic a header/network

Ouseccr Nozzle Flow Method ————————————————————

O usedH

Use design/derated flow area for PRV
a “ O Use VP integral

Figure 75: by hand definition of a PRV

Select “add 1 unit” and name the pressure relief valve. In this case, the PRV is named
“‘MIN PRV DOCUMENTATION".

Co8 4

File | Define | Reports | BatchQ | Properties | Tools | QRA | Options | Help

SuperChen

N = .
M4 & -~
Cd al mm
. = . Piping Chemical Network Stream Facilty  Project
s E
Senario - Site  Equipment | oute v Node . Data  Notes
Objects Project Information
€ DEFAULT MIN DOCUMENTATION LAYOUT |
£ MIN DOCUMENTATION LAYOUT [ An Piging Units | Piping Units Specificatians | Charts | Toolbox |

User List

Properties Cdl = 0.71, CdV = 0.85, Cd2P = 0.975

PSFD

[ Stream

NO MYEE

2

@ Project Data | -
ST PRV DOCUMENTATION

odels (0) Andersan Greenwood Series 200/400/500/700/800; 2

Figure 76: Add a PRV to the piping layout

In the PRV menu, enter the minimum relief area obtained from the API 520/CCPS
method. In this case 1.23 in?. Afterwards, click on the door symbol to return to the
piping layout menu.

B

£al Pressure Relief Valve List

G| G (8 of

ecifications | Low Pressure | Lift vs. Overpressure | Liftve, Backpressure rameters | Oata stor
DEMIT Low i | witt vs. Ovesp | Lift vs. Backpn ‘SDOF Parameters | Cata Sheet | Cd Catculat

I Location | ram ]
MIN PRV DOCUMENTATION Associated RO [ | Discharge Lacation ]
k= [
PRV BLANK Inlet Flange Gutiet Flange
= o [F@aET psig Tl |ANS Pressure rating | 3989977 | psig  Cioss  [ANSI
PRV DOCUMENTATION
Ancieson Greeweod Series 200/400/500/700/800: 2| Inket Schedule Outiet Schoduie
Hame Vaiue  Unit Hame Value  Unit

Nominal pipe size 2
Fiping schedule 105

Outside Diameter 019792 R
Inside Diameter 017875 ft
Wl Thickness  0.00908 fr

Nominal pipe size 3
Piping schesule 105

Gutside Diameter 029167 #
Inside Diameter 027157 #
wall Thickness 001 ft

Flow Area 365418 In? Fiow Area 83460 in’
Pipe o Fipe Infa

Device Certification Flow

(] cenified for gas fow [0 ASME-SECTION | certified Flow type GasfVspor Ui Two phase

O cetified or iguid flaw [ AsMESECTION IV certified Discharge coeficient  [095 [o7 [os7s
Overpresureanve g - - -

[ cenified for steam tiow O Asme-SECTION Vi certfiea et Jor-1 |zjoet
Badoresureane gy

[ Moduistng vate [ Designated as spare:

Slip ratio multiper

Lifting Characteristics
[n.0083

00333 K3

Minium e | Mo 6
[ —

o e Critical lif

o Soweo [I %

Design orifice Nlow srea [1.23 in' Set pressune 00 | prig

Resiricted lift Actusl orifice flow sres [1.23
sricted I

Reset pressure [ psig

% Acusibiowiown BB %

Flow area basis

[ use K-Based pipe soiver (Advanced users anly)
Maximum biowdown

|1 S,

Figure 77: Adjusting relief are and set/reset pressure
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To select the newly created PRV, first the default rupture disc must be removed from

the piping layout. Choose the newly created PRV from the drop-down list and move it
to the “selected units” side.

@ oesur | MIN DOCUMENTATION LAYOUT

% £ MIN DOCUMENTATION LAYOUT A1l Ppimg Uit | Piping Units Specications | Chars | Toolbax
3 Properties CdL - 071, CaV - 0.95, CdzP - 0375
omsaion T Ve R DOCUMENTATON kg dc B
@5ic DEFAULT

MIN PRY DOCUMENTATION Liuid discharge (0599
Vessel DOCUMENTATION VESSEL MIN PRV GGCUMENTATION 2phase discharg: (259
~ o Top Primary Piping Layoul MIN DOCUMENTATION LAYOUT — R
" ermodynamic Flow Pat
i :f Value (orifice) MIN PRV DOCUMENTATION B

O ssenraipic

DEFAULT

Nozzle Flow Method
0 uean

O Use igp integral

Segment  DEFAULT » PRV MIN PRV DOCUMENTATION

Segment 1N

Segment  NOZZLE IN "IN

Segment  OUT

PRV DEFAULT
PRV PRV DOCUMENTATION

PRV MIN PRV DOCUMENTATION
pRY

PR BLANK
Control Valve  DEFAULT

Figure 78: selecting the newly created PRV

Make sure to enter proper discharge coefficients for gas/vapor, liquid and two-phase.

MIN DOCUMENTATION LAYOUT 1

‘ All Piping Units | Piping Units Specifications | Charts | Tuolbox\‘

Properties  CdL = 0.71, C

Short description |Defau\t SuperChems piping layout ‘ MIN PRV ‘097’5

PID/PFD reference |NA ‘ MIN PRV POCUMENTATION Liquid discharge ‘0 65 |
Overall mass flow multiplier for flow dynamics |'\ ‘ MIN PRV D MENTATION 2phase discharg: ‘0 975\ |
1st segment elevation relative to vessel bottom |DU328 ‘ ft T dy

© Isentropic
Q Isenthalpic

[:] Layout is an open relief path

[:] Layout is a header/network
O use ccr

D Use design/derated flow area for PRV

Nozzle Flow Method
© UsedH

QO Use VdP integral

Figure 79: discharge coefficients in the piping layout menu

The input data is now sufficient to run a dynamic model.
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9.1.10 Dynamic vessel: two-phase

Right-click on model and select “flow and source term — dynamic vessel: two-phase”.

50 ¢ HN4ad&Kd &7

Piping  Chemical Metwork ce Eacilit, Project
Se Sity Es t
cenario ite quipmen Layout = . User Defined
5 Ideal Nozzle
Objects

L Dynamic Vessels: Liquid

- @ DEFAULT Thermal Relief: Liquid

§ 2 MIN DOCUMENTATION LAYOUT API 520: Liquid

]

3

API 2000: Inbreathing/Outbreathing
=: DOCUMENTATION ONLY

Liguid Pools
@ sSite DEFAULT

| Dynamic Vessels: Two-phase

PSFD ‘

% Mixture DOCUMENTATION MIX
i Vessel DOCUMENTATION VESSEL

Expansion: Two-phase

Dynamic Vessels: Vapor

¥ &l Top Primary Piping Layout MIN DO Expansion: Vapor

§+ Pressure Relief Valve (orifice) M Unbalanced Heat Load
4 Stream [NO FLOW] API 520: Vapor
@ Project Data DEFAULT API 520/CCPS: Abnormal Heat Input
A o) API 520: Steam
Flow and Source Term » Thermal Relief: Vaper
Network Flow »
Control »

Figure 80: Dynamic vessel: two-phase model

Enter the initial conditions and a flow type for the relief piping path. Make sure the
checkbox for external fire is checked. Depending on the flow type, a DIERS coupling
equation coefficient must be entered.

Specifcations | Connectiity | Run Parameters | Stop Canditions | Accuracy

nnnnnnn

Figure 81: input data for the dynamic simulation

The simulation can now be run.
NOTE: SuperChems returns to the classical layout for the simulation!
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M TEAL - The Engineering Application Language - [Executing files] - =] *
File Edit Help
¥ AR e e e . —
p= ablrENE| [ \BC) —=|—=[=—|ABC|eGHx
- — b
A1)
[E & XA Y%
0.21172 h 157.447 °F  94.731 psig ( 6806.59 L, 77.40 V) 1b (  42.74 L, 12623.50 V) 1b/h 70.337 & Full dPw- -0.00 psia A
+0.000 -12666.243 lb/h
0.21412 h 157.655 °F  93.333 psig ( 6775.96 L, 77.77 V) 1b (  36.05 L, 124%4.64 V) 1b/h €9.946 % Full dPw= -0.00 psia
+0.000 -12530.687 1b/h
PRV MIN PRV DOCUMENTATION reseated/closed at 91.9374 psig, Pset = 100 psig
0.22205 h 159.564 °F  92.083 psig ( 6711.59 L, 79.52 V) 1b ( 0.00 L, 0.00 V) 1b/h 69.252 % Full dw=  +0.00 psia
+0.000  -0.000 1b/h
PRV MIN PRV DOCUMENTATION opened at 111.007 psig, Pset = 100 psig, Kp = 1
0.25540 h 175.868 °F 111.007 psig ( €699.94 L, 91.17 V) 1b ( 0.00 L, 14558.38 ¥) 1b/h 70.516 % Full dew=  -0.00 psia
+0.000 -14558.381 1b/h
0.25540 h 175.868 °F 111.007 psig ( 6699.34 L, 91.17 V) 1b ( 0.00 L, 14558.38 V) 1b/h 70.518 % Full dPw= -0.00 psia
+0.000 -14558.361 1b/h
0.25751 h 175.950 °F 109.560 psig ( €668.83 L, 91.68 V) 1b { 0.00 L, 14415.98 V) 1b/h 70.120 % Full dPw= -0.00 psia
+0.000 -14415.961 1b/h
0.25963 h 176.042 °F 108.157 psig ( 6637.51 L, 92.18 V) 1b ( 0.00 L, 14278.11 V) 1b/h 69.727 % Full dPw= -0.00 psia
+0.000 -14278.10€ lb/h
0.26182 h 176.147 °F 106.755 psig ( 6606.19 L, 92.69 V) 1b ( 0.00 L, 14140.43 V) 1b/h 69.326 % Full dPw=  -0.00 psia
+0.000 -14140.432 1b/h
0.26410 h 176.264 °F 105.354 psig ( €573.63 L, 93.21 V) 1b ( 0.00 L, 14003.11 V) 1lb/h €8.917 % Full dPw= -0.00 psia
+0.000 -14003.114 1b/h
0.26645 h 176.397 °F 103.956 psig ( 6540.17 L, 93.73 V) 1b ( 0.00 L, 13866.17 v) 1b/h 68.500 % Full dPw= -0.00 psia
+0.000 -13866.174 lb/h
0.26891 h 176.545 °F 102.560 psig ( €505.74 L, 94.27 V) 1b ( 0.00 L, 13731.38 V) 1b/h €8.074 % Full dew=  -0.00 psia |
+0.000 -13731.378 1b/h
0.27146 h 176.711 °F 101.167 psig ( €470.24 L, 94.83 V) 1b ( 0.00 L, 13595.26 V) 1lb/h €7.€37 % Full dPw= -0.00 psia
+0.000 -13595.256 b/ v
Condensation Detected: T = 325,822 K, P= 445066 P2 L 5305 used, 56 minto go UM Y.
Figure 82: classical layout simulation progress
Summary | Flows | Profites | Detailed Profles | C
‘ Export ‘
Vessel Options & Considerations Relief Piping
[External fire exposure | Vessel C ion  Relief Piping Backpressure psig  Flow type
‘ TOP: Primary Piping | MIN DOCUMENTATION LAYOUT|0 |Churn turbulent
~ Overall B; ies
/ Initial Final v Maximum Time h  Point
/’ Time h 00000 2000 Pressure psig 1174 07920 271 1.17 x DESIGN P’
Temperature F 74462 1234 dp/dt psig/h 1754 08040 290
Pressure psig 50000  109.4 Temperature °F 1234 1844 503 2.74xDESIGN T
d/dt “Ffh 11,762 08210 329
Vapor mass b 37705 164.4 Impulse Ibf 1937 07920 271
Vapor volume gal 5996 2,115 Fire heating input  BTU/hr  212404E+06 00000 0 /
N 7
Liquid mass b 7462 0.0000
Liquid volume gal 1,515 0.0000
Total mass b 7,500 164.4
Total volume gal 2115 2,115
Volume Full of Liquid % 71.649 0.0000
¢ \‘Qan(e
qud Initial Vapor  Final Vapor  Initial Total  Final Total  Change Total
ETHANE b 3548 0.0000 20246 0.0000 3750 0.0000 -375.0
nBUTANE  Ib 3359 0.0000 15.794 6312 3,375 6312 -3369
N-HEXANE b 3748 0.0000 1,666 1580 2,750 1580 -3,592
Totals 7462 0.0000 37.705 1644 7,500 1644 7336

Figure 83: summary of the result menu

Under the header “flows” SuperChems returns output data for the “first flow” and “flow
at maximum pressure”.

| @ Dynamic Vessels: Two-phase
[Inputs | Results | Charts | Taolbox | Notes | Data Sets |

Summary | Fiows | Profiles | Detatied Profiies | Composition |

TOP: First Flow Data From MIN DOCUMENTATION LAYOUTY TOP: Flow at Maximum Pressure Data From MilN DOCUMENTATION LAYOUT

dece opening time h m Data point 43

Pressure psig 1111283 N\
Temperature F_ 1377864 N\
Exit Pressure psig 596518 N\
Exit "F__106.1334 \
Liquid flow rate Ib/h 2244422 \
Vapor flow rate Ib/h 137032014 ]
First flow impulse Ibf_ 188.0198 J
% imeversible inlet pressure lass (15t device) 0.0000 /

% backpressure (1st device) 1013250000/

9% irreversible inlet pressure loss (2nd device)

ckpressure (2nd device) 101,3;
Chemical Liguid Vapar Total
ETHANE Ib/h 76373 55040519 55116891
n-BUTANE Ib/h 937052 7.0865738 _ 7,190.2790
n-HEXANE Ib/h 1230998 11025757 12256754

Figure 84: Output data "first flow"
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| @ Dynamic Vessels: Two-phase |
Inputs | Results | Charts | Toolbox | Notes | Data Sets

Summary | Fiows | profies | Detailed Profies | Compasition

TOP: First Flow Data From MIN DOCUMENTATION LAYOUT | 70P: Flow at Maximum Pressure Data From MIN DOCUMENTATION LAYOUT

Export

F\m Data point 271
Plessure psig 1171208 N\

Fempacative T AN

Bxit Pressure psig 67.9323

Exit Temperature F__ 2973050 \

Liquid Nlow rate 1b/h 0.0000 1

Vapor flow rate Ib/h 17,889.3949 ]

First flow impulse Ibf 1936960 /

% imeversible inlet pressure loss (ist device) 0,000

% backpressure (15t device) 101325000 /'

Mreversible inlet pressure loss (2nd device) 00000/

% b re (2nd device) 1013

Chemical Liquid Vapor Total
ETHANE 1b/h 00000 00178 00178
n-BUTANE Ib/h 00000 6670552 687.0552
n-HEXANE Ib/h_0.0000 17.202.3219 17,202.3219

Figure 85: output data "flow at maximum pressure"

Under the “charts” tab within the results menu of the model, a variety of charts can be

Inputs | Results | Charts | Toolbox | Notes | Data Sets |

General | Mass Flow | Vessel Composition | Flow Composition | Phase Envelope Overlay | Wall Temperatures | Pipe Wall Dynamics | Multiple Data Sets

Pressure History [ pressure History at Vessel Bottom [ wall Stress vs. Time
@ remperature History [ pressure vs. Temperature [ Vessel and Flow Overall Vapor Mole Fraction Histories
[ temperature Rate History [ pressure Rate History (O Temperature Rate Vs. Temperature

([ Pressure Rate Vs. Temperature [ Heat Input into Vessel Wall and Contents [ Average Heat Flux into Vessel Wall and Contents

| Data not availabl [ Vessel Energy of Vaporization History [ Vessel Energy of Vaporization vs. Temp:
e

tion alpha vs. Psi [ DIERS Coupling Equation Psi and PsiF Histories Tapor Velocity Histories
ressure History

—— Pressure psig

Pressure psig
I

0 T T T T 1
04 08 1.2 1.6 2

Time h

Figure 86: Charts tab in the result menu
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9.1.11 Define a detailed piping layout for the dynamic simulation.

Since the following models are based on the previous simulation, the scenario can be
copied and renamed.
£4 SuperChems™ (i} A

Filem BatchQ | Properties | Tools | QRA | Options Help‘

) DEFAULT
) MIN DOCUMENTATION LAYOUT

User List

PSFD

Import

Copy
Rename

Delete
Apply
Move to Other Group

Options »

Figure 87: copying a complete scenario

NOTE: the newly created scenario by copying the old one.
g SuperChems™ (Rflim] A

File | Define ( Reports [ BatchQ [Properties Tools | QRA | Options | Help |

) DEFAULT
) MIN DOCUMENTATION LAYOUT

User List

=: DOCUMENTATION ONLY

@ Site DEFAULT
Y Mixture DOCUMENTATION MIX

PSFD

4 Vessel DOCUMENTATION VESSEL

~ &' Top Primary Piping Layout MIN DOCUMENTATION LAYOUT
fr Pressure Relief Valve (orifice) MIN PRV DOCUMENTATION
4f Stream [NO FLOW]
® Project Data DEFAULT
- Models (1)
am Dynamic Vessels: Two-phase
~ = DOCUMENTATION ONLY - COPY
@ Site DEFAULT
% Mixture DOCUMENTATION MIX
4 Vessel DOCUMENTATION VESSEL
¥ 2 Top Primary Piping Layout MIN DOCUMENTATION LAYOUT
4] Stream [NO FLOW]
® Project Data DEFAULT
2 Models (1)

Figure 88: Copying a scenario

For the definition of a new detailed piping layout, MS Visio can be used. Right click on
the “top primary layout” menu and select “new design with Visio”.
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File | Define | Reporis | Baich) | Properties | Tools | QR | Optiens | Help
€ DEFAULT MIN DOCUMENTATION LAYOUT
2 MIN DOCUMENTATION LAYOUT ANl Pping Unts | Piping Units Specifications | Charts | Toalbax
3 Propertics CaL = 0.71, CaV = 0.95, Cd2P = 0.975
+ = DOCUMENTATION ONLY
Shart description Default SuperChems piping layout ] MIN PRV DOCUMENTATION Gas/vapor disch: [0.975
@ site DEFAULT
% Mixture DOCUMENTATION MIX FID/FRD reference [ha ] MIN PRV DOCUMENTATION Uaquid discharge [065
& Vesssl DOCUMENTATION VESSEL Oversil mass fow muttiglier for flow dynamics |1 | MIN PRV DOCUMENTATION 2phase discharg: [0.975
~ & Top Primary Piping Layout MIN DOCUMENTATION LAYOUT narmodynamic How Path
15t segment slevation elatve tovesselbokiom (00328 |n rmodynamic Flow
I Bressure Rellef valve (orfice) MIN PRV DOCUMENTATION S eegment eeanon e o sl botte O lentropic
L Stream [NO FLOW] [ Layout s apen rebet path © enthapi
@ project Data DEFAULT O tayout is a heager/netwark
Nozzle Flow Methad
- =l Models Use CCF
) o O useh
iy Dynamic Vessels: Two-phase [0 use designiderated flow area for PRV O Use VP integral
= DOCUMENTATION ONLY - COPY
@ site DEFAULT “ ) '}
Hixture DOCUMENTA Available Units Selected Units
“ Segment  DEFAULT & [#] || v R cocumeTaTion =
- Jop NRATION LAYOUT Scgment IN
. [ .
¥ Pressure Rel = : ENTATION Segment  NOZZLE IN [4 -
R New layout with Visio
Sueani| RO Edit with Visia T Gl
copy PRV DEFAULT
v Rename PRV PRV DOCUMENTATION
Define, PRV MIN PRV DOCUMENTATION
Change PRV PRV BLANK
Lot Control Valve  DEFAULT
Contrel Valve  CV - XT 052
Compressor  DEFAULT T
Pump  DEFAULT
Orifice  DEFAULT =
CAUsers\User\Dacuments\SuperChems Projekie\ DOCUMENTATION ONLY.co

Figure 89: creation of a new piping layout

NOTE: MS Visio must be installed as a desktop version on your PC!
Shapes =R i 1 E s 2 3 ‘ J J P . 5 0 - -

Weitere Shapes  »
SuperChem l

7 = ==

Redocer  Expander
PRY  Control Vaive
2
W
CE=ETR
<P

DOCUMENTATION LAYOUT

P C - (
SuperChems Shapes 3% _ o \\F{
o

Se
NOZZLEIN
IN =
Reducer
Sxpander
5-PRV
PRV DOCUMENTATION
RD =
Cortrol Vaive
2“"‘4 ater 0 ' 2 3
» e ——
Compresaor = och © 30 7 108
I Enter Client Name Here
= Logo Here ]' [ —
- Ty =]
T R

Figure 90: MS Visio piping layout surface

Once MS Visio opened, the piping layout can simply be constructed “drag and drop”.
By double clicking on the items, a sub menu opens where all the parameters and
fittings can be entered (pipe schedule, length, etc.).
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L7/ Piping Segment - IN

X
Specfications Fetings Suppots Heat Transfer
Saring TAG [NA Descpton [ |

Endng TAG [N/A PID/PFD Reference

Mumesic D [0 Segment is Viessel Nozzle

Pipe I Nominal pipe size |2 \
Piping schedule | 40
Outsde Diameter |0

K1 [0

Kr (same as Kinf) |0

nside Diameter Kd |0

Flow Soiver |Nomal |

Length |1 Angle with Respect to Hozontal |0 | degree
Surface Roughness [4.6E05 Addtional User Defined Pressure Drop (Pi - Po) |0 Pa
Weight [5.4531
oK Cancel

Figure 91: pipe segment menu

A PRV can be dragged into the drawing, but the inlet piping segment and the relief
valve are not yet connected. They need to be connected manually as shown in Figure
92 by clicking on the pipe segment, holding the shift key, and then clicking on the PRV.

By clicking on “connect” in the top section of the screen, these elements will be
connected. o

A"/ SuperChems Drawing Tool - DOCUMENTARGN-AQUT NEW - o X
File View Opention Units

W9 L K A mnChanges Pisconnect 2 Align I Select All J& Check Flow Area Lxg Check Elbow jf, Clear Marks

Shapes ’

)

l - J Ocopeon
citere Shapes >
SuperChem
Quick-Shapes
| Segment Reducer Expander
RD PRV Control Valve
N o
s
Nozzle Drifice Pump
SuperChems Shapes o x
DOCUMENTATION LAYOUT NEW
NOZZLE IN
N
our
Reducer
Expander
PRV maer 0 ' 2 2
PRV DOCUMENTATION e ————
70 ) on © P ) 108
Control Vaive s T TS
Orfice Enter Client Name Here
Pump
Compressor I 1 oao Hare | ™=

[np S S———

DOCUMENTATION LAYO... Alea @

Figure 92: connecting a PRV and pipe segments

The same procedure must be repeated for the downstream pipe segment.
Afterwards, the PRV must be defined.
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k‘j Pressure Relief Valve - PRV DOCUMENTATION s
Specfications  Low Pressure  Lift Vs. Overpressure  Lift vs. Backpressure  SDOF Parameters Data Sheet (Cd Calculator
Equip. Pratected | | PRV Numesic ID |0 Nozde Type [Ful v
Marufacturer [BY CLIENT Spring Number [BY CLIENT Tiim [Liguid ]
Model Number Service |Gas and Liguid - Seat Type |By Chent ~
N — T 7] o e [0 g
Material of |
it Outtet Constnuction |STEEL - |
presrt oty | 42382606 P presarermng | 423826406 P
et Ppe Info_AThominal pipe size |2 Outlet Pipe Info WDC size |3
Piping schedule |40 Piping achedule 40
Outside Diameter | 0.060325 Outside Diameter | 00883 m
Inside Diameter 0.052502 Inside Diameter 0.077927 m
Wall Thickness 16 Wal Thickness 0.0054364 m
Flow Area 0.0021643 % | 0.0047854
Bevies Cenficston Fouhprr GaVap| Tl Two Phase
/Napor wo
[ Device is Cetified for Gas Flow
0.7 0.975
[ Device is Cestified for lquid Flow Ovepressure Curve |0F-1 ~ |OP-1 ~ [OP-1
[[] Device is Cestified for Steam Flow Backpressure Curve |B7-1 L2 Lo
Slip Ratio Mukiplier 1
[] Device is ASME-SECTION | Certfed S Ratio B | 50007
[ Device is ASME-SECTION IV Certfied Mirimum Lt [0 [ m Letter |4
[ Device is ASME-SECTION VIl Certfied Maxemum Uit |0 |m Set Pressure |5 | Pa
[ Device is a Modulating Vaive . ) Reset Pressure [4.65 I
Actusl Orfice Flow Area |0.00083032] m2 e | 1re
[[] Device has a Restricted Lt . . Actual Blowdown  |-0.0003454 | %
Orifice Flow Area |0.00083032( m2 . N
J Max. Blowdown [0
oK Cancel

Figure 93: Pressure relief valve definition menu

A PRV can also easily be imported from a manufacturers database.

information is set pressure, reset pressure and orifice area.

By clicking on “import relief device” the database opens.

L%/ Import Relief Device
Relief Devices: (1087 found)

Essential

Source V] Manufacturers [ | NB-18
Source Menvfocturer . Mode! | Type Inlet - Qutlet Area Flow Basis
| Manufacturers ANDERSON GREENWOOD TYPE 243 ] 1 F 2 0.307 | API
Manufacturers ANDERSON GREENWOOD TYPE 243 p_ |15 [H 2 0.785|API
Manufacturers ANDERSON GREENWOOD TYPE 243 p_[15 [H 3 0.785|API
Manufacturers ANDERSON GREENWOQD TYPE 243 P 2 J 3 1287 | API
Manufacturers ANDERSON GREENWOOD TYPE 243 ] 3 L 4 2.853| API
Manufacturers ANDERSON GREENWOOD TYPE 243 p_|4a |p 6 638 [API
Manufacturers ANDERSON GREENWOOD TYPE 243 P 6 R 8 16 |API
Manufacturers ANDERSON GREENWOOD TYPE 243 p |8 |T 1026 [API
Manufacturers ANDERSON GREENWOOD TYPE 249 [ 1 F 2 0.307| API
Manufacturers ANDERSON GREENWOOD TYPE 249 ] 15 |H 2 0.785| API
Manufacturers ANDERSON GREENWOOD TYPE 249 ] 15 |H 3 0.785| API
Manufacturers ANDERSON GREENWOOD TYPE 249 D 2 il 3 1.2871API

ANDERSON GREENWOOD / TYPE 243
Flow Service Gas and Liqui v

Device Certification

¥ Device is Certified for Gas Flow
Device is Certified for liquid Flow
Device is Certified for Steam Flow
Device is ASME-SECTION | Certified
Device is ASME-SECTION IV Certified

& Device is ASME-SECTION VIlI Certified

Figure 94: PRV manufacturer list

NOTE: The pipe schedule before and after the PRV must fit the PRV size!
EXAMPLE: 2J3 PRV needs a pipe schedule 2 inlet, and a pipe schedule 3 outlet! This

must be adapted manually!

After successfully implementing the piping layout, click on “save” and “exit”.
SuperChems will now update the piping schedule in the scenario menu.
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£ SuperChems™ [ ] A

File | Define | Reports | BatchQ | Properties | Tools | QRA | Options | Help

s @ §f M Ad &

Scenario Site Equipment Piping  Chemical Metwork  Stream Facility Project
Layout » - Node . Data Notes
Objects Project Information
. @ Deraut
£ ) DOCUMENTATION LAYOUT
3

~ =+ DOCUMENTATION ONLY
@ Site DEFAULT
Y Mixture DOCUMENTATION MIX
4 Vessel DOCUM 5

PSFD

rimary Piping Layout DOCUMENTATION LAYS
-4 Segment NOZZLE IN

~) Segment IN

§ Pressure Relief Valve (orifice) PRV DOCUMENTATIO

], Stream
@ Project Data DEFAULT
b Models (2)

Figure 95: updated scenario menu

Any parameters can also be changed here (e.g., pipe schedule, PRV size, etc.) by
clicking on the piping segment.

9.1.12 Dynamic vessel: two-phase

After creation of the piping layout, a dynamic method can be run.
Right click on the models, choose “flow and source term” and choose “dynamic vessel:
two-phase”.

The input parameters stay the same to the previous dynamic model, since only the

piping layout has changed!
E '"L'm..‘o..m :mm::::*’

Bl - cocuminianon omy cancet | [upame | [N
@5ie DEFAULT
1 DOCUMENTATION MIX

¢ | Connectivity | Aun Parameters | Stop Condstions | Accuracy
DOCUMENTATION VESSEL

i1y Piping Layout DOCUMENTATION LAYOUT
I NOZZLE IN
oI

] V. =) PRV DOCUMENTATION
ent OUT

0 |w|dl |3 FIZ

@ Project Data DEFAULT

m Dynamic Vessels: Two-phase

Figure 96: dynamic vessel: two-phase model

The model can now be run!
NOTE: A dynamic simulation can take up to 30 minutes and longer depending on the
relief piping layout!
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NOTE: Superchems returns warnings during the simulation regardin
and opening of the valve.

IB TEAL - The Engineering Application Language - (Executing files] - o x

| &) el EED] / IBIU
B & w it @XRAC]SEWE

Execute C:\ICIQ\PSC10.0\SUPERCHEMS\WSUPER\SCUI_FLOW_M2P.EAL

phase change

(@]

File Edit Help

0.00000 h  74.462 °F 50.000 psig ( 7462.29 L, 37.71 v) 1b ( 0.00 L, 0.00 v) 1lb/h 71.64% % Full dPw= +0.00 psia I
+0.000 -0.000 1b/h
Set open status for PRV PRV DOCUMENTATION to 0
0.03189 h 90.677 °F 63.063 psig ( 7458.98 L, 41.02 V) 1b ( 0.00 L, 0.00 V) 1b/h 74.527 % Full dPw= +0.00 psia
+0.000 -0.000 1b/h
0.10844 h 127.768 °F 99.486€ psig { 7444.14 L, 55.86 V) 1lb ( 0.00 L, 0.00 V) lb/h 76.996 % Full dPw= +0.00 psia
+0.000 ~0.000 1b/h
PRV ERV DOCUMENTATION opened at 111.128 psig, Pset = 100 psig, Kp = 1 {
All vapor flow is condensing, V/F = 0.989744 1
Two-Phase: Starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress..Two Phas
densing, V/F
Two-Phase: Starting discontinuity at oUT, Segment [3/3]
Phase Boundary Check in Progress..Two Phase..
0.12992 h 137.786 °F 111.128 psig ( 7439%.87 L, 60.13 v) 1b ( 7.26 L, 205%7.75 V) 1lb/h 77.738 % Full dpw= -0.00 psia
+0.000 -20605.010 1lb/h
All var flow is condensing, V/F =
Two-Phase: Starting discontinuity at OUT,
Fhase Boundary check in Progress..Two Fhase 1
All vapor flow is condensing, V/F = 744 |
¢
H
]
RAM GAS/VAPOR FLOW: T = 268405. ds = 0 1.2 min used. 17.2 min 10 a0 NUM

Figure 97: dynamic simulation progress

NOTE: Phase change warnings!

E TEAL - The Engineering Application Language - [Executing files]

et e AlE] sl F S [ [BlU === sl=s
£ ¢ o texX A (SE

WARNING: Phase Change is occuring during flow. Solution may be in erreor. V/F = 0.991l. Use two-phase pipe flow instead or ~
change solver

WARNING: Phase Change is occuring during flow. Solution may be in error. V/F = 0.991. Use two-phase pipe flow instead or

change solver

WARNING: Phase Change is occuring during flow. Solution may be in errcr. V/F = 0.991. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in error. V/F = 0.991. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in error. V/F = 0.991. Use two-phase pipe flow instead or

change solver
WARNING: Phase Change 1s occuring during flow. Solution may be in error. V/F = 0.991l. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in error. V/F = 0.991. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in erreor. V/F = 0.991l. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in error. V/F
change solver
starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress. Initial State = Vapor..

0.13291 h 137.867 °F 108.260 psig ( 7396.90 L, ©0.79 V) 1b ( 0.00 L, 13987.18 V) 1lb/h 77.092 % Full dPw= -0.00 psia
+0.000 -13887.177 1lb/h
WARNING: Phase Change is occuring during flow. Solution may be in errcr. V/F = 0.993. Use two-phase pipe flow instead or
change solver
WARNING: Phase Change is occuring during flow. Solution may be in error. V/F = 0.992. Use two-phase pipe flow instead or
change solver v

PRV: Kp = 1.00.Kb= 1.00. Beta = 0.62. Pset= 10000 psig, Cd= 0.975, kinf= 1.04 [4.1 min used, 574 mintogo | [Num | 2

I
o

.991. Use two-phase pipe flow instead or

Figure 98: Phase change warnings during simulation

NOTE: SuperChems also returns output data on the initial state (in this case: vapor)!
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[m] X

B8 TEAL - The Engineering Application Language - [Executing files]

QIS BB 284S0 7 [BIU 4 === W= |
S 11@ XX E]YNIE) |

=

np P

Starting discontinuity at OUT, Segment [3/3] ~
Phase Boundary Check in Progress. Initial State = Vapor.. I
0.29862 h 180.606 °F  93.288 psig ( 6157.44 L, 101.75 ¥) 1b ( 0.00 L, 18177.39 V) 1b/h 64.092 % Full dPw= -0.00 psia ‘

+0.000 -19177.3%4 1b/h
PRV PRV DOCUMENTATION reseated/closed at 91.8842 psig, Pset = 100 psig
0.315988 h 187.492 °F 98.720 psig ( 6084.30 L, 109.09 V) 1lb ( 0.00 L, 0.00 v
+0.000 -0.000 1b/h
PRV PRV DOCUMENTATION opened at 110.364 psig, Pset = 100 psig, Kp = 1
starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress. Initial State = Vapor..
starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress. Initial State = Vapor..

lb/h €3.789% % Full dPw= +0.00 psia

0.33457 h 197.064 °F 110.364 psig ( 6074.62 L, 118.76 V) 1b ( 0.00 L, 22275.39 V) 1b/h 64.530 % Full dPw= -0.00 psia
+0.000 -22275.386 1lb/h
starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress. Initial State = Vapor..
Starting discontinuity at OUT, Segment [3/3]
Phase Boundary Check in Progress. Initial State = Vapor..
0.33457 h 197.064 °F 110.364 psig ( 6074.62 L, 118.76 V) 1b ( 0.00 L, 22275.39 V) 1b/h 64.530 % Full dPw= -0.00 psia

+0.000 -22275.386 1lb/h

Starting discontinuity at OUT, Segment [3/3]

Phase Boundary Check in Progress. Initial State = Vapor..

Starting discontinuity at OUT, Segment [3/3]

Phase Boundary Check in Progress. Initial State = Vapor.. {
0.33588 h 196.792 °F 108.917 psig ( 6042.93 L, 119.03 v) 1b ( 0.00 L, 22041.21 V) 1b/h 64.118 % Full dPw= -0.00 psia| |

+0.000 -22041.212 lb/h‘ ‘

PRV: Kp = 1.00. Kb= 1.00. Beta = 0.62. Pset= 100.00 psig, Cd= 0975, kinf= 1.04

29.3 min used, 2.4 hrto go NUM

Figure 99: simulation initial state information

The result menu is equal to the one in the previous simulation.

9.1.13 Toluene relief — Combinations of different thermodynamic flow path and
nozzle flow methods

The following figures show the results of four different combinations of dynamic
simulations using a toluene example. The thermodynamic flow paths (isentropic or
isenthalpic) and the nozzle flow methods (dH or VdP integral) have been applied in all
combinations.

Figure 100 shows the results for a dynamic simulation using the isentropic
thermodynamic flow path and the dH nozzle flow method.

¢ Dynamic Vessels: Two-phase
Inputs | Results | Charts | Toolbex | Notes | Data Sets

Summary | Flows | Profiles | Detailed Profiles | Composition

Export
Vessel Options & Considerations Relief Piping
User defined heating/cooling Vessel Connection _ Relief Piping Backpressure bara  Flow type
TOP: Primary Piping | LOSS OF COOLING MIN AREA| 10133 | Two-phase|
Overall Balance Design Boundaries
Initial Final Final - Initial Maximum Time s Point
Time s 00000 7200 7.200 Pressure bara 3281 536 8 0.66 x DESIGN P
Temperature G 1568 3727 3570 dp/dt bara/s 05310 1045 4
Pressure baa 3200 1857  -1343 Temperature c 3727 31651 236 13.98 x DESIGN T
dT/at ‘s 4381 29691 235

Vapor mass kg 00900 00230  -00670 Impulse N 3707 6665 11
Vapor volume m' 00100 00460  0.0360 Fire heating input W 0.0000 00000 0
Liquid mass kg 25910 00000  -25910
Liquid volume m’ 0.0360 0.0000 -0.0360
Total mass kg 26000 00230  -25977
Total volume m’ 00460 00460  -2002243t-08
Volume Full of Liquid % 77935 00000  -77935

Composition Balance

Initial Liquid Final Liquid Initial Vapor Final Vapor Initial Total Final Total Change Total

TOLUENE kg 25910 0.0000 00900 00230 26000 00230 -25977
Totals 25910 0.0000 00900 00230 26,000 00230 -25.977

Figure 100: Dynamic simulation results (toluene) - isentropic & dH
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Figure 101 shows the results for a dynamic simulation using the isentropic
thermodynamic flow path and the VdP nozzle flow method.

Inputs | Results | Charts | Toolbox | Notes | Data Sets
| summary | Fiows | Profies | Detaied Profiles | Composition |
| Ewpon
Vessel Options & Considerations - Relief Piping
[User defined heating/cooling ]
‘ | TOP: Primary Piping | LOSS OF COOLING MIN AREA|1.0133 | Two-phase
Overall Balance Design Boundaries
Time s 10.0000 7,200 7,200 Pressure bara 3.285 5.089 7 0.66 x DESIGN P
Temperature iC 1568 3727 3570 | dp/dt bara/s 05300 10732 39 |
Pressure bara 3.200 1832 -1.368 Temperature °C 3727 58912 208 13.98x DESIGN T
| dT/dt “cls 2073 49204 207 |
Vapor mass kg 0.0900 00500 -0.0410 Impulse N 3721 6473 10
Vapor volume m 00100 0090 00880 | Fire heating input W 0.0000 00000 0 |
Liquid mass kg 25910 00000  -25910 |
Liquid volume m* 00360 00000  -0.0360
Total mass kg 26.000 0.0500 -25.950
Total volume m® 00460 00980 00520 |
Volume Full of Liquid % 77.935 0.0000 -77.935
Ce Balance
TOLUENE kg 25910 00000 00900 00500 26,000 00500 -25.950
|
Totals 25910 00000 00300 00500 26.000 00500 -25.950

Figure 101: Dynamic simulation results (toluene) - isentropic & VdP

Figure 102 shows the results for a dynamic simulation using the isenthalpic
thermodynamic flow path and the VdP nozzle flow method.

Inputs | Results | Charts | Toolbox | Notes | Data Sets
 summary | Fiows | Profiles | Detaited Profites | Composition |
| ewpon
- Vessel Options & Considerations ——— - Relief Piping
| User defined heating/cocling ]
‘ ‘ TOP: Primary Piping |LOSS OF COOLING MIN AREA| 1.0133 | Two-phase
Overall Balance Design Boundaries
Time s 0.0000 7,200 7,200 Pressure bara 3281 5326 8 0.66 x DESIGN P
Temperature < 1568 3727 3570 | dp/dt bara/s 05310 1045 41 |
Pressure bara 3.200 1857 -1343 Temperature °C 3727 31651 236 13.98 x DESIGN T
| dT/dt “Crs 4381 20691 235 |
Vapor mass kg 0.0900 00230 -0.0670 Impulse N 3707 6.666 n
Vapor volume m* 00100 00460  0.0360 | Fire heating input W/ 0.0000 00000 0 |
Liquid mass 25910 00000  -25910 |
Liquid volume m’ 0.0360 0.0000 -0.0360
|
Total mass kg 26.000 0.0230 -25977
Total volume m' 00460 00460  -202243E-08 |
Volume Full of Liquid % 77.935 0.0000 -77.935
C Balance
TOLUENE kg 25910 00000 00900 00230 26,000 00230 -25.977
|
Totals 25910 00000 00900 00230 26,000 00230 -25.977

Figure 102: Dynamic simulation results (toluene) - isenthalpic & VdP
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Figure 103 shows the results for a dynamic simulation using the isenthalpic
thermodynamic flow path and the dH nozzle flow method.

| @ Dynamic Vessels: Two-phase |
inputs | Results | Charts | Toolbox | Notes | Data sets |
Summary | Flows | Profiles | Detaited Profies | Composition

Export

Vessel Options & Considerations Relief Piping

User defined hesting/cooling ] Reliet Piping Backpressure baraFlow type
||| |7 Prmary iging 055 oF coouna M aRea 10133 |Two-phase
Overall Balance Design Boundaries.
Wil Final  Final- Iitl Maimum  Tmes  Point
Time s 0.0000 7,200 7.200 Pressure bara 3272 4.650 10 0.66 x DESIGN P
Temperature “c 1568 3721 3,570 dP/dt bara/s 0.5290 10406 a7
Pressure bara 3.200 1826 -1.374 Temperature C 3721 75063 215 13.98 x DESIGN T
arfat s 2065 49325 oM
Vapor mass kg 0.0900 0.0500 -0.0410 Impulse N 3752 6.049 15
Vapor volume m’ 0.0100 0.0990 0.0880 Fire heating input w 0.0000 0.0000 0
Liquid mass k2900 00000 25310
Liquid volume m* 00360 0.0000 -0.0360
Total mass kg 26.000 0.0500 -25.950
Total volume m 00460 0090 00530
Volume Full of Liquid % 77.935 0.0000 -77935
< ition Balance
Iitiolliquid  Finelliquid  IniialVepor  FinalVapor  InitalTotal  FinalTotal  Change Total
TOLUENE kg 25910 0.0000 0.0900 0.0500 26.000 0.0500 -25950
Totals 25910 0.0000 0.0900 0.0500 26.000 0.0500 -25.950

Figure 103: Dynamic simulation results (toluene)

9.1.14

- isenthalpic & dH

SuperChems — Example for a dynamic two-phase relief

Figure 104 shows an example of the results menu for two-phase relief in SuperChems.

‘¢ Dynamic Vessels: Two-phase ‘
inputs | Results [ Charts | Toolbox | Notes [ Data sets |

Summary | Flows | Profiles | Detailed Profites | Compasition

Export

Relief Piping

Vessel Connection  Relief Piping  Backpressure bara  Flow type.

TOP: Primary Piping | ESSILOR PIPING | 10133 |vapor |
Overall Balance Design Boundaries
Initial Final Final - Initial Maximum Time min Point
Time min 00000 1200 1200 Pressure bara 2815 0.0000 0 1.00 x DESIGN P
Temperature € 1314 1211 -10360 P/t bara/min  15731E-08 04210 9
Pressure bera 2815 2051  -07640 Temperature € 1314 0.0000 0 0.32 x DESIGN T
dT/dt “C/min 2.637026-07 04210 9

Vapor mass L] 29.498 22225 -7273 Impulse kgf 07370 0.0350 1
Vapor volume L 19183 19411 02280 Fire heating input W 0.0000 0.0000 0
Liquid mass 9 7811 1724 -1469
Liquid volume L 8428 8200 -0.2280
Total mass g 7900 7746 -1542
Total volume L 27612 27612 -175482E-05
Volume Full of Liquid % 30524 29699 -08250

c ition Balance

Gid  Finalliquid  Initial Vapor Initial Total  FinalTotal  Change Total

WATER 7871 7724 29498 22225 7.900 7,746 1542
Totals 7871 7,724 29.498 22225 900 7,746 -1542

Figure 104: External fire - dyanmic two-phase relief example

Figure 105 shows the result values for a two-phase relief first flow.

|Flow or relief device opening time

min 0.0000 Data point 0

|Pressure bara 28150

Temperature c 1314363

Exit Pressure bara 10133

Exit Temperature °C 100.0178

|Liquid flow rate g/min 16.0302

§Vapor flow rate g/min 513.7560

jFI!St flow impulse kgf 31.0280

|% irreversible inlet pressure loss (1st device) 71.0689

(s backpressure (1st device) 0.0000

% irreversible inlet pressure loss (2nd device) 0.0000

|% backpressure (2nd device) 0.0000
i(hemvcal Liquid  Vapor Total
iWATER g/min 16.0302 513.7560 529.7862

Figure 105: External fire - two-phase relief first flow composition
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9.2 ChemCad - Step-by-step documentation

After opening the ChemCad program, the engineering units must be selected under
the “home — engineering units” tab. A user specific profile can be created. In this case,
the units were adapted to fit TUV SUD’s project units.

R s
7 Siiasate] [~ | o
e G 0, [ Al e
Seed  Themmodinamic = et ea Bun Charts Reports
QAN = | companents ™ Sviinge ™ BB View Components  suoums Unkgps 5} Rum Reaes "o Rt g
~ | Palette -8 x
Cuares Fowshed Seings:  TUY D Swvea |+
System Profiles Al Undops | Grayscale
ik Fundamental FAud Aaw Puid Progerties.
Englsh ) ~
Cetaut rofle T P st Vokoms Rite 3 Sl HemCasey ek —
< i Mole/Mase i - Naper Vome Rate m3h - Spectic Heat kg -
Feed  Pdut
Formai S Tengacsion c - Vaper Derty W3+ | Heat TaneteConl.. | Wiz
[ = - Linsd DeraityCon_ kg3 E] T
e |
Erthapy W Cue owRle  man J
. N Baghose Bz
User Profiles Worke Cl - Velacty mises Faer Ditlaton
TOW SUD Dwmermons e E‘
Trckres - - T )
Dt n [0 R i}
Arma om; el g
CAPEQPEN  Centel
i
Certifugel  Comparnent
Sedimertakn  Separator
ctiors. -~ =1
< Defsd | 10132858 bar ohdar | 0BC - -4
Conpressor  Gortrel Valre
- roe - Custom Custem
Set Dt Delete
o I ] Qw
Gortuber Crsher
g 9
~ H
I 5 e Cychone
B Untited”  x - _
Hest Exchangars : Grayscaie
Messages I e —
Wiscesaneous | Grayscals
Run Time Error and Warning Messages: [Piing anc Flow: Grayscale |
No Run Time Errors or Warnings Reaciors
No. of errors = 0, No. of wamings =2 Separators - Grayscale
Errors ana wamings | Notifiaions  Notes ‘Solids handling - Grayscale
Steady state Comveiged L T

Figure 106: Selecting engineering units

9.2.1 Select components

To choose components from the ChemCad database, the “home - select components”
tab is used. In this example simulation, Toluene is chosen as the only component.

cH
File Home " View  Themmophysical  ComponentDatabase  Spedfication  Analysis  Sizing  Tools
(i Paste 3¢ )} £ Engineering Units ﬁ’ D Steady State D Dynamic . Property Set. Report Viewer
¥ o Select L I Convergence... 7 hun setectea ® Stream Property - Internal Viewer
hermodynamic Edit Edit Run Charts  Reports
By Q Find ~ Settings I View Components | streams= UnitOps | [ Run Recydes g = - a8
Edit Setup Spedification Run Results
Available Comporents: Selected Components:
ID ¥ Name v|CAS.. ¥ Fom.. ¥ LastModii. ¥ Souce” /Top | |name CASR... LastModf.
1 Hyerogen 1333740 H2 2016/07/010... System Toluene 1086 DIDYIE...
2 Methane 74828 CH4 2016/07/010... System
2 Methyl hychide 74828 CH4 2016/07/010... System
3 Bimethyl 74840 C2HG 2016/07/010... System
3 Dimethyl 74840 C2HE 2016/07/010... System
3 Ethane 74840  C2HG 2016/07/010... System
3 Ethyl hydride 74840  C2Hg 2016/07/010... System N
3 Methyimethane 74840 C2HG 2016/07/010... System
4 Propyl hydnde 74966 C3H 2016/07/010...  System
4 Dimetfyimethane ~ 74-986  C3H 2016/07/010... System
4 Freon 290 C3HB 2016/07/010... System
4 n-Propane C3Hg System Down
4 Fropane C3HB System
<E P cain  onieocan e < o
ForEn Delete Clear
Copy From Anther Simulation
Optians Advanced Cancel 0K

Figure 107: Selecting components
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9.2.2 Select thermodynamic model

After the selection of the components, ChemCad asks for a user input regarding
process temperature and pressure range to suggest thermodynamic models. The
suggestions are made based on the temperature and pressure range as well on the
components selected for the simulation. In this example, toluene is the only component
and therefore the ideal vapor model is sufficient. If a mixture is used for the simulation,
other thermodynamic models are suggested depending on the process parameters.

2¥ - Thermodynamic Suggestions - 5

The zelection of thermodynamic models i bazed on the
component clazs data awvailability az well as the T/P operation
range of the process. Use the suggestions of the expert system
az a guide only.

Select components boignare (2.0, non process utilities)

<Mones w | Mones e
<Mones w | ¢Monesr e
<Monesx w | <Mones -

Fleaze enter the temperature/preszure range of the process:

Temperature Min |2|:| C

Temperature b ax 200 C

Prezsure Min 1.01325 bar
Prezzure Max E.5 bar

BIF data threshald |n.5

Help Cancel ‘ k. ‘

Figure 108: Thermodynamic suggestions menu

The suggested K-model is the ideal vapor pressure model, and the suggested enthalpy
model is the latent heat model.

CHEMCAD MXT 1.0.2 x

Selected K = V&P, H = LATE

Figure 109: Thermodynamic model suggestion

The suggested models will be used for the simulations. The suggestions are being
repeated for every new case.
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%% Thermodynamic Settings - %

K-walue Madels Enthalpy Models | Transport Properties

ot siueliiods] Global Phase Option:

& “apor/Liquid/Solid
" WaporLiquid/Liquid /S olid

|deal Y apor Prezsure [Faoult's Law) ~ |

‘waterHydracarbon S olubility:
& Miscible

" Immiscible

Ethane/Ethylene, Fropane/Fropylens:
% Regular SRE/PR BIP:

(" Special SRK/FR BIPs ‘wilzon model zalk <None> ~
Wapor Phase Association: Mo. of BIP sets 1
MNa association v Default BIF set 1

[~ Set Herry components

Wapor Fugacity/Fopnting Correction: [~ Set local thermodynamics
" Carrection using SRE [ Clear all local thermodynarnics
& Mo Comection [vw Reflazh input streams for local H models.

SREAPR Alpha function:

(¥ Standard SRK/PR

" Boston-hathias extrapolation

[~ Special PSRK Gas/Physical Solvent Package

Help Options in gray are not applicable for this K-value option Cancel ‘ ok ‘

Figure 110: Thermodynamic settings menu (K-value)

[~ Thermo Acceleration option

=¥ Thermodynamic Settings - b

K-value Models Enthalpy Madels Transport Propertties

Global Enthalpy kMaodel:

Latent Heat ~

|deal gas heat capacity:

_ DIFFR ~
™ Use heat of solution file
- Usesl | el Steam table
se electralyte enthal
Y w 1P/ IFE7 ~
™ Heat of Mixing by Gamma ™ Compressed water pressure comection for stearn table

Mate: The BIPs from*%LE data may not be svitable for
heat of mixing by gamma. Use thiz option carsfully.

Help Cancel ‘ ok ‘

Figure 111: Thermodynamic settings menu (enthalpy)
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9.2.3 Create feed and product stream

Using the drag and drop option of ChemCad, a feed and product arrows can be created
on the user interface. Feed and product must be connected by clicking on the feed
arrow and dragging it to the product arrow. ChemCad automatically creates a stream.
In this example the created stream has the number one.

—>

=]

Figure 112: Feed and product arrow creation

To start the sizing calculation, the feed stream must be specified. By double-clicking
on the feed arrow, the “edit streams” menu opens. Temperature, pressure and vapor
fraction define a stream. Two of these three parameters must be entered for a flash
calculation of the missing parameter. In this example, temperature and pressure are
entered. The vapor fraction is then calculated by ChemCad. Furthermore, the stream
composition must be entered. In this example toluene is the only component and is
therefore set to “one”.

Flash Cancel

Stream No. 1
WT&W‘I‘N\

Vapor Fraction 0
Enthalpy kJ/sec 132.0435
Total flow 1
Total flow unit kg/sec

Comp unit h
( Toluene | 1

Figure 113: Inlet stream specification
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9.2.4 Relief device sizing

To do a relief device sizing calculation, the “sizing — relief device” tab must be selected.
A stream must be selected by clicking on the number.

CHEMCAD NXT 1.0.2 - [External Fire Case*]
File Hol

B8 &g

Trays Packing  Shelland
Tube

Air Cooler
Distillation Heat Exchanger
X
Type stream Ds or select streams with the left mouse button.
To selsct all streams, click flowsheet and then press [CTRLA]
(\ l/ =
Cancel

| Hide

“F Al streams
=) Feed Streams

@+ Product streams

6‘ Cut Streams

Groups

>

Figure 114: Basic relief device sizing — external fire case

®
|
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9.2.5 Enter vessel and Relief device data

Vessel and relief data must be entered in the DIERS for Relief Device Sizing menu. In
the device type section, the device type must be selected and if the relief device area
will be calculated exactly or if the next best device is chosen from the API table.

Vessel | Model Selection ‘ Inlet/Outlet Piping | Feporting | Fluid Properties |

‘Yezsel Composition
Stream number

tMode Design. Pressure vessel ~

Relief valve

Corventional

Fielief valve type

Use calculated size only.

WEssel Type Wertical vessel

Discharge coeff 0.7

Diameter 0.61 Initial Condition:
Cylinder length 0.49 Liguid level 0.34 m
Flat Vapor val frac.
Press ]
Top head type Same as bottom head type ~ Gt pressure e 0
Top head depth ratio Back pressure 1.01325 bar
Elgvation m & Overpressure 10

Help Cancel | Ok |

— B -

Figure 115: Basic relief device sizing menu (vessel and relief device type) — external fire case
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Under the model selection tab, the design method, latent heat option and the vessel
model must be chosen. The average value latent heat option is the method used in
DIERS and API. It uses the average of latent heats of vaporization for components to
calculate the vent. Also, the environmental factor must be entered. If adequate fire
facilities exist, the respective checkbox must be checked. Furthermore, the desired
heat model must be selected. An additional heat rate can always be entered in the

respective section.

=¥ DIERS for Relief Device Sizing -

Inlet/Outlet Piping |

Heat M@del— Specify heat rate

Design method Rigorous integral analysis

Rigorous minimum value v

Latent heat option

Vessel model Bubbly v

Yent flow model HEM [Homogeneous Equilipsim ~

Constant H

id Properties |

v Ffactor (004 } — 5
[~ Capacity certificalion requied “ddtional heat rate 6 ks
Liquid relief only: apor relief only:
Kp Kb
Kw
Ky
Help Cancel | Ok |

Figure 116: Basic relief device sizing menu (model selection) — external fire case

9.2.7 Specify piping

Inlet and outlet piping can be specified in the inlet/outlet piping tab. In this example, no

piping was present and therefore this section is left blank.

Veszel Model Selection Inlet/Outlet Fiping ‘ Reporting Fluid Properties

Inlet Pipe Outlet Pipe
Inlet pipe diameter m Outlet pipe diameter m
Equivalent length m E quivalent length m
Inlet fric.. factar COlutlet fric. factor
Inlet roughness m Outlet roughness m
Diata transter to simulation B e ’
Transfer inlet to stream 1D
Transfer outlet to stieam 1D
Transter ta Dpnamic Wessel

Help Cancel oK

-
ki

>

Figure 117: Basic relief device sizing menu (inlet/outlet piping) — external fire case
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9.2.8 Run the simulation

The simulation can now be run by pressing the OK button.

9.2.9 Results — external fire case (steady state)

Figure 118 shows the sizing report for the external fire case. Vent rate and vent area
as well as additional output information can be found in the bottom section of the report.

Relief Dewvice S5izing for Stream 1

Device type: Relief walwve

Valve type: Conventional wvalwve

Vent model: HEM (Homogenseous Equilibrium Model)
Vessel model: Bubbly model

Design model: Specify heat rate

Specified heat rate: 6.67 kJ/sec
Design, Pressure wvessels.

BEigorous integral analysis used for design case.
Vertical wessel

Head type: Flat

Head K factor (dpth / R): Q

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.49 m
Vessel wvolume: 0.1432 m3
Liguid lewvel: 0.34 m
Initial wapor volume fraction: 0.30612

Height abowve ground: 0 m

Fluid properties:

Vapor mass: 0.23631 kg
Ligquid mass: 75.026 kg
Vapor density: 5.3507 kg/m3
Ligquid density: T55.07 kg/m3
Surface tension: 0.015637 H/m
Liguid wiscosity: 0.00019485 N-s3/m2
Vapor Z factor: 0.594879

Cp/Cw: 1.0817

Vapor MW 92.141
Liguid heat capacity: 2.0968 kJ/kg-K
Latent heat: 346.26 kJ/ kg

Eelief device analysis:

Set pressure: 1.8 bar
Back pressure: 1.0132 bar

% Overpressure 10
Temperature: 133.91 C
Discharge coefficient: 0.7

CO radial distribution parameter: 1.2

* Pb/Pmax > 0.5 for conventional walve.

Eb Backpressure corr. factor: 0.99337

Heat rate: 6.67 kJ/fsec

Vent area based on all wvapor vent is used.

0.44033

Cale ed nozzle area:
2 based on area: 0.44033
alculated wvent rate 0.019244
Calc critical rate 0.01%9244 kg/sec
Calc critical press 1.1057 bar
ozzle inlet wvap. mass fraction: 1

egice inlet density: 5.3907
vap. vol. fractiomn:

Figure 118: Results report externat fire case (steady state)
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9.2.10 Maximum Heating case
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To size the maximum heating case, another simulation stream can be created within
the same project file. By repetition of the previously described steps, another stream
is created. Vessel and compound specification must be repeated. The thermodynamic
models will stay active for the whole simulation file and do not have to be chosen again.
To account for the maximum heating case, the “sizing — relief device” tab must be
clicked, and the respective stream must be selected. After the definition of the vessel
geometry (same vessel as in the external fire case) the models must be chosen, and
the heat rate must be specified. In this example, the heat rate for maximum heating is

31kw.

todel Selection Inlet/Outlet Piping Reporting

Rigorous integral analysis ~ Heat Model— Specify heat rate

Latent heat option Rigorous minimumn value

Wessel model Churn-turbulent ~

Went flaw model HEM [Homogeneous E quilibrium

2t flazh mode Conztant H w

WV lgnorelleapor case

Fluid Properties

w

v Adequate fire facilities exist

F factor (0.04
iti il
|~ Capacity certification required facditiopallieatliste kl/sec

Liquid relief anly: Wapar relief anly:

o [ | ‘o
w ]
o [ ]

1]

Help

Cancel ‘ 0K |

=]

E—
— A

Figure 119: Basic relief device sizing menu (model selection) - maximum heating case
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9.2.11 Result - maximum heating case (steady state)

Figure 120 shows the sizing report for the maximum heating case. Again, the vent area
and rate can be found in the bottom section of the report.

Relief Device S5izing for Stream 2

Device type: Relief wvalve

Valve type: Conventional wvalve

Vent model: HEM (Homogeneous Equilibrium Model)
Vessel model: Churn turbulent model

Design model: Specify heat rate

Specified heat rate: 31 kJ/sec
Design, Pressure vessels.

Rigorous integral analysis used for design case.
Vertical wvessel

Head type: Flat

Head K factor (dpth / R): 4]

Vessel dimensions:

Diameter: 0.6l m
Length (T to T): 0.49 m
Vessel volume: 0.1432 m3
Ligquid level: 0.34 m
Initial wapor wvolume fraction: 0.30612

Height above ground: 0m

Fluid properties:

Vapor mass: 0.23631 kg
Ligquid mass: 75.026 kg
Vapor density: 5.3907 kg/m3
Liguid density: 755.07 kg/m3
Surface tension: 0.015687 N/m
Ligquid wiscosity: 0.00019485 N-s/m2
Vapor Z factor: 0.9487%

Cp/Cw: 1.0817

Vapor MW S92.141

Liguid heat capacity: 2.0968 kJ/kg-K
Latent heat: 346.26 kdSkg

Relief device analysis:

Set pressure: 1.8 bar
Back pressure: 1.0132 bar
% Overpressure 10
Temperature: 133.891 C
Discharge coefficient: 0.7

CO radial distribution parameter: 1.5

* Pb/Pmax > 0.5 for c i

corr. factor:

t area based on all vapor wvent is used.

Calculated nozzle area: 2.0465
Rate based on area: 2.0465 cm2

Calculated wvent rate 0.089438 kg/sec
Calc critical rate 0.089438 kg/fsec
alc critical press 1.1057 bar

le inlet wvap. mass fraction: 1
Device~aglet density: 5.3907
Hozzle inlet ol. fraction:

Figure 120: Results report maximum heating case
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Relief Device

Stream No.

Name

- - Overall - -
Molar flow kmol/sec
Mass flow kg/sec
Temp C

Pres bar

Vapor mole fraction
Enth kJ/sec

Tc C

Pc bar

Std. sp gr. wtr =1
Std. sp gr. air =1
Degree API

Average mol wt
Actual dens kg/m3
Actual vol m3/h

Std lig m3/h

Std vap 0 C m3/h

Figure 121: Relief device outlet compositions - maximum heating case

187

186

185

184

bar

183

182

181

Outlet Compositions

10104
Total

0.0010
0.0894
131.6579
1.0132
1.000
61.125
318.6400
41.0800
0.872
3.181
30.8079
92.1410
2.8522
112.8864
0.3693
78.3221

10105
Vapor

0.0010
0.0894
131.6579
1.0132
1.000
61.125
318.6400
41.0800
0.872
3.181
30.8079
92.1410
2.8522
112.8864
0.3693
78.3221

Vessel Pressure with Relief Area

=
> >
s

I

Figure 122: Vessel pressure curve - maximum heating case
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9.2.12 Flowsheet creation — external fire case (dynamic method)

s
¥

Vent

Figure 123: Flowsheet external fire case (dynamic method)

9.2.13 Stream specification

The inlet and charge streams must be defined by temperature, pressure, and vapor
fraction. Two of the three must be entered for a flash calculation of the other parameter.
The respective streams can be specified by clicking on them.

Edit Streams x

" Cancel oK
Stream No. 4

Stream Name Inlet
Temp C

Pres bar
Vapor Fraction
" | Enthalpy kifsec | 1.320435e-010
Total flow 1e-012
Total flow unit | ka/sec
Comp unit kg/sec

Toluene 1e-012

Figure 124: Inlet stream specification - external fire case (dynamic method)
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Table 33 lists the stream input data for the dynamic fire case with specified heat input.
The data for all vessel output streams are left blank since they will be calculated during
the dynamic simulation. The inlet stream composition cannot be zero for simulation
reasons (division by zero). The composition for the vessel charge is set to one since
toluene is the only component (specify composition and liquid level).

Table 33: In- & outlet stream specifications - external fire case (dynamic method)

Stream Inlet Vapor_out Liquid_out Vent Charge
Temperature [°C] 20 0 0 0 25
Pressure [bar] 1 0 0 0 1
Vapor fraction [-] 0 0 0 0 0
Composition [-]  1.00E-12 0 0 0 1

9.2.14 Dynamic mode and stream recording

To run a dynamic simulation in ChemCad, the dynamic option must be selected as
Figure 125 shows. Also, the run time must be specified for the dynamic simulation. The
“record streams” option can be used to record streams dynamically. ChemCad will
output a dynamic chart of the chosen stream or unit operation.

CHEMCAD NXT 1.0.2 - [External Fire Case®]

File Home  Drawing  View  Thermophysical Component Database Specification  Analysis

[fy Paste X Q y & Engineering Units D Steady State
Y i o e

o Select ~ % Convergence...
Select Thermodynamic Edit Edit
By QFind *  Components  Settings [ View Components | Streams= UnitOps ||

Dynamic

(© 5et Run Time... ~

> =) Property Set Report Viewer

Stream Property - Internal Viewer
Run from Charts = Reports
itial State = - - @8

(© setRunTime..

3 Record Streams...

Edit Setup Specification Results

[l Record UnitOps...

— > o~ I
— S—
o
7
Vap_out
——— D s
‘
6
Lig_out
>

Figure 125: ChemCad dynamic mode — external fire case

104



HAW
HAMBURG

To track the vessel pressure, the record unit operations tab must be selected and “unit
operation one” is chosen. Also, the checkbox for “chart” is checked.

=B - Record UnitOps - X
[ Select UnitOps from flowsheet
Or enter the UnitOp 1D below:
D Chart 1D Chat 1D Chart D Chart D Chart
1 v r r [~ r
r r r [~ r
r I I [~ I
r r r [~ r
r r r [~ r
r I I [~ I
r r r [~ r
r r r [~ r
r I I [~ I
r r r [~ r
Cancel Ok

Figure 126: Equipment tracking (dynamic mode)
After clicking OK, “calculated pressure” is chosen as a variable and is acknowledged
by clicking OK.

=¥ - Dynamic Equipment Chart Options - >

Flot frequency Tirme unit | ik w
E quipment (D

“ariable | 42 Calc press. | | <Mones e

4 Calc temp. A e Nones "
42 Calc press.
43 Cale lev 1 <Mone: w
44 Calc lev 2 N
45 Veszzel vol, =
46 Calc L wal 1 <Manes et
47 Cale L wal.2
43 Cale Wap wal
Chart title | 43 Overall |
51 Kb
*-awiz title | 52 Kp

B3 K Cancel ‘ (] |
54 K

55 Relief mass Wf

A6 Device Type

57 Spec. level 1

B8 Spec. level 2

B0 Calc Ligl mole

B1 Calz LigZ male

62 Calz Ligl mass

B3 Calc Lig2 mazs

G4 Liq only flag

B8 Ligl mole holdup

69 Lig? male haldup

70 Ligql mazs holdup

71 Lig2 maszz holdup

72 Comphwiork, flag

3 Calc Mazimum P

5 Charge ophion

32 Voldlevel flag hd

Figure 127: Plot creation for dynamic tracking
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Stream must be selected for tracking during dynamic simulation for ChemCad to output
the respective streams. The streams to be tracked are selected in the “dynamic — set
run time — record streams” tab. The stream numbers can either be entered manually
or can be selected from the flowsheet by clicking on them. To create a chart, the
respective checkbox must be clicked as Figure 128 shows. In this example, the vent
stream (stream number three) is being recorded.

=¥ - Record Streams - x

[~ Select streams from flowsheet
Or enter the stieam |Ds below
D Chart (o] Chart D Chart ID Chart I Chart

Flr [Jr Q- - -
o 0 e [ r
[ ' 1 1 [ 1 [ |r
=== r [ ] r
i w8 s o s A Y 5
o s e N
o I I Y s
r[r[rc r ¢
—r O Hdr O
[ = = e = | r ] r

=]
b

Cancel

Figure 128: Stream tracking (dynamic mode)
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9.2.15 Vessel and relief data input

After the specification of the streams, vessel and relief device data must be entered by
double-clicking on the dynamic vessel symbol on the flowsheet. In the “general” tab in
the dynamic vessel menu, the vessel geometry, the initial charge option as well as the
thermal mode of the vessel is defined. In this example, the thermal mode is “flash with
heat duty” and the heat input is 6.67 kW as in the steady state external fire simulation.
This example uses the “specify composition and liquid level” initial charge option. Using
this option, the initial liquid level and the charge composition must be defined. Since
toluene is the only component in this example, the composition of the initial charge is
one.

=# - Dynamic Vessel - X

General Outlet Flow Relief Device Calculated Results

Initial conditio

® Verlical Vessel
" Horizontal Vessel

[~ Specify vol vs. leW

1 Specify composition & liquid level L

Diametes |0. 61
\ Cylinder height  [0.49

034 | o

nitial liquid level 1

Head type Flat v

evel 2
Iritial utility outlet T

Vessel Thermal Mode Optional Input

Inlet nozzle position from top | m

[ Include liquid static head in output streams

1 Flash with keat duty v

Heat duty |B. 67 klisec,

[~ Three phase flash (vapor liquid liquid)
[ Include compression / expansion effect
v Recorder on

Help Cancel | 0K |

Figure 129: Dynamic vessel general menu (geometry, thermal mode & charge option) — external fire case
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In the relief device section of the dynamic vessel menu the nozzle area from the steady
state calculation is entered (in this case 0.4433 cm?). Also, the vessel model, the
device type, relief data, vent flow model and the fire model must be entered. The “outlet

flow” section is only of interest if continuous processes shall be simulated and is left
blank in this example.

=¥ Dynamic Vessel - X
General | Outlet Flow | Relief Device Calculated Results
DIERS relief device specifications D: 1
Nozzle area 0.4433 cm2 Went flow model  HEM [homogeneous equilibrium) — ~
Yessel model Bubbly 2 v  Adequate fire facilities exist
Device type Relief valve Fiomd 0 No fire v
co 1.2 F factor 0.04
[ lgnore top head area in exposed area calculations
Discharge coeff [0-7
Above ground :\ m For vapor relief only:
Pressure data Kb
e ‘ 18 bar For liquid relief anly:
Back pressure 1.013 bar Kp
Max pressure [ bar Kw
Ky

Stream ID: 3
Help | Cancel | oK |

Figure 130: Dynamic vessel general menu (relief device & fire model) — external fire case

9.2.16 Vessel pressure and level — external fire case

Equipment 1 Dynamic Chart

—@— Cale press (bar)
—@— Calc lev 1(m)

05

vvvvv|vvvvrvvvvv|vvvvrvvvvv|vvvvrvvvvvlvvvvrvvvvrlvvvvrvvv%r LN I s B e
Jio| a0 ri0 seo iico 14k teso 1650 3LE co ko 2R 370 BE0 eco 40 R0 4570 srf 4800 040 SE0 S5a0 $40 €000 E540 EAd €50 ERE0 ThGo Tado Tes T30 8180 80

Figure 131: Vessel pressure and level (dynamic mode) — external fire case
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9.2.17 Dynamic maximum heating simulation

The dynamic maximum heating case can be simulated either by specifying the heat
load in the dynamic vessel general menu or by adding an additional utility stream to

the simulation flow sheet as shown in Figure 132.
3
Vapor_out

(D
= 4
>
= [
Toluene_in
6 7
Heating medium Aux_heating_out

5
Liquid_out

Figure 132: Flowsheet maximum heating case (dynamic method)

Table 34 lists the input and output stream as well as the vessel charge specifications.
Again, the toluene inlet stream must have a very small composition for simulation
reasons (division by zero).

Table 34: In- & outlet stream specifications (dynamic method) - maximum heating case

Stream T[°C] P[bar] Vap.Fr.[-] Comp.[-] Component [-]
Toluene_in 25 1 0 1.00E-12 toluene
Heating_medium 151 5 1 1 water/steam
Vapor_out 0 0 0 0 toluene_vap
Liquid_out 0 0 0 0 toluene_liq

Vent 0 0 0 0 toluene_phase
Heating_out 0 0 0 0 water/steam
Charge 25 1 0 1 toluene
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To simulate the maximum heating case, the heating medium stream must be adapted
to fit the heat load. This can be done with the unit operation “heat exchanger” in
combination with the unit operation “controller”. This way, the heating medium stream
can be adapted to fit the heat load.

9.2.18 Heat exchanger and controller to adapt heat load

Figure 133 shows the heat exchanger and controller setup

©

12
@ Heat_exchanger out| e
11 13
Heat_exchanger in Controller_out

Figure 133: Heat exchanger & controller for heat load adaption - maximum heating case

Figure 134 shows the adapted heating medium stream to supply 31 kW heat load. This
stream is copied and used as the heating medium inlet stream into the dynamic vessel.

Edit Streams *

| ey e | &

Stream No. ]

Stream Name Heating_medium|
151.837
Pres bar 5

Vapor Fraction 1
Enthalpy kl/sec -193.1914

Temp C

Total flow 0.01462632
Total flow unit kg/sec
Comp unit Mole %

Toluene 0

Water 100

Figure 134: Inlet stream specification (dynamic method) - maximum heating case
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Also, the dynamic vessel input information must be adapted for the “flash with UA &

utility” case.

=¥ - Dynamic Vessel -

Gereral ‘ Outlet Flow

‘Yeszel Geometiy

" Vertical Vessel

" Harizontal Yessel Ll peciRolslee]

01 m
0.43 m

Diamneter
Cylinder height

i

Head tppe:

ermal Mode

2 Flagh with LA & utility w

u 1000
5500

Area

Relief Device

Calculated Results
D: 1

Initial conditions

Initial Charge O ption:

1 Specify composzition & liquid level ~
Initial liquid lewvel 1 034 m
Initial liquid level 2 m
Initial tility outlet T C

Optional | nput

(I

[ Include liquid static head in output stre.ams

Inlet nozzle position from top

™ Three phase flash [vapor liquid liquid)
[v Include compression / expansion effect

[+ Recorderon

Help

Cancel ‘ aK ‘

Figure 135: Dynamic vessel general menu (vessel geometry, thermal mode & charge option) - maximum heating

case

The vent area must also be adapted for the maximum heating case. The vent area
calculated in the steady state maximum heating case simulation must be entered.

=¥ Dynamic Vessel -

*

General | Outlet Flaw |

DIERS relief device specifications

Mozzle area 2 D465 i
Yessel model Churn-turbulent w
Device type Relief valve w

co 15

Dizcharge coeff 0.7

Above ground m
Pressure data

Set pressure 1.8 bar
Back pressure 1.013 bar
Max pressure bar

Stream 1D:

Relief Device ‘ Calculated Results |

o 1

Yent flow model | HEM [homogeneous equilibrium)

1 API-520/521 ~

[~ Ignore top head area in expozed area calculations

Fire: model

F factar

For vapor refief only:

N —

For liquid relief anly:

Kp
[

K

£

Help

Cancel ‘ (] 8

Figure 136: Dynamic vessel general menu (relief device & fire model) - maximum heating case

The simulation can now be run by clicking on the OK button.
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9.2.19 Vessel pressure, level and total mass rate— maximum heating case

uuuuu

T ]

Figure 138: Total mass rate through relief valve - maximum heating case (dynamic method)
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