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Chapter Two 

PIPING AND INTRUMENT DIAGRAM 

2-1 Piping and Instrument Diagram (PID) 

The P and I diagram shows the arrangement of the process equipment, piping, 

pumps, instruments, valves, and other fittings. It should include: 

1- Prepared by chemical engineer with the aid of mechanical and control 

Engineers. 

2-  All process equipment, identified by an equipment number. The equipment 

should be drawn roughly in proportion and the location of nozzles shown. 

3- All pipes, identified by a line number. The pipe size and material of 

construction should be shown. The material may be included as part of the 

line identification number. 

4- All valves, control and block valves, with an identification number. The type 

and size should be shown.  

5- Ancillary fittings that are part of the piping system, such as inline sight-

glasses, strainers, and steam traps, with an identification number. 

6- Pumps, identified by a suitable code number. 

7- All control loops and instruments, with an identification number. 

 

2.2 Basic Symbols 

The symbols of control valves and instruments will be  illustrated: 

 

2.2.1 Control Valves  

There are different types of valves: 

2.2.2 Failure Mode 

The direction of the arrow shows the position of the valve on failure of the 

power supply. 

 

 

 



Equipment Design - 4th year                            Chapter Two               Assist. Prof. Ihsan Habib Dakhil                      

 أأحسان حبيب داخل الأس تاذ المساعد:                                                    الرابعه          المرحلة  تصميم معدات /جامعة المثنى/ كلية الهندسة / 
14 

2.2.3 General Instrument and Controller Symbols 

Locally mounted means that the controller and display are located out on the 

plant near to the sensing instrument location. Main panel means that they are 

located on a panel in the control room. Except on small plants, most controllers 

would be mounted in the control room. 

 

 

 

 

 

2.2.4 Other Common Symbols 

 

 

 

 

 

 

  

2.3 Type of Instrument 

This is indicated on the circle representing the instrument-controller by a 

letter code as table below: 
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The first letter indicates the property measured; for example, F = flow. 

Subsequent letters indicate the function; for example,  

                                             I = indicating 

RC = recorder controller 

 

 

 

 

A typical control loop 

 

2.4 Valve Selection 

The valves used for a chemical process plant can be divided into two broad 

classes, depending on their primary function: 

1. Shut-off valves (block valves or isolation valves), whose purpose is to close off 

the flow. 

2. Control valves, both manual and automatic, used to regulate flow. 

 

The main types of valves used are: 

     1-Gate valve               2- Plug valve            3- Ball valve            4- Globe valve      

     5- Diaphragm valve            6- Butterfly valve          7- Non-return valve 
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(a) Gate valve (slide valve). (b) Plug valve. (c) Ball valve. (d) Globe valve.  

(e) Diaphragm valve. 

 

 

 

 

 

(f ) Butterfly valve.   (g) Non-return valve, check valve. 

Characteristics of selected Valves: 

(1)  Gate valve: primarily designed to serve as isolation valves. These valves 

generally are fully open or fully closed. 

(2) Globe valve: It used to regulate the flow of liquids and vapors. These valves 

install at By-pass to regulate the flow rate when the (electrical or air) signal  

was cut-off on the control valve. Also, it install on steam lines for steam 

turbine. 



Equipment Design - 4th year                            Chapter Two               Assist. Prof. Ihsan Habib Dakhil                      

 أأحسان حبيب داخل الأس تاذ المساعد:                                                    الرابعه          المرحلة  تصميم معدات /جامعة المثنى/ كلية الهندسة / 
17 

(3) Ball valve: It used for more accurate flow of liquids and gases. Also, it is 

fast open or close by moving arm. 

(4)  Butterfly valve: It used to control and regulate or throttle the flow. It 

required only a quarter-turn from closed to fully-open position. Butterfly valves 

are often used for the control of gas and vapor flows. 

(5)  Non-return valves: It used to prevent backflow of fluid in a process line. 

The valve is kept open by forward flow of fluid and quickly closed by reverse 

flow.  

The careful selection and design of control valves is important; good flow 

control must be achieved, while keeping the pressure drop as low as possible. The 

valve must also be sized to avoid the flashing of hot liquids and the supercritical 

flow of gases and vapors. 

Control valves have basically four interactive components : (1) valve body, 

(2) actuating device (usually a spring diaphragm type), (3) valve positioner (an 

instrument that converts an electric control signal into air signal to control the 

position of the valve)m and (4) an airset to supply air pressure to the positioner. 
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2.5 Mechanical Design of Piping Systems 

2.5.1. Wall thickness, pipe schedule: 

The pipe wall thickness is selected to resist the internal pressure, with an 

allowance for corrosion. Processes pipes can normally be considered as thin 

cylinders; only high pressure pipes, such as high-pressure steam lines, are likely to 

be classified as thick cylinders and must be given special consideration, the 

following formula used for calculate pipe thickness: 

 

             …(2.1) 

 

 

where   P = internal pressure, bar.  

            d = pipe O.D, mm. 

             σd  = design stress at working temperature, N/mm. 

 

Pipes are often specified by a schedule number which is defined by:  

 

…(2.2) 

 

where     Ps = safe working pressure, lb/in
2
 (or N /mm

2
). 

               σs  = safe working stress, lb/in
2
 (or N /mm

2
).  

Schedule 40 pipe is commonly used for general purposes. 

 

 

Example 2.1 

Estimate the safe working pressure for a 4 in. (100 mm) dia., schedule 40 

pipe, carbon steel, butt welded, working temperature 100
 o

C. The safe working 

stress for butt welded steel pipe up to 120
 o
C is 6000 Ib/in

2
 (41.4 N/mm

2
). 

 

Solution: 
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2.6 Economic Pipe Diameter 

The capital cost of a pipe run increases with diameter, whereas the pumping 

costs decrease with increasing diameter. The most economic pipe diameter will be 

the one which gives the lowest annual operating cost. The following equations for 

the optimum diameter, for turbulent flow:  

Carbon steel pipe: 

 

     … (2.3) 

 

Stainless steel pipe: 

 

     … (2.4) 

where     d = pipe inside diameter, mm. 

              G = mass flow rate, kg/s. 

              ρ = liquid density, kg/m
3
. 

Equations (2.3) and (2.4) can be used to make an approximate estimate of the 

economic pipe diameter for normal pipe runs for turbulent flow 

 

Example 2.2 

Estimate the optimum pipe diameter for a water flow rate of 10 kg/s, at 20 
o
C. 

Carbon steel pipe will be used. Density of water 1000 kg/m. 

Solution: 
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Example 2.3 

Estimate the optimum pipe diameter for a flow of  gaseous HCl of 7000 kg/h a t 5 

bar, 15
o
C, stainless steel pipe. Molar volume 22.4 m

3
/kmol, at 1 bar and 0

o
C. 

Solution: 

 

 

 

 

 

 

 

 

 

2.7 Flanged Joints 

Flanged joints are used for connecting pipes and instruments to vessels, for 

manhole covers, and for removable vessel heads when ease of access is required. 

Flanges may also be used on the vessel body, when it is necessary to divide the 

vessel into sections for transport or maintenance. Flanged joints are also used to 

connect pipes to other equipment, such as pumps and valves. Flanges range in size 

from a few millimeters diameter for small pipes, to several meters diameter for 

those used as body or head flanges on vessels.  
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3.8 Plant Layout 
plant layout a method of organizing the elements of a production process, 

in which similar processes and functions are grouped together. The basic 

objective of layout design is to facilitate a smooth flow of work, material, and 

information through the system. Plant Layout is the physical arrangement of 

equipment and facilities within a plant to improve productivity, safety and 

quality of products. 

 

3.9 Plant Location and Site Selection 

The location of the plant can have a crucial effect on the profitability of a 

project and the scope for future expansion. Many factors must be considered 

when selecting a suitable site. The principal factors to consider are 

1. Location, with respect to the marketing area; 

2. Raw material supply; 

3. Transport facilities; 

4. Availability of labor; 

5. Availability of utilities: water, fuel, power; 

6.Environmental impact, including effluent disposal; 

7. Local community considerations; 

8. Availability of suitable land 

9. Climate; 

10. Political and strategic considerations 

  

3.9.1 Marketing Area 

For materials that are produced in bulk quantities, such as cement, mineral 

acids, and fertilizers, where the cost of the product per metric ton is relatively 

low and the cost of transport is a significant fraction of the sales price, the plant 

should be located close to the primary market. This consideration is much less 

important for low-volume production and high-priced products, such as 

pharmaceuticals. 

 

3.9.2 Raw Materials 

The availability and price of suitable raw materials will often determine 

the site location. Plants that produce bulk chemicals are best located close to the 

source of the major raw material, as long as the costs of shipping product are not 

greater than the cost of shipping feed. For example, at the time of writing much 

of the new ethylene capacity that is being added worldwide is being built in the 

Middle East, close to supplies of cheap ethane from natural gas. Oil refineries, 
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on the other hand, tend to be located close to major population centers, as an oil 

refinery produces many grades of fuel, which are expensive to ship separately. 

 

3.9.3 Transport 

The transport of materials and products to and from the plant can be an 

overriding consideration in site selection. If practicable, a site should be selected 

that is close to at least two major forms of transport: road, rail, waterway (canal 

or river), or a sea port. Road transport is increasingly used and is suitable for 

local distribution from a central warehouse. Rail transport is usually cheaper for 

the long-distance transport of bulk chemicals. Air transport is convenient and 

efficient for the movement of personnel and essential equipment and supplies. 

 

3.9.4 Availability of Labor  

Labor will be needed for construction of the plant and its operation. 

Skilled construction workers are usually brought in from outside the site area, 

but there should be an adequate pool of unskilled labor available locally, and 

labor suitable for training to operate the plant. Skilled craft workers such as 

electricians, welders, and pipe fitters will be needed for plant maintenance.  

 

3.9.5 Utilities (Services) 

The word utilities is used for the ancillary services needed in the 

operation of any production process. These services are normally supplied from 

a central site facility and include 

1. Electricity; 

2. Steam; 

3. Cooling water; 

4. Water for general use; 

5. Demineralized water; 

6. Compressed air; 

7. Inert-gas supplies; 

8. Refrigeration; 

9. Effluent disposal facilities. 

3.9.6 Environmental Impact and Effluent Disposal 

All industrial processes produce waste products, and full consideration 

must be given to the difficulties and cost of their disposal. The disposal of toxic 

and harmful effluents will be covered by local regulations, and the appropriate 

authorities must be consulted during the initial site survey to determine the 



Equipment Design - 4th year                      Chapter Three             Assist. Prof. Ihsan Habib Dakhil     

 49 الأس تاذ المساعد : أأحسان حبيب داخل                                                      المرحلة الرابعه تصميم معدات /جامعة المثنى/ كلية الهندسة / 

standards that must be met. An environmental impact assessment should be 

made for each new project or major modification or addition to an existing 

process. 

 

3.9.7 Local Community Considerations 

The proposed plant must fit in with and be acceptable to the local 

community. Full consideration must be given to the safe location of the plant so 

that it does not impose a significant additional risk to the local population. Plants 

should generally be sited so as not to be upwind of residential areas under the 

prevailing wind. Some communities welcome new plant construction as a source 

of new jobs and economic prosperity. More affluent communities generally do 

less to encourage the building of new manufacturing plants and in some cases 

may actively discourage chemical plant construction. 

 

3.9.8 Land (Site Considerations) 

Sufficient suitable land must be available for the proposed plant and for 

future expansion. The land should ideally be flat, well drained, and have suitable 

load-bearing characteristics. A full site evaluation should be made to determine 

the need for piling or other special foundations.  

 

3.9.9 Climate 

Adverse climatic conditions at a site will increase costs. Abnormally low 

temperatures require the provision of additional insulation and special heating 

for equipment and pipe runs. Stronger structures are needed at locations subject 

to high winds or earthquakes. Political and Strategic Considerations Capital 

grants, tax concessions, and other inducements are often given by governments 

to direct new investment to preferred locations, such as areas of high 

unemployment. The availability of such grants can be the overriding 

consideration in site selection. 

 

3.10 Design of Plant Layout 

The economic construction and efficient operation of a process unit will 

depend on how well the plant and equipment specified on the process flow-sheet 

is laid out. Figs. (3.8) and (3.9) show the flow-sheet and typical plant layout of 

crude oil refinery. 
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Figure (3.8) Flow-sheet of Crude Oil Refinery. 

 

 

Figure (3.9) Typical plant layout of crude oil refinery. 
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The main storage areas should be placed between the loading and 

unloading facilities and the process units they serve as shown in Fig. (3.10) and 

Fig. (3.11).  

Figure (3.10) Typical site plant. 

Figure (3.11) Typical site plant 
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Fig. (3.12) shows typical plant site for general plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.12) Typical plant site. 
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