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Flowsheeting chemical process

MANUAL FLOW-SHEET CALCULATIONS This section is a general discussion of the techniques used to prepare flowchart from manual calculations. The currents and compositions are calculated on the basis of material balances; combined with the design equations resulting from the limitations of the process and design of equipment. There will be two
types of design restrictions: external restrictions: not directly under the designer's control, and which normally cannot be relaxed. Examples of these types of restrictions include: (i) Product Specifications, possibly determined by customer requirements. (ii) important safety considerations, such as flammability limits. (iii) Effluent specifications adopted by public
authorities. Internal limitations: determined by the nature of the process and the functions of the equipment. These include: (i) The process stoichiometry, reactor conversions and yields. (ii) Chemical balances. (iii) Physical balances involved in liquid-liquid and gas/vapour-liquid separations. (iv) Azeotropes and other fixed compositions. (v) Restrictions on the
balance between energy and balance. Where the energy and the material balance interact, as for example in flash distillation. (vi) General restrictions on the design of the equipment. The flow-sheet is usually drawn up at an early stage of the development of the project. A preliminary flow-sheet will help clarify the designer's concept of the process; and serve
as the basis for discussions with other members of the design team. The extent to which the power sheet can be prepared before the detailed design of the equipment is worked on depends on the complexity of the process and the information available. If the design is largely a duplication of an existing process, but possibly for another capacity, the
performance of the equipment will be known and the flow flows and compositions can be easily calculated. For new processes and for major changes to existing processes it will only be possible to calculate part of the flows independently of the equipment design considerations; other currents and compositions will depend on the design and performance of
the equipment. In order to draw up the flow sheet, the designer must use his judgment to decide which flows can be calculated directly; which depend only weakly on the design of the equipment; and which are determined by the design of the equipment. By weakly dependent means those flows connected to equipment whose performance can be assumed,
or approached, without introducing significant errors into the flow-sheet. The detailed design of these items can be performed later, to improve the performance that is then provided by the power sheet Adjust. These will be items that the designer says do not introduce a serious cost penalty if they are not designed for their optimal performance. For example,
in a phase separator, such as a decanter, as balance between the phases it is assumed the exhaust flow compositions can often be calculated directly, independently of the separator design. The The would be designed later, in order to give sufficient residence time for the currents to approximate the equilibrium condition assumed in the calculation of the
flow sheet. Strong interaction will take place when the currents and compositions are mainly determined by the design and performance of the equipment. For example, the optimal conversion into a reactor system with recycling of the unexecuted reagents is determined by the performance of the separation phase and the balance of reactor material cannot
be created without taking into account the design of the separation equipment. In order to determine the flow flows and compositions, it would be necessary to set up a mathematical model of the reactor separator system, including costing. To process the manual calculations that result from complex processes, with strong interactions between the material
balance calculations and the design of the equipment, and where physical recycling flows are present, it will be necessary to divide the process into manageable subsystems. By judgment, the designer can isolate these systems with strong interactions, or recycle and calculate flows sequentially, from subsystem to subsystem, creating approaches where and
when needed. Each subsystem may be considered separately if necessary and the calculations shall be repeatedly revised until a satisfactory flow sheet for the entire process has been obtained. If you're trying to model a complex process without subdivision and approach, it's about too many variables and design equations that need to be processed
manually. Computer flow-sheeting programs should be used when available. When the process is subdivided and the performance of the equipment is adjusted to produce a flow sheet, the designer must understand that the resulting design for the entire process, as defined by the flow blade, is an approximation of the optimal design. He should be constantly
aware of and check his approaches to the performance of the entire process. Scale factor It is usually easiest to do the order of the flow sheet calculations in the same order as the process steps; start with the raw material feed and, where possible, in phase by step, through the process to the final product stream. The required production speed will usually be
specified in terms of the product, not the raw material feeders, so it will be necessary to select any basis for calculations, say 100 kmol/h of the main raw material. The actual flows required can then be calculated by multiplying each flow by a scale factor determined based on the actual production percentage required. Scale factor = mols product per specified
hour/ mols product produced per 100 kmol of the main raw material The order of the main equipment symbolically displayed on the flow sheet follows that of the proposed installation layout. Some permits must be exercised when placing additional items, such as heat exchangers and pumps, or the layout will be too overloaded. But the goal should be to
material from phase to phase as it will happen, and to give a general impression of the layout of the actual process installation. The equipment should be drawn approximately at scale. Again, a permit is allowed for the sake of clarity, but the main equipment items must be roughly pulled in the correct proportion. Additional objects may be pulled out of
proportion. A complex process, with many process units, may require multiple sheets and the continuation of process flows from one sheet to another should be clearly displayed. One method for indicating a line continuation is those lines that are continued over to another to be indicated by a double concentric circle around the line number and the
continuation sheet number written below. The table of currents and other data can be placed above or below the layout of the equipment. Normal practice is to post it below. The parts must be shown on the left side of the table. For a long table, it is a good practice to repeat the list on the right so that the components can be traced from both sides. The
streamline numbers must follow successively from left to right of the layout, as far as possible; so that when reading the flow sheet, it is easy to find a particular line and its column of data. All process flow lines displayed on the flow sheet must be numbered and the data for the flow must be specified. There is always a temptation to om notion the data on a
process flow if it is clearly formed only by the addition of two other flows, such as at a crossroads, or if the composition is unchanged when it flows through a process unit, such as a heat exchanger; this should be avoided. What can be clear to the process designer is not necessarily clear to the others who will use the flow-sheet. Full, unambiguous
information about all flows should be given, even if this is accompanied by some repetition. The purpose of the flow-sheet is to display the function of each process unit; even to show when it has no function. Accuracy of data The total flow and individual component flows do not normally need to be displayed on the process flow sheet with high precision; at
most one decimal place is all that are usually justified by the accuracy of the flow-sheet calculations, and is sufficient. However, the currents must be balanced with the precision shown. If a current or component flow is so small that it is less than the precision used for the larger flows, it can appear in a larger number of places, if accuracy warrants this and the
information is required. Inaccurate flows are best displayed as TRACE. If the composition of a tracking component is specified as a process restriction, such as for an effluent flow or product quality specification, it may appear in parts per million ppm. A track quantity should not be shown as zero or the space in the table left empty, unless the process
designer is certain that it has no meaning. Trace amounts can be Important. Only a trace of an impurity is needed to poison a catalyst, and trace quantities can determine the selection of the materials of the building. If the space in the data table is left empty in front of a particular component, the quantity can be assumed to be zero by the specialized design
groups that extract their information from the flow sheet. Based on the calculation It is a good practice to show on the flow list the basis used for the flow-sheet calculations. This would include: opening hours per year; the reaction and physical returns; and the date temperature used for energy balances. It is also useful to include a list of the main assumptions
used in the calculations. This alerts the user to any restrictions that need to be placed on the power sheet. Batch processes Flow sheets drawn up for batch processes typically show the quantities needed to produce one batch. If a batch process is part of an otherwise continuous process, it can appear on the same flow sheet, provided that a clear interruption
is made when tabulating the data between the continuous and batch sections; transition from kg/h to kg/lot. A continuous process can include batch makeup of small reagents, such as the catalyst for a polymerization process. Services (tools) To prevent cluttering of the flow sheet, it is not common to display the service headings and lines on the process flow
sheet. The service connections required on each device must be displayed and labeled. The service requirements for each device can be tabulated on the power sheet. Identification of the equipment Each device on the power sheet must be identified by a code number and name. The identification number (usually a letter and some numbers) will normally
be assigned to a particular piece of equipment as part of the general project control procedures, and will be used to identify it in all project documents If the flow-sheet is not part of the documentation for a project, then a simple, but consistent, identification code should be devised. The simplest code is to use a first letter to identify the type of equipment,
followed by numbers to identify the specific piece. For example, H heat exchangers, C columns, R reactors. The key to the code should appear on the power sheet. . Since the process flow sheet is the final document over the process, the presentation must be clear, complete, accurate and complete. The different types of flow-sheet are discussed below.
Block charts A block chart is the simplest form of presentation. Each block can be a single device or a full stage in the process In complex processes, their use is limited to showing the overall process. Block charts are useful for displaying a process in a simplified form in reports and textbooks, but have limited use as technical documents. The flow speeds
and compositions can be displayed on the diagram stream lines, when only a small amount of information needs to be displayed or tabulated separately. The blocks can be of any shape, but it is usually useful to use a mixture of squares and circles, drawn with a template. Pictorial representation On the detailed power sheets used for design and operation,
the equipment is normally drawn in stylized pictorial form. For tender documents or company brochures, actual scale drawings of the equipment are sometimes used, but it is more common to use a simplified representation. The symbols in British Standard, BS 1553 (1977) Graphical for Symbols General Engineering Part 1, Piping Systems and Plant are
recommended; although most design agencies use their own standard symbols. The American National Standards Institute (ANSI) has also published a series of symbols for use on flow sheets. Austin (1979) compared the British Standard, ANSI and some of its own flow-sheet symbols. In Europe, the German standardisation organisation has published a set
of guide rules and symbols for the presentation of the stream leaves, DIN 28004 (1988). This is available in an English translation from the British Standards Institution. Presentation of flow rates The data on the flow rate of each individual component, on the total flow rate and the percentage composition, can be displayed on the flow sheet in different ways.
The simplest method, suitable for simple processes with few equipment pieces, is to tabulate the data into blocks next to the process stream lines. Only a limited amount of information can be displayed in this way, and it is difficult to make neat changes or add additional data. In another method, each stream line is numbered and the data is tabulped at the
bottom of the sheet. Changes and additions are easy to make. This is the method generally used by professional design agencies. Information to be included The amount of information displayed on a power sheet depends on the custom and practice of the specific design agency. The list below is therefore divided into essential items and optional items. The
essential items should always be displayed, adding the optional items to the utility of the flow-sheet, but are not always included. 1. Flow composition: (i) the flow rate of each individual component, kg/h, which is preferred, or (ii) the flow composition as a weight fraction. 2. Total flow rate, kg/h. 3. Flow temperature, degrees Celsius preferred. 4. Nominal
operating pressure (the required operating pressure). Optional information 1. Molar percentages composition. 2. Physical property data, average values for the such as: (i) density, kg/m3, (ii) viscosity, mN s/m2. 3. Stream name, a short, one or two-word, description of the nature of the flow, for example ACETONE COLUMN BOTTOMS. 4. Stream enthalpy,
kJ/h. The physical properties of the current are best estimated by the process technician responsible for the power sheet. If they are then displayed on the power sheet, they are for use by the specialised design groups responsible for the subsequent detailed design. It is best that each group uses the same estimates, rather than each to determine its own
values. The flow sheet is the most important document in process design. It shows the arrangement of the equipment selected to perform the process; the power connections; flow rates and compositions; and operating conditions. It's a diagrammatic model of the process. The flow-sheet will be used by the specialized design groups as the basis for their
designs. This includes piping, instrumentation, equipment design and installation layout. It will also be used by the waiting staff for the preparation of the manuals and the training of the operator. During the start-up of the installation and subsequent operation, the flow-sheet forms a basis for comparing the company's performance with the design. The flow list
is drawn up from material balances created during the entire process and each individual unit. Energy balances are also created to determine energy flows and service requirements. Manual flow-sheeting calculations can be tedious and time-consuming when the process is large or complex, and computer-aided flow-sheeting programs are increasingly being
used to facilitate this phase of process design. Its use allows the designer to consider different processes and more alterative processing schedules in his search for the best process and optimal process conditions. Some of the proprietary flow-sheeting programs available have been discussed in this chapter. A simple linear flow-leafing program is presented
in detail and listed in the annexes. In this category, the calculation procedures used in the power cladding are divided into manual calculation procedures and computer-controlled procedures for convenience. The next step in process design after the flow-sheet is the preparation of Piping and Instrumentation diagrams (abbreviated to P&amp;I diagrams)
often called the Engineering Flow-sheet or Mechanical Flow-sheet. The P&amp;I diagrams, as the name implies, show the technical details of the process and are based on the process flow sheet. The abbreviation PFD (for Process Flow Diagram) is often used for process flow sheets and PID for piping and instrumentation charts. Diagrams.
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