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THE NATURAL GAS DELIVERY NETWORK 
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TYPES OF STATIONS: 
 C.G.S. (City Gate Station)

Capacity Range: Up to 1000,000 SCMH 
    Pin = 400~1400 Psig 
    Pout= 250 Psig 

 T.B.S. (Town Border Station) 
    Capacity Range: Up to 20,000 SCMH 
    Pin = 150~250 Psig 
    Pout= 60 Psig 

 C.G.S.-T.B.S.
    Capacity Range: Up to 300,000 SCMH 
    Pin = 400~1000 Psig 
    Pout= 60 Psig 

 PCS 
Capacity Range: Above 300,000 SCMH 

    Pin = 1400 Psig 
    Pout=1050 Psig 

Cabinet Type 

Skid-Mounted Flat Type 
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CODES AND STANDARDS: 
 ANSI B31.8 (Gas Transmission and Distribution Piping Systems)  
 ASME Sec VIII Div.1 (Boiler and Pressure Vessels Code) 
 BS EN 14382 (Safety devices for Gas Pressure Regulating Stations and Installations 
 IGEM/TD/13 (Pressure Regulating Installations for Network Pipeline Systems, Pipelines and Pipes) 
 ASME B 16.5 ( Pipe Flanges and Flanged Fittings) 
 ASME B 16.9  (Factory-Made Wrought Steel Butt Welding Fittings) 
 ASME B 36.10 (Welded and Seamless Wrought Steel Pipe) 
 API 5L  (Specification for Line Pipe) 
 API 6D (Specification for Pipeline Valves (Gate,Plug,Ball and Check Valves) 
 API 526 (Flanged Steel Pressure Relief Valves) 
 BS EN 334 (Gas Pressure Regulators for Inlet Pressure Up to 100 Bar) 
 ASME B31.3 (Process Piping) 
 ASTM A53 (Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless) 
 ASTM A105 (Forging, Carbon Steel for Piping Components) 

 ASTM A106 (Seamless Carbon Steel Pipe for High Temperature Services) 

 ASTM A193(Alloy-Steel and Stainless Steel Bolting Material for High Temperature Service) 

 ASTM A194(Carbon and Alloy Steel Nuts for Bolts for High Pressure and High Temperature Service) 

 ASTM A216(Carbon Steel Casting Suitable for Fusion Welding for High Temperature Service) 

 ASTM A516 (Pressure Vessel Plates, Carbon Steel, for Moderate and lower Temperature Service.) Gasplus.ir



SPECIFICATIONS: 

 IGS-M-RS-401 Specification for Measuring/ Reducing and Measuring 
Cabinet Type Stations with Max. Capacity up to 10,000 SCM/H 

 IGS-PM-104    Natural Draft Indirect Water Bath Heater 
 IGS-PM-106    Forced Draft Indirect Water Bath Heater 
 IGS-PM-105    Dry Gas Filter 
 IGS-PM-103    Filter Separator 
 IGS-M-PL-002-3    Ball valve 
 IGS-M-PL-002    Plug Valve 
 IGS-IN-301     Safety Shut off Valve 
 IGS-IN-302     Safety Relief Valve 
 IGS-IN-202     Gas Pressure Regulator 
 IGS-PM-101    Injection Type Odorizer 
 IGS-PM-100    By-Pass Type Odorizer 
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 Piping Components 
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PIPE AND TUBE MANUFACTURING 

Gasplus.ir

VIDEOES/Seamless Pipe Manufacturing.mp4
VIDEOES/Hot Extrusion -- Production Process for hot finished Tubes, Pipes and hollow bars.mp4
VIDEOES/Electric Resistance Welding Manufacturing Process.mp4


PIPE CLASSIFICATION 
 NPS (Nominal Pipe Size) 

 Schedule Number: NPS+ 

5,5S,10,10S,20,20S,40,40S,60,80,80S,120,140,160 
 NPS 12, OD>NPS
 NPS  14, OD = NPS
 NPS  10, SCH 40 = STD
 NPS  8, SCH 80 = XS
 Light wall = light gage = 5, 5s, 10, 10s
 API Designation:

 A25, A, B, X42, X46, X52, X60, X65, X70
 Pressure-Temparature Rating:

 150, 300, 400, 600, 900, 1500, 2500
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PIPE CLASSIFICATION 
 NPS: 

1/8”, ¼”, 3/8”, ½”, ¾”, 1”, 1 ½”, 2”, 3”, 4”, 6”, 8”, 10”, 
12”, 14”, 16”, 18”, 20”, 24”, 28”, 30”, 32”, 36”, 40”, 
44”, 48” 52”, 56”, 60” 
  NPS 1 ¼”, 2 ½”, 3 ½”, 5” not used 

  Pipe is supplied in 

 Random length (17 to 25 ft)
 Double random length (38 to 48 ft)
 Pipe end:

 BE (bevel end)
 PE (plain end)
 SE (Stub end)
 T& C (threaded and coupled, rating of coupling shall be

specified) Gasplus.ir



  

 Detailed Engineering: Wall Thickness Calculation  
 

 

 

 

 

 

 

    (Pipe Line Selection) 
 

 

 

 

 

 

 

Seamless (up to and including 8”) 

Electric Welded  (HFW) (4”-20”) 

Longitudinal Seam Submerged – Arc Welded (LSAW) (≥16”) 

Helical Seam Submerged  Arc Welded (HSAW) (>20”) 

Furnace Butt Welded , continues weld 

•Only PSL2 are acceptable 
•Pipe's grades are limited from B(L245) up to X80(L555) 
•Only thermomechanical rolled or hot rolled starting material is 
accepted 
•EW pipe produced with a welding current frequency equal to or 
greater than 100 kHZ. 
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PIPE STANDARDS 

  ASTM A53 – Steel Pipe 
  ASTM A312 – Stainless Steel Pipe 
  API 5L – Line pipes 
  ISO 11960, API 5CT – tubing 
  ASTM A 53/A 53 Electric-welded and 

seamless 
  ASTM A 106 Seamless carbon steel pipes 

for high temperature performance 
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FITTING (BUTT WELDED) 

 ANSI B16.9 : NPS ½’’ to 48’’ 
 MSS SP-75 : NPS 16’’ to 48’’ 
 Fittings are manufactured from Seamless Pipe and from Welded Pipe with filler 

material (ERW pipes cannot be used to manufactured fittings). large diameter 
fittings are manufactured from Plate. 

 To manufactured wrought fitting various methods are used, these are the different 
type of Hot and cold forming process. 

 These methods are: 
 Hot forming or Extrusion Method
 Hydraulic Bulge method – Cold forming
 UO or Single weld seam Method
 Monaka or Double weld seam Method
 Deep Drawing Method for caps
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FITTING (BUTT WELDED) 
 Mandrel method (Hot Forming) is pushed over

a die called "mandrel" which allows the pipe to expand 

and bend simultaneously. 

 Extrusion Method  a pipe with the same diameter

as finished product is pushed through a die and formed 

into its desired shape.  

 UO Method is used to manufacture

medium size of the elbow, tee, and reducers 

 Hydraulic Bulge Method Pipe is

placed in hydraulic die and liquid is fill inside 

the pipe, Hydraulic pressure pushes out the 

branch, in the fixed opening in the die.  

Gasplus.ir



FITTING (BUTT WELDED) 

 Deep Drawing Method 

CAPS are manufactured by Deep Drawing method. In this 

method, Plate is cut out in a circle and formed by deep 

drawing die. 

 Outer Die Method 

Most common method for manufacturing 

Reducers is Outer Die method. The pipe is cut 

and pressed in the outer die; compressing the one 

end of the pipe into a smaller size. This method is 

useful for manufacturing of small to medium size 

of reducers. 
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FITTING (BUTT WELDED) 

 Return: 
 ANSI B16.28 
Uses in: 
• Water Bath Heater Coils

 Reducer
 ANSI B16.9 : NPS ½’’ to 48’’ 
 MSS SP-75 : NPS 16’’ to 48’’ 

 Eccentric:
• Pig Launcher

 Concentric:
• Gas station Piping
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FITTING (BUTT WELDED) 

 Tee 
 ANSI B16.9 : NPS ½’’ to 48’’ 
 MSS SP-75 : NPS 16’’ to 48’’ 

 Straight (branch to the same size as the run)
 Reducing(Branch smaller than the run)
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FITTING (BUTT WELDED) 

 Weldolet (MSS SP-97) 
STD 
EXTRA  STRONG (XS)/SCH 80 
SCH 160 

 Threadolet (MSS SP-97) 
NPS 1/8’’ TO 4’’ FOR 3000#(XS) 
NPS 1/2” TO 4’’ FOR 6000#(SCH160) 

 Sweepolet 
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FITTING (BUTT WELDED) 

 Cap
 ANSI B16.9 : NPS ½’’ to 48’’

 MSS SP-75 : NPS 16’’ to 48’’
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FITTING (BUTT WELDED) 

 Elbow (90° - 45°) 
 Long Radius
 ANSI B16.9 : NPS ½’’ to 48’’

 MSS SP-75 : NPS 16’’ to 48’’

 Short Radius
 ANSI B16.28

 Reducing Elbow 
 Long Radius
 Short Radius
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FITTING (SOCKET) 

 Size frequently limited to NPS 1 ½” (ASME B16.11) 
  Not used in “severe cyclic conditions” and in  

services where corrosion is accelerated in Services 
  No weld metal can enter bore, easier alignment on 

 small line than butt-weld 
  Tack is unnecessary 
  Have not any leakage 
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FITTING (SOCKET) 

 Sockolet 
 

 
 Socket Welded Latrolet 

 
 

 Socket Welded Elbolet 
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FITTING (THREADED=SCREWED) 

 Elbow (90, 45) 
 ANSI B16.11: NPS 1/8’’ TO 4’’ 

2000# : SCH 80 
3000# : SCH 160 
6000# : XXS 

  Reducing elbow 

 Street Elbow 
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FITTING (THREADED=SCREWED) 

 Tee 
ANSI B16.11: NPS 1/8’’ TO 4’’ 
2000# : SCH 80 
3000# : SCH 160 
6000# : XXS 

 Square Head Plug
 Hex Head Plug

ANSI B16.11: NPS 1/8’’ TO 4’’

2000# : SCH 80 
3000# : SCH 160 
6000# : XXS 

Gasplus.ir



FITTING (THREADED=SCREWED) 

 Coupling
ANSI B16.11: NPS 1/8’’ TO 4’’

2000# : SCH 80 
3000# : SCH 160 
6000# : XXS 

 Stud Coupling
ISO 8434

 Male
 Female
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FITTING (THREADED=SCREWED) 

 Union
MSS SP-83:NPS 1/8’’ TO 3’’

 Hex. Nipple 
  ANSI B16.11: NPS 1/8’’ TO 3’’ 
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FITTING (FLANGE) 

 Welding neck flange
 Regular
 Long (used for vessel & equipment nozzle, rarely for Pipe)

 Suitable where
 Extreme temperature
 Shear
 Impact and vibration
 Stress apply

•ANSI B16.5   (For ½” Through 24”)

•ANSI B16.47 (For Large Diameter above 26”)
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FITTING (FLANGE) 

 Threaded flange
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FITTING (FLANGE) 

 Reducing flange 
 Specify by size of smaller pipe and outside diameter 
of flange to be mate 
• Ex/RED FLG 4” × 11” 
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FITTING (FLANGE) 

 Expander flange
 Reducer + welding neck flange
 Increase pipe size to first or second large size
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FITTING (FLANGE) 

 Lap joint (van stone) flange
 If stub and flange are of the same material they will
be more expensive than a welding neck flange 
 Economical for different material of stub and flange
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FITTING (FLANGE) 

 Flangeolet

 Slip on

 Blind
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FITTING (FLANGE) 

 Flange Facing Types
 Flat Faced
 Raised Face
 Ring Joint
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FITTING (FLANGE) 

 Flange Rating Class:
 pressure/temperature combinations
 Seven classes (150, 300, 400, 600, 900, 1,500,2,500)
 Flange strength increases with class number
 The material specifications are grouped within

Material Group Numbers.
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FITTING (FLANGE) 

 Material Specification List 
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FITTING (FLANGE) 

 Pressure
Temperature Ratings
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FITTING (GASKET) 

 ANSI 16.20
 Resilient material
 Inserted between flanges
 Compressed by bolts to create seal
 Commonly used types
 Sheet
 Spiral wound
 Solid metal ring
 Insulation gasket
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FITTING (GASKET) 

 Flat Ring
(ANSI B16.21/IGS-PL-008)
COMPRESSED ASBESTOS FIBER ( C.A.F)
THICKNESS 1.6 MM
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FITTING (GASKET) 

 Spiral Wound
IGS-M-PL-35 / ANSI B16.20
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FITTING (GASKET) 

 Insulation Kit (IGS-M-TP-017/ANSI B16.21)
a) Insulating central gasket (F or E Type)
b) Insulating bolt sleeves
c) Insulating bolt washers
d) Steel bolt washers

 The gaskets shall have a nominal thickness of 3.2 mm and protrude in to the bore of the 

pipe by 1.5 mm to prevent electrically conductive bridging over the insulation by debris, 

etc. 
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FITTING (INSULATING JOINT) 

 Insulating Joint (IGS-M-PL-006) 
 All insulating joints shall be of monoblock type 
 The design of the insulating joint(s) shall be 

       in accordance with ASME VIII Division 1 
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FITTING (BOLTS) 

 ANSI B16.5 / B16.47
 Stud bolt
 Machine bolt
 Common materials
 ASTM A193 Gr.B7  for Bolt
 ASTM A194 Gr.2H  for Nut
 Size Designation:

ISO Metric:
M(thread Od) X (L in millimeter)  M16X75 mm 
   UNC: 
(thread Od in Inches) X (L in millimeter)  5/8”X75 mm Gasplus.ir



VALVES 

 Valve are use for:
 Controlling process and utility service
 Isolating equipment or instrument for maintenances
 Discharge gas, vapor or liquid
 Draining piping and equipment on shutdown
 Emergency shutdown
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VALVES 

 Classify valves according to functions: 
 Block flow (On / Off) 
 Regulating (Throttle flow) 
 Checking (Prevent flow reversal) 
 Switching 
 Discharging (pressure relive valve) 
 Classify valves according to operating device: 
 Manual 
 Hydraulic 
 Motor (electric and air operated) 
 Solenoid 
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VALVES 

 Type of valves:
 Ball valves
 Gate valves
 Globe valves
 Check Valves
 Plug valve
 Butterfly valves
 Pinch valve
 Needle valves
 Relief Valve
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VALVES (BALL VALVE) 

 Ball Valve : IGS-M-PL-002-3 / API 6D 
 1-All ball valves shall be full bore 
 2-Ball's type shall be “Trunnion mounted", however 
     “Floating type" is acceptable for: 

Valves with NPS≤ 6 pressure class 150. 
Valves with NPS≤ 4 pressure class 300. 

All trunnion mounted ball valves shall have a vent and drain. 
3-The stem shall be of the Anti Blow-out type 
4-Any type of ball Valves shall have an antistatic device 
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VALVES (BALL VALVE) 

 Used for isolation (quick on / off)
 Soft-sealed ball valves are not normally used for

throttling service because the soft-seats are subject
to erosion or distortion/displacement caused by fluid
flow when the valve is in the partially open position.

 ADV: Low pressure drop, fast operating, bubble tight
shut off, can be throttled Check Valves

 DISADV: Expensive, heavy, poor throttling
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VALVES (BALL VALVE) 

 Types of Ball Valve (As Per Ball): 
 

 Trunnion Mounted 
 

 Floating 
 

 Types of Ball Valve (As Per Bore) 
 

 Full Bore 
 
 Reduce Bore 
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VALVES (PLUG VALVE) 

 Plug Valve: IGS-MS-PL-002 / API6D 
 1-Material: 
 Body, Bonnet, Cover ,ends: Cast carbon steel at least according to ASTM 

A216 Grade WCB or forged carbon steel at least to ASTM a 105 
 Plug: Cast carbon steel at least according to ASTM A 216, Grade WCB 

2-The stem shall be of the Anti Blow-out type 
3-Any type of ball Valves shall have an antistatic device 

 4-All lubricated taper plug valves must be of the inverted plug "The pressure 
balance type 

 5-When specified standard type (non-pressure balanced) are permitted only 
for class 150 , up to 8 inch inclusive. 
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VALVES (PLUG VALVE) 

 Plug Valve
 One of the oldest valves in use
 When the plug is rotated it permits flow through the port

of the plug — whilst a 90° turn in either direction
completely blocks the flow path.

 Can be considered as part of the ball valve family.
 ADV:  Low Cost, Good for throttling, Good Sealing
 DISADV: High pressure drop, Tightly operation
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VALVES (PLUG VALVE) 

 Types of Plug Valve (As Per Plug) 
 

 Taper Plug 
• Standard Type 

 
 

• Inverted Type 
 

 
 

 Cylindrical Plug 
 

Standard Type 

Cylindrical Type 

Inverted Type 
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VALVES (PLUG VALVE) 

 Plug Valve (Pressure Balance) 
 
 
 
 

 
 

 

 Pressure balance hole in top and 
bottom of the plug cause the gas 
pressure doesn't able to chock the 
valve   
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VALVES (PLUG VALVE) 

 Types of Plug (As Per Bore)
 Full Bore
 Regular Pattern:
 60 percent of valve end area
 have a rectangular – slightly tapered shape in section

 Short Pattern :
 40 percent of valve end area
 To obtain short face-to-face dimension

 Venturi Pattern:
 40 percent of valve end area
 low pressure drop
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VALVES (GLOBE VALVE) 

 Globe Valve

Valve plug 

stem 

Seat ring 

Post 

Post guide 
bushing  
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VALVES (GLOBE VALVE) 

 Used for flow control 
 Disk seats against seating ring 
 Used in steam, air, oil, and water lines 
 Valve may be operated in the partially open position 

(throttled) 
 Higher pressure drop than gate 
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VALVES (GATE VALVE) 

Valve 
stem 

Blade 

Blade 
guides 
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VALVES (GATE VALVE) 

 Used for a straight line of flow where minimum 
restriction is desired 

 Not suitable for throttling 
 The gate valve is an excellent valve for service 

that requires either full or no flow.   
 When fully open, the gate valve has no flow 

restriction with the flow area equal to the full 
cross-sectional area of the line.  

 Since flow is straight through the line, pressure 
drop across a gate valve is only about 1/50th of 
that of a globe valve of comparable size 

Gasplus.ir



VALVES (CHECK VALVE) 

 Swing Check Valve 
 
 
 
 
 

 Lift Check Valve 
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VALVES (CHECK VALVE) 

 Swing Check Valve 
 Fluid viscosity should be low and non-pulsating to avoid 

continuous hammering on seat. 
 Have to be mounted horizontally or vertically. 
 Lift Check Valve 
 Suitable for high velocity applications. 
 Fluid viscosity can be high. 
 Similar seating arrangement as a globe valve. 
 Also have to be mounted horizontally or vertically. 

 

Gasplus.ir



VALVES (BUTTERFLY VALVE) 

Ring 
seal 

Disc 

Stem 
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VALVES (BUTTERFLY VALVE) 

 ADVANTAGES:  
 low pressure drop across the valve 
 has adequate throttling characteristics 
 Light, small, quick acting 

 DISADV:   
 only used for low press/low temp systems 

due to force involved in valve operation 

 Lug Type Butterfly Valve 
 
 
 Wafer Type Butterfly Valve 
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PRESSURE LOSS 
 

where 

ρ = density of fluid 

g = local acceleration due to gravity 

v = flow velocity 

ζ=Flow Coefficient  
 

  

VALVES (DESIGN CRITERIA IN VALVE SELECTION) 

 
 For the most engineering practices it can be assumed that pressure drop 

or head loss due to flow of fluids in turbulent range through valves and 
fittings is proportional to square of velocity(Bernoulli Equation). 

 The equation are valid for: 
 
 single phase flow Newtonian liquid 
 
Flow of Gas at low Mach Numbers 
 
both turbulent and laminar flow conditions 
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VALVES (DESIGN CRITERIA IN VALVE SELECTION) 
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VALVES (SIZING) 

    Flow Coefficient Cv  or  Kv 
 Kv is the flow coefficient in metric units. It is defined as the flow rate in 

cubic meters per hour [m3/h] of water at a temperature of 16º celsius 
with a pressure drop across the valve of 1 bar. 
Cv is the flow coefficient in imperial units. It is defined as the flow rate 
in US Gallons per minute [gpm] of water at a temperature of 60º 
fahrenheit with a pressure drop across the valve of 1 psi. 

 Kv = 0.865 · Cv 
Cv = 1,156 · Kv 

Q: Flow rate 
ΔP: Pressure Drop 
Sg: Specific gravity  
K: Flow coefficient Kv or Cv 
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VALVES (DESIGN CRITERIA IN VALVE SELECTION)  
 
 
 
 
 
 

 
 
 

Functional Requirement 
Fluid Specification 
Friction Loss  
Operating Condition 
Valve Material 
Valve Size 
Flow coefficient Cv 
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FUNCTIONAL REQUIREMENT 

Block flow (On / Off) 
Ball Valve 
Plug Valve 
Gate Valve 
 
Throttle Flow 
Globe Valve 
Butterfly Valve 
Needle Valve 

 
Prevent flow reversal 
Check Valve 

 
 
 
 
 
 
 

 
 
 

Pressure Reducing 
Gas Pressure Regulator 
 
Discharging 
Pressure Relief Valve 

 
 

 
 
 
 
 
 

 
 
 

VALVES (DESIGN CRITERIA IN VALVE SELECTION) 
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VALVES (SAFETY SHUT OFF VALVE) 

 Codes and Standards: 
 IGS-IN-301(1) 
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VALVES (SAFETY SHUT OFF VALVE) 

 Slam-Shut off 
 When the pressure of the downstream line 

increases above set pressure (or drops below 
the set pressure) the manometric device 
senses the pressure change and triggers the 
detection stage which activates the second 
stage releasing the slam-shut valve plug. A 
tight and total shutoff is ensured by the plug 
seal O-ring closing on the seat ring and is 
helped by the “dash pot” effect between the 

bonnet skirt and the valve plug.  
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VALVES (SAFETY SHUT OFF VALVE) 

 Valve & Actuator
 The pneumatic actuators are Rack & Pinion

design, available in double acting type
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VALVES (SAFETY SHUT OFF VALVE) 

 Valve & Actuator 
 The actuator of the Scotch Yoke design 

powered by pneumatic cylinders., available in 
double acting type. 
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VALVES (SAFETY SHUT OFF VALVE) 

 Design & Service Condition 
 

•The actuator shall be Double Acting , pneumatically operated by power gas pressure 

and Scotch Yoke type 

•The main valve shall be a full bore vall valve , split body , flanged end 

•Scotch yoke mechanism and piston rods shall be made of forged carbon steel 

according to ASTM A–105  

•The shut off valve shall close or open upon operating the push botton / handle  

•Shut off Set Point Repeatability : 

when the shut off valve set randomly at different points by varying the sensing 

pressure for at least 10 times , the shut off points shall be read . the difference 

between minimum and maximum deviations to readings shall not be greater than 2% 

of set pressure 

•Strength and Durability: 

 The shut off valve shall be actuated at least 20 times successively at set pressures 

Reset: 

The shut off valve shall be manually reset-able and shall not spontaneously return to 

the open position once operated .  
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VALVES (GAS PRESSURE REGULATOR) 

 Codes and Standards: 
 IGS-M-IN-202 
 DIN EN 334 
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VALVES (GAS PRESSURE REGULATOR) 

 Spring Loaded Regulator
 When the valve is closed, the system pressure

acting against the disk surface is resisted by the
spring force.

 The measuring pressure directly influence on
diaphragm
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VALVES (GAS PRESSURE REGULATOR) 

 Spring Loaded Regulator 
  Flow Capacity 
 
 

●Sub-Critical flow behavior,  when  (Pu<2xPd)  
  
      
 ●Critical flow behavior,  when  (Pu≥2xPd) 

  
 
 

Where: 
Q: volumetric flow rate in m3/h at 
standard conditions 
Pu: inlet absolute pressure in bar 
Pd: outlet absolute pressure in bar 
Standard conditions: 
• Absolute pressure of 1.013 bar 
• Temperature of 15°C 
• KG: Flow coefficient 
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VALVES (GAS PRESSURE REGULATOR) 

 Pressure –Loaded Regulator 
 The outlet pressure sensed and controlled by 

pressure amplifier (pilot). 
  The main diaphragm affected by pilot pressure 

loading.   

Fiorentini  Pilot-Operated 

Pressure Regulator  
 Model: Aperflux 851 

Actaris Pilot-Operated 

Pressure Regulator  
 Model: RB4700 
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VALVES (GAS PRESSURE REGULATOR) 
 Pressure –Loaded Regulator 

RMG Pilot-Operated 

Pressure Regulator  
       Model: 502  
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VALVES (GAS PRESSURE REGULATOR) 
 Pressure –Loaded Regulator 

Fiorentini  Pilot-

Operated Pressure 

Regulator  
 Model: 819 
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VALVES (GAS PRESSURE REGULATOR) 

 Pressure –Loaded Regulator 
 

 Flow Capacity 
 
 
●Sub-Critical flow behavior,  when (Pu<2xPd)  

 
  
 ●Critical flow behavior,  when  (Pu≥2xPd) 

  
 
 

Where: 
Q: volumetric flow rate in m3/h at 
standard conditions 
Pu: inlet absolute pressure in bar 
Pd: outlet absolute pressure in bar 
Sin angle in degree 
Standard conditions: 
• Absolute pressure of 1.013 bar 
• Temperature of 15°C 
• KG:Flow coefficient 
•K1: Body shape factor 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve
 The valve is closed when the

control pressure is equal to
the inlet pressure.

 The valve begins to open
when there is a reduction in
control pressure which is
greater than the sleeve
preload.

 The valve is fully open when
the drop in control pressure
is sufficient to permit inlet
pressure to completely
expand the sleeve.
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
 Closed Position 

 Throttling 
 Open Position 

 

Gasplus.ir



VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
 Accessories 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
   TARTARINI MODEL 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve (TARTARINI MODEL)
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
 Size Selection 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
 Sound pressure estimation 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve
 Operation

Two-Stage Pressure Reduction 

Worker/Monitor with Downstream Monitoring 

Two-Stage Regulation with Monitor Override 
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VALVES (GAS PRESSURE REGULATOR) 

 Axial Flow Valve 
 Operation 

 Worker/Monitor with Passive Upstream Monitoring 
 

Suggested Set Points for Worker and Monitor Regulators 
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VALVES (PRESSURE RELIEF VALVE) 

 Codes and Standards: 
 ASME SEC. VIII DIV.1 
 API RP520(Sizing/Selection/Installation) 

 API RP526(Flanged Steel Pressure Relief Valve) 

 API RP527(Seat Tightness Testing) 

 IGS-IN-302(0) 
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VALVES (PRESSURE RELIEF VALVE) 
 A pressure relief device designed to open and relieve excess pressure and to reclose and prevent the 

further flow of fluid after normal conditions have been restored. 
 A Safety Valve is a spring loaded pressure relief valve actuated by the static pressure upstream of the 

valve and characterized by rapid opening or pop-action and normally used for compressible fluids. 
 A Relief Valve is a spring loaded pressure relief valve actuated by the static pressure upstream of the 

valve. The valve opens normally in proportion to the pressure increase over the opening pressure. a 
relief valve is use primarily with incompressible fluids . 

  A Safety Relief Valve is a spring loaded pressure relief valve that may be used as either a safety or 
relief valve.  

 A Pilot-Operated pressure relief valve is a pressure relief valve in witch the major relieving device or 
main valve is combine with and control by a self actuated auxiliary pressure relief valve(Pilot)  

 Blow-down is the difference between the set pressure and the closing pressure of a pressure relief 
valve, expressed as a percentage of the set pressure with range of 5~7.5% 

 Built-up Back Pressure is the increase in pressure at the outlet of the pressure relief device that 
develops as a result of flow after the pressure relief device opens. 

 Superimposed Back Pressure is  the static pressure that exist at the outlet of the pressure relief device . 
It is the result of pressure in the discharge system coming from other source and maybe constant or 
variable. 

 The Set  Pressure is the inlet gauge pressure at which the pressure relief device is set to open under 
service condition .The set pressure tolerances, plus or minus, of pressure relief valves shall not exceed 
2 psi (15 kPa) for pressures up to and including 70 psi (500 kPa) and 3% for pressures above 70 psi  

 Pop-Action 
 Modulating Action 
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VALVES (PRESSURE RELIEF VALVE) 

 Spring Loaded 
 When the valve is closed, the system 

pressure acting against the disk surface is 
resisted by the spring force. 

  As the system pressure approaches the set 
pressure of the valve, the seating force 
between the disk and the nozzle 
approaches zero and valve will be opened. 

 The valve closes when the inlet pressure 
sufficiently below the set pressure to allow 
the spring force to overcome the inlet 
forces. 
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VALVES (PRESSURE RELIEF VALVE) 
 Pilot-Operated 
 The piston is designed to have a large area on 

the top than on the bottom. 
 Up to the set pressure the top and bottom areas 

are exposed to the same operating pressure . 
Because of larger area on the top of the piston , 
the net force holds the piston tightly against the 
main valve nozzle. 

 As the operating pressure increases                
(up to 5% of Set pressure) , the net forces 
increases and tend to make the valve tighter . 

 At the set pressure , the pilot vents the pressure 
from the top of the piston, the resulting net force 
is now upward causing the piston to lift and 
valve will be opened. 

 After the over pressure incident, the pilot will 
close the vent , thereby re-establishing 
pressure, and the net force will cause the piston 
to reseat. 
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VALVES (PRESSURE RELIEF VALVE) 

 
 A: minimum required effective discharge area, square 

inches. 

 C: variable factor, depending upon ratio of specific 

heats(k=Cp/Cv). Use C = 315 if value is unknown 

 K: Effective coefficient of discharged =0.975 when a pressure 

relief valve is installed with or without a rupture disk in 

combination. 

 Kb: Capacity correction factor due to back pressure for 

atmospheric back pressure and pilot operated valves use a 

value for Kb equal to 1.0 

 P1:Relieving pressure in pounds per square inch absolute. 

this is Set pressure +Over pressure + Atmospheric pressure. 

 T:absolute temperature of the fluid at the valve inlet(F+460) 

 Z: Compressibility factor. Use Z=1.0 If valve is unknown 

 G: specific gravity of the gas and vapor at flowing conditions. 

 Q: Required relieving capacity in standard cubic feet per 

minute. 
 

 
 

 Determine Relief Vent Area 
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VALVES (PRESSURE RELIEF VALVE) 

 
 

Example1: (Valve Sizing) 

Gas/Vapor Mass Flow (lb/hr)  
Fluid: Natural Gas 
Required Capacity: 554.8 lb/hr 
Set Pressure: 66 psig 
Overpressure: 10% 
Relieving Pressure: 87.3 psia 
Ratio of Specific Heats: 1.27 (Table 2) 
Coefficient, C: 344 (Table 2) 
Calculated Area: 0.109 square inches 
Valve Selected: 1D2 
Selected Area: 0.11 square inches 
Example:(Back Pressure Considering) 
 Set Pressure  =  150 Psig
 Back Pressure = 100 Psig

*100 =64%  Pb/P1 = Back Pressure Percentage=
  where Pb/P1 = 64% , Kb= 0.98 

Kb Pb/P1 

1.00 55 

0.995 60 

0.99 62 

0.98 64 

0.97 66 

0.96 68 

0.95 70 
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GAS PRESSURE REDUCING STATION 

Gas Inlet Filtration 
Gas 

Heating 
Gas 

Metering 
Regulation 

Gas 
Odorizing 

Gas Outlet 

 Process Diagram 
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GAS PRESSURE REDUCING STATION 

 Gas Filtration 

 Gas Heating  

 Gas Regulating 

 Gas Odorizing 

 Valves and Instruments 

 Safety & Control 

 

 

 

 

  

 Components 
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GAS PRESSURE REDUCING STATION 

 Design Criteria (As Per ANSI B31.8) 
 

 

 

 

 

 

 

•All meter tubes should have upstream and downstream isolation valves. 
•M&R station piping between the station and tie-in points should be designed to 
minimize pressure drop and gas velocity, usually less than 20 m/s for runs and 13m/s 
for headers. 

•The safety relief valve should be sized to operate on a 10% of each run capacity. 

•Sufficient piping is required between the meter run and regulators or control valves to 
minimize the acoustic error effects on metering equipment. 
 

•Regulators and control valves should be sized to handle the normal expected range of 
flows and normal expected range of pressures, at 10% - 90% of valve capacity. 

•Depending upon customer requirements, use of fail open or fail-closed regulators and 
control valves should be determined on a case-by-case basis. 
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GAS PRESSURE REDUCING STATION 
 Design Criteria (As Per ANSI B31.8) 
 

 

 

 

 

 

 

•If noise levels exceed local, state, or federal requirements, adequate measures must 
be taken to attenuate such noise to the acceptable level. Calculation for the regulating 
section indicates maximum noise level of 85 dB at a distance of 1 m from the station. 
•Isolation full-opening ball valves should be installed upstream and downstream of all 
regulators and control valves. To reduce turbulence 
•Regulator capacity shall be based on minimum inlet pressure and specified outlet pressure. 
 

•Safety shut off valve is located upstream of the reducing station 

•Tap lines should be connected to a turbulence free outlet pipe segment at a minimum 
distance from the regulator of 5 times of nominal diameter of the downstream pipe. 

•Each Run capacity shall be based on minimum inlet pressure  
 

•The line made up of safety shut –off valve and gas pressure regulator.  
1-Inlet Valve 
2-Gas Filter 
3-Differential Pressure Gauge 
4-Gas Pressure Regulator 
5-Pressure Gauge 
6-Safety Valve 
7-Vent Valve 
8-Ball Valve after the Pressure 
regulator 
9-Safety Shut-off Valve Gasplus.ir



GAS PRESSURE REDUCING STATION 
 Pipe Sizing
 

 

•The velocity of gas shall not exceed 20 m/sec in mainline and 13 m/sec in header
under the conditions of lowest operational pressure and maximum flow.

Us=Qs/A

Where:  Us=gas velocity at any section
   Qs=gas flow rate at any section

 A=cross sectional area

QSCMH= gas flow rate at standard condition (1 at. & 15.56°C) (M3/hr)
QCMH= gas flow rate at operating condition (M3/hr)

 P(min)=minimum working pressure(Psig)  
Tmax= Maximum Operating Temp. (K) 
Tst= Gas Temp. at standard Condition (15.56 °C) 
Z= Gas Compress-ability Factor  
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GAS PRESSURE REDUCING STATION 

 Pipe Thickness (As Per ANSI B31.8) 
 

 

 

 

 

 

 

•The design pressure for M&R station gas piping systems or the nominal wall 
thickness for a given design pressure is determined by the following formula: 

Where: 
 P = design pressure, psig 
S = specified minimum yield strength 
(SMYS), psi 
t = nominal wall thickness, inches 
D = outside diameter (OD), inches 
F = design (safety) factor = 0.5 (50% of 
SMYS) 
E = longitudinal joint factor 
T = temperature de-rating factor 
When E = 1 for seamless or ERW pipe and 
T = 1 for20 - 250º F 

P = [(2 * S * t) / D] * F * E * T 
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GAS PRESSURE REDUCING STATION 

 Installation Criteria
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GAS MEASUREMENT  

 Turbine  
 Ultrasonic 
 Orifice  
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GAS MEASUREMENT  

 Turbine Gas Meter : EN 12261  

1. A body containing all the components  
2. A flow straightener to stabilize and accelerate the 

gas flow before the turbine wheel  
3. A measuring unit including the turbine wheel&Rotor 
4. A magnetic coupling to transmit the movement of 

the turbine wheel to the totalizer  
5. A totalizer to register the measured gas  

IGS-M-IN-102 
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GAS MEASUREMENT  

 Turbine Gas Meter : EN 12261  

The flowing gas enters the meter through a built-in flow conditioner 
(1) that conditions the flow profile and increases the gas velocity. The 
gas continues along the flow channel (2) and enters the turbine 
rotor.The turbine rotor blading (3) is designed with overlap to give 
complete guidance to the flowing gas and extract the maximum 
energy at low gas velocities. The turbine wheel’s angular velocity is 

proportional 
to the average gas velocity flowing through the meter. The gas exits 
the turbine rotor through a flow ring (4) and an expanding exitchannel 
to minimize pressure losses. The rotation of the turbine rotor is 
transmitted via a gear train (5) and transferred from the pressurised 
meter body to the counter (7) by a gas tight magnetic coupling (6). 
The follower magnet of the magnetic coupling drives the counter to 
register volumes measured at the operating conditions. 

Operating Principle 
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GAS MEASUREMENT  

 Turbine Gas Meter  

Accuracy 
Rangeability 
•AT higher operating densities, the 
range of the turbine meter will increase 
since more torque is available to 
overcome mechanical friction of 
bearings. The following equation may 
be used to estimate the minimum flow 
rate of the meter for various operating 
conditions: 

Q = minimum capacity under operating conditions 
Qm = minimum capacity for meter accuracy  
pm = operating pressure of the meter in bar absolute 
p(atm) = atmospheric pressure in bara ( 1.01325 bara) 
d = relative density of the flowing gas 
The formula is only valid at near ambient temperature and assumes ideal gas behaviour (Z=1) Gasplus.ir



GAS MEASUREMENT 

 Turbine Gas Meter 

1. Dirt Accumulated on the rotor blades has a
tendency to speed up a turbine meter, thus resulting
in overestimated  flow volume

2. Damaged Bearing can caused major errors
3. Swirl is a condition where the gas velocity is not

totally parallel to the axis of the pipe but has a spiral
component . It may be caused by complex piping,
control and/or shutoff valves, elbows or other fittings
in the meter/regulator station.

Malfunction Factors: 
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GAS MEASUREMENT 

 Turbine Gas Meter 

Meter Sizing (G-Rate)
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GAS MEASUREMENT 

 Ultrasonic Gas Meter 

3 Pass 

4 Pass 

5 Pass 

 Principle of Operation  based on differential velocity of
ultrasonic signals in direction of flow and reversal flow

cos


vc

L
tAB

cos


vc

L
tBA
















BAAB

Pfad
tt

L
v

11

cos2 

Difference of the travel times Path velocity 











BAAB tt

L
c

11

2

sound velocity 

 
tAB 

tBA 

L V 

Gasplus.ir



GAS MEASUREMENT 

 Orifice Meter 
 Principle of Operation  based on

differential pressure upstream
and downstream of orifice plate
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GAS MEASUREMENT  

 Orifice Meter  
 Orifice Calculation 

K=specific heat ratio (Cp/Cv ), dimensionless 
m= mass flow rate at any section, kg/s 
Q1= upstream real gas flow rate, m³/s 
C= orifice flow coefficient, dimensionless 
A2= cross-sectional area of the orifice hole, m² 
ρ1= upstream real gas density, kg/m³ 
P1= upstream gas pressure, Pa with dimensions of kg/(m·s²) 
P2= downstream pressure, Pa with dimensions of kg/(m·s²) 
M= the gas molecular mass, kg/mol (also known as the molecular 

weight) 
R= the Universal Gas Law Constant = 8.3145 J/(mol·K) 
T1= absolute upstream gas temperature, K 
Z= the gas compressibility factor at and , dimensionless 

 Gasplus.ir
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GAS MEASUREMENT  

 Orifice Fitting 
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GAS MEASUREMENT 

 ADVANTAGES & DISADVANTAGE
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STREAM BALANCING  

Choked Flow in Gases 

 
 

•Choked flow occurs when gas 
velocities across a restriction in 
the flow path become sonic.  This 
is a maximum velocity which limits 
gas flow.   
•The pressure ratio (Upstream Pressure / 
Downstream Pressure) at which choked 
flow occurs is known as the Critical 
Pressure Ratio 

.  As a rule of thumb, the Critical Pressure 
Ratio is approximately 2 for a range of 
gases 

Ɣ=Ratio of Heat Capacities (CV/CP) 

Gas Ratio of Heat 

Capacities, g 

Critical 

Pressure 

Ratio 

Air 1.40 1.89 

Argon 1.67 2.05 

Chlorine 1.33 1.85 

Hydrogen 1.41 1.90 

Carbon 

Dioxide 

1.30 1.83 

Propane 1.15 1.74 
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STREAM BALANCING  

 

Restriction orifice (RO) is mainly used to achieve 
controlled or restricted flow of process medium.  

(i) Single stage restriction orifice 

A single stage restriction orifice is usually a 
plate or a block with a bore (orifice) sized 
to the intended permanent loss of 
pressure. it is a thick orifice plate. 
(ii) Single stage multi-hole restriction orifice. 

A single stage multi-hole restriction orifice plate 
is used to abate the noise generated by the 
device due to high velocity The flow at the inlet 
is now channeled into several streams through 
the multiple holes and this reduces the noise. 
(iii) Multi-stage restriction orifice plate assembly. 

These devices are used where the pressure 
reduction ratio is very high and cannot be achieved 
by a single stage orifice plate. Thus a multistage 
device essentially consists of a number of single 
stage device built in a single spool.  Gasplus.ir



STREAM BALANCING  

 

Restrictive orifice (RO) Method  

Crane Equation 

AGA Equation 

Crowl Equation 

Chocked Flow Condition:  

•P2/P1<Critical Pressure Ratio 
•Thick Plate Condition (tb/bore Dia>6) 
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STREAM BALANCING  

 

Control Valve 

ISA/IEC Gas Equation  

Gasplus.ir
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STREAM BALANCING  

 

Regulating with DP Overriding 
A dp pilot restrictor sense pressure decreasing in downstream of 
orifice, as the pressure decrease beyond expected value, in 
downstream of the orifice, the pilot diaphragm will be step down 
to  decreasing pressure bleeding subsequently  restricting gas 
flow. 
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GAS FILTRATION 

 Gravity Settling 
 

  The Souders-Brown equation is used to 
determine Terminal Velocity  to find 
Inside Diameter 

Where: 
Vt= Terminal gas velocity necessary for particles of size Dp to drop or settle out of gas, ft/sec 
Ρg= gas phase density, lb/ft3 
ρl= liquid phase density, droplet or particle, lb/ft3
K= Factor For Separation Performance(Gas Handling Capacity), ft/s 

Droplets Settled if: 
Gravitational force >Drag force 
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GAS FILTRATION  

Typical Equipments (Particle Removal Basis): 
 

 Gas Scrubber 
 Filter Separator 
 Dry Gas Filter 
 Knocked Out Drum 

Fitted Meshed Mist 
 Knocked Out Drum 

 

 

Remove Particles(Solids>5µ ) 

Remove Particles>10 µ 
 
 

Remove Particles(Solid>3 µ Liq.>5 µ) 
 

Remove Particles>2 µ 
 

Remove Particles>100 µ 
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GAS FILTRATION  
Typical Equipments Comparison: 
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GAS FILTRATION  
Typical Equipments Comparison: 

 VERTICAL KNOCK-OUT DRUM 
Application: 

− bulk separation of gas and liquid. 
Characteristics: 

− unlimited turndown; 
− high slug handling capacity; 
− liquid removal efficiency typically 90 %; 
Warning: poor removal efficiency of liquid from 

mist 

− very low pressure drop; 
− insensitive to fouling. 
Recommended use: 

− vessels where internals have to be kept to a minimum 

(e.g. flare knock-out drums); 
− fouling service e.g. wax, sand, asphaltenes; 
− foaming service. 
Non-recommended use: 

− where efficient demisting of gas is required. 
Typical process applications: 

− vent and flare stack knockout drums; 
− production separator; 
− bulk separator (e.g. upstream of gas coolers); 
− flash vessel. 
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GAS FILTRATION  
Typical Equipments Comparison: 

  HORIZONTAL KNOCK-OUT DRUM 
Application: 

− bulk separation of gas and liquid. 
Characteristics: 

− can handle large liquid fractions; 
− unlimited turndown; 
− very high slug handling capacity; 
− liquid removal efficiency typically 90 % 
Warning: poor removal efficiency of liquid from mist; 

− very low pressure drop; 
− insensitive to fouling. 
Recommended use: 

− vessels where internals have to be kept to a minimum and where there are height 
limitations; 
− slug catchers; 
− fouling service, e.g. wax, sand, asphaltenes; 
− for foaming or very viscous liquids. 
Non-recommended use: 

− where efficient demisting of gas is required. 
Typical process applications: 

− vent and flare stack knock-out drums; 
− production separator for low gas/oil ratio (GOR); 
− bulk separator; 
− slug catcher. 
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GAS FILTRATION  
Typical Equipments Comparison: 

 VERTICAL WIREMESH SEPARATOR 
Application: 

− demisting of gas. 
Characteristics: 

− high turndown ratio (factor 4); 
− high slug handling capacity; 
− liquid removal efficiency > 98 %; 
− sensitive to fouling; 
− low pressure drop. 
Recommended use: 

− for demisting service with a moderate liquid load in form of droplets; 
− where slug handling capacity may be required. 
− for compressor suction scrubbers, in non-fouling service, provided that precautions are 
taken to prevent the disengagement of loose wire cuttings. 
Non-recommended use: 

− fouling service (wax, asphaltenes, sand, hydrates) 
− for viscous liquids where de-gassing requirement determines vessel diameter 
Typical process applications: 

− production/test separator (non-fouling, moderate GOR); 
− inlet/outlet scrubbers for glycol contactors; 
− inlet scrubbers for gas export pipelines; 
− for small diameter and/or low pressure vessels, where extra costs of e.g. vane or SMS 
internals cannot be justified. Gasplus.ir



GAS FILTRATION  
Typical Equipments Comparison: 

 HORIZONTAL WIREMESH SEPARATOR 
Application: 

− demisting of gas where a high liquid handling capacity is required. 
Characteristics: 

− high turndown ratio (factor 4); 
− very high slug handling capacity; 
− liquid removal efficiency > 98 %; 
− sensitive to fouling; 
− low pressure drop. 
Recommended use: 

− typically for demisting service with a high liquid load and a low GOR; 
− applied where slug handling capacity may be required; 
− for viscous liquids where liquid de-gassing requirement determines 
vessel diameter; 
− in situations where head room is restricted; 
− for foaming liquids. 
Non-recommended use: 

− Fouling service (wax, asphaltenes, sand). 
Typical process applications: 

− production/test separator for low GOR 
− applications with height limitations. 
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GAS FILTRATION  
Typical Equipments Comparison: 

 VERTICAL  VANE  SEPARATOR 
Application: 

− demisting of gas. 
Characteristics: 

− liquid removal efficiency > 96 %; 
− moderate turndown ratio (factor 3); 
− suitable for slightly fouling service (straight or single-pocket vanes only); 
− not suitable for pressures above 70 bar; 
− sensitive to liquid slugs (in-line separator cannot handle slugs at all). 
Recommended use: 

− typically for demisting service; 
− in-line separator to be used only with relatively low flow parameter (φfeed < 0.01); 
− may be used where demister mats may become plugged, e.g. waxy crudes, sulphur 
recovery units. 
Non-recommended use: 

− heavy fouling service (heavy wax, asphaltenes, sand, hydrates); 
− for viscous liquids where de-gassing requirement determines vessel diameter; 
− if pressure exceeds 70 bar, due to the consequent sharp decline in liquid removal 
efficiency and insufficient turndown. 
Typical process applications: 

− demisting vessels with slightly fouling service. 
− compressor suction scrubbers – where vane packs are preferred to demister 
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GAS FILTRATION  
Typical Equipments Comparison: 

 VERTICAL SEPARATOR WITH REVERSED-FLOW MULTICYCLONE BUNDLE 
Application: 

− demisting and dedusting of gas in slightly fouling service and high pressure. 
Characteristics: 

− liquid removal efficiency > 93 %; 
− suitable for slightly fouling service (e.g. low sand loading); 
− high pressure drop; 
− compact separator; 
− sensitive to high liquid loading or slugs. 
Recommended use: 

− typically for use in a slightly fouling environment  
   where the gas pressure is higher than 
100 bar (abs) and a compact separator is required. 
Non-recommended use: 

− low gas pressure; 
− heavy fouling service (high sand loading will cause erosion); 
− high liquid loading; 
− slugs; 
− when high liquid removal efficiency is required. 

Typical process application: 

− well head separators; 
− primary scrubbers under slightly fouling service and when the liquid loading is low; 
− compressor suction scrubbers if sand is present in the feed. 
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GAS FILTRATION  
Typical Equipments Comparison: 

 FILTER SEPARATOR 
Application: 

− after-cleaning of already demisted gas when maximum liquid 
removal efficiency is required. 
Characteristics: 

− liquid removal efficiency 50 % to 80 %; 
− high pressure drop; 
− unsuitable in case of high liquid loading or slugs; 
− sensitive to fouling by solid particles or sticky material. 
Recommended use: 

− typically as a second-line gas/liquid separator to after-clean the 
gas stream exiting from the first-line gas/liquid separator. 
− a pre-filter is required if solids are present. 
Non-recommended use: 

− heavy fouling (sticky material) service; 
− high liquid loading; 
− slugs. 
Typical process application: 

− last demisting stage of natural gas prior to despatch for sale; 
− extra protection of downstream compressors, sensitive treating 

processes etc. 
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GAS FILTRATION  

Mist Elimination: 
 mist eliminators provide 

an effective solution to 
liquid entrainment 
problems in many types of 
equipment including: 
• scrubbing, absorption, 

stripping or distillation 
columns 
• evaporators 
• falling film condensers 
• knock-out vessels 
• 3 phase separators 
• desalination plants 
• refrigeration plants 
• gas dehydration plants 
• compression systems 
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GAS FILTRATION  

Mist Elimination: 
 The four basic mechanisms of 

droplet capture are considerable. 

1-Diffusional Deposition is only effective 
in the separation of very finely dispersed 
aerosols with droplets typically smaller 
than 1μm - that are small enough to be 
affected by Brownian Motion. 
2-Direct Interception assumes that a 
droplet of a given diameter and negligible 
mass follows the stream line around the 
‘target’ wire or fiber and is separated as it 

touches the target or collection fiber. 

3-Inertial Interception considers the droplet 
mass and predicts how momentum will 
make it deviate from the gas stream. 

4-Gravitational Deposition works on the 
principle that large, slow moving 
droplets may separate from a gas 
stream under gravity. This is restricted 
to large droplet sizes and low 
superficial gas velocities 
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GAS FILTRATION  

 Vessel Sizing 

 Gas Separator 

The Souders-Brown equation is used to determine Terminal Velocity  to 
find Inside Diameter 

Where: 
Vt= Terminal gas velocity necessary for particles of size Dp to 
drop or settle out of gas, ft/sec 
Ρg= gas phase density, lb/ft3 
ρl= liquid phase density, droplet or particle, lb/ft3 

K= Factor For Separation Performance, ft/s 
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GAS FILTRATION  

 Vessel Sizing 

 Gas Separator 

• Define Minimum Cross Section Area 
for the Mist Elimination 

 Use L/D = 1.5~5 
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GAS FILTRATION  

 Vessel Sizing 

 Gas Separator 

Example : A vertical vane demister separator is required to handle 60 MMscfd of 0.75 
relative density gas (MW = 21.72) at a pressure of 514.7 Psig and a temperature of 
40°C. Compressibility is 0.9, viscosity is 0.012 cp, and liquid relative density is 0.50. It is 
desired to remove all entrainment greater than 8 microns in diameter. 
 
Gas density, 
 
 
 
Liquid density, 
 
K-factor for vane = 0.9 ft/s  
 

Gas Flow,  
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GAS FILTRATION  

   use centrifugal force to separate solids and liquid 
droplets from the gas phase based on density 
difference 

 Gas Scrubber(Multi-Cyclone) 
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GAS FILTRATION  

 How Dose it Works? 

 Gas Scrubber(Multi-Cyclone) 

(A)Contaminated gas enters the Cyclone Tube 

tangentially at two locations. 

 
(B) The tube housing forces the gas into a 

cyclonic flow pattern. Centrifugal force throws 

the solids and liquids against inner cyclone 

tube wall. 
 
(C) Solid and liquid particles drain down the 

cyclone tube walls and collect at the bottom. 

 
(D) Clean gas flows down and then up through 

the center annulus and exits at the top. 
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GAS FILTRATION  

 How Dose it Works? 

 Gas Scrubber(Multi-Cyclone) 
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GAS FILTRATION  

 Pressure Drop 

 Gas Scrubber(Multi-Cyclone) 
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GAS FILTRATION  

 Removal Efficiency 
 Gas Scrubber(Multi-Cyclone) 
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GAS FILTRATION  

 Design Criteria 
 Gas Scrubber(Multi-Cyclone) 

•Normally, the cyclones are tangential (reversed flow) cyclones with a 2" diameter 
and with two tangential, diametrically-opposed inlets. 
•An optimum velocity of 15-20 m/s per tube or 0.005<QG < 0.01 m3/s are 
recommended  
•If cyclones have to operate for a prolonged period at a gas flow rate lower than 5 m/s 

or  0.003 m3/s, it is recommended to temporarily plug a number of cyclones at their top 
and bottom outlets, thereby obtaining actual loadings of QG > 0.005 actual m3/s.  

•The multi-cyclone bundle layout should satisfy the following requirements: 
1. Cyclone-cyclone pitch should be at least 80 mm. 
2. All cyclone inlets shall be at the same level. Vertical staggering shall not be 
employed to save space. 
3. To minimize maldistribution of the feed over the cyclones, it is recommended 
(particularly if the vessel diameter is larger than 1.5 m) to have a cyclone-free sector 
facing the feed inlet of the vessel. 
5. It is recommended to have the multi-cyclone bundle removable in one piece. 
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GAS FILTRATION  

 Gas Scrubber(Multi-Cyclone) 
Height 
Let h be the height required for liquid hold-up (up to 
LZA(HH)), then the total vessel height, 
H (tangent to tangent or bottom tangent to flange 
face if a full vessel flange is fitted), is typically 
− for a vessel with gas outlet at the top: 
H = h + 0.6 + 0.15 + d0 + 0.15 + 0.2D [m] 

Nozzles 
The size of the feed nozzle and of the gas outlet nozzle 
may be taken to be equal to the 
pipeline size, but it shall be ensured that: 
ρGv2 
G,noz ≤ 3750 [Pa] 
Pressure drop 
The pressure drop across the multicyclone separator is: 
Pin - Pout = Kc ρG V2Gc      [Pa] 
Typically, Kc = 17 for 50 mm diameter cyclones. 
Thus, at maximum gas flow (assuming ρG = 120 kg/m3), the pressure drop 
is 0.24 bar. Gasplus.ir



GAS FILTRATION  

 Vessel Sizing 
 Gas Scrubber(Multi-Cyclone) 

Example : A multi-cyclone Scrubber  is required to handle 200000 SCMH of 0.75 
relative density gas (MW = 21.72) at a pressure of 700 Psig and max. operating 
pressure of 1050 psig and a temperature of 40°C. Compressibility is 0.825. It is desired 
to remove all entrainment greater than 8 microns in diameter. 
 

Required Cyclone Tube: 
•An Cyclone tube with outlet diameter of 1”-SCH40 and optimum velocity of 15-20 m/s 

per tube or 0.005<QG < 0.01 m3/s are recommended  

No. of Cyclone Required = 
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GAS FILTRATION  

 Gas Scrubber(Shell Thickness) 
ASME formula in terms of outside dimensions can be 
expressed as:  

Where: 
 P= Design pressure or max. allowable working pressure PSI 
Ri=Inside radius , inches 
S=Stress Value of material PSI 
Tr=Wall thickness , inches 
E=joint efficiency 
C=Corrosion Allowance , inches 

Tr Minimum Required Thickness  INCH 

P Design Pressure  PSIG 1155 

Ro Inside Radius  INCH 39.37/2=19.685 
S Maximum Allowable Stress  PSI 20000 

E Joint Efficiency  1 

C Corrosion Allowance  INCH 0.0625 
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GAS FILTRATION  

 Filter Separator 
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GAS FILTRATION  

 Filter Separator 
 A  Horizontal Or Vertical filter separator is a two-stage design 

construction for the removal of both solid particles and liquid droplets 
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GAS FILTRATION  

 Filter Separator (Principle of Operation) 

Gasplus.ir



GAS FILTRATION  

 Filter Separator (Principle of Operation) 
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VIDEOES/PEACH Gemini Purasep Video.avi


GAS FILTRATION  

 Filter Separator (Sizing a Coalescer) 

• Medium Velocity 
 
 
 
 
 

    

• Annular Velocity 
 
 

    • Drain-ability 
 
 

    

• Liquid Aerosol Concentration 
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VIDEOES/Liquid Gas Coalescer Movie - Basic fundamental in properly designing a liquid-gas coalescer assembly_0001_0001.avi
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VIDEOES/Liquid Gas Coalescer Movie - Basic fundamental in properly designing a liquid-gas coalescer assembly_0001_0003.avi


GAS FILTRATION  

 Filter Separator(Vessel Internals) 
   Cartridge Element 
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GAS FILTRATION  

 Filter Separator(Vessel Internals) 
   Vane Pack 

•Vane-type mist eliminators capture tiny 
liquid droplets entrained in a gas or vapor 
by a method commonly called inertial 
impaction. The gas flows 
either horizontally or upward 

•Properly designed 
vane mist eliminators 
can remove 99% of 
particles as low as 10 
μm in diameter, 

especially at 
lower pressures 

K-Value=0.35 m/s 
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GAS FILTRATION  

 Filter Separator(Vessel Internals) 
   Wire Mesh Demister 

•Droplets are removed from a vapor 
stream through a series of three stages:  
1-collision & adherence to a target  
2-coalescence into larger droplets  
3-drainage from the impingement element. 
•For particles in the mist region 
between 3-20 μm, knitted wire mesh is 
most common type of mist eliminator 
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GAS FILTRATION  

Mist Elimination: 
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GAS FILTRATION  

 Filter Separator(Vessel Internals) 
   Gas Handling Capacity 

Wire Mesh Demister Vane Pack Demister 
Item Mist Eliminator K-Value 

   ft/s 

Installation 

1 Wire Mesh 0.35-0.4 Horizontal 

2 0.42-0.5 Vertical 

3 Vane Pack 

 

0.9-1.5 Horizontal 

4 0.4-0.5 Vertical 
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GAS FILTRATION  

 Filter Separator(Filtration Surface Area) 
Gas Permeability: 

•The maximum flow rate of gas passing 
through  One square meters of filtration 
media to meet restricted differential 
pressure     

∆Pmax=2 Psi 
Area=1 m2  

Max. Filtration Rate @ 
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GAS FILTRATION  

 Filter Separator(Filtration Surface Area) 
1.Filtration Rate Submitted by Filter Element Manufacturer:  

2.Medium Filtrate Velocity 
To ensure a proper coalescing process the gas velocity into the filter part of the 
candles, VG,cf, should not be too high. Recommended upper limit is 0.10 m/s      
(VG,cf is based on outer candle surface).  

3-Anuular Velocity 
To avoid re-entrainment of the coalesced droplets in the filter 
compartment around the candles, the candles should fill not more 
than 35 % of the cross section of the vessel 
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GAS FILTRATION  
 Filter Separator(Minimum Diameter Req. for Settling) 

3.The Souders-Brown equation to find terminal settling 
velocity can be expressed as:  

Where: 
Vt = Terminal gas velocity necessary for particles of size Dp 
 to drop or settle out of gas, m/sec 
Ρg = gas phase density, Kg/m3 
ρl= liquid phase density, droplet or particle, Kg/m3 

K= K-Value use 0.4 m/s 

Example : A filter separator is required to handle a flow of 2 Mm3/day at conditions 
presented for Cyclone-Scrubber. Estimate the diameter of a filter separator. 
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GAS FILTRATION  

 Design Criteria  
 

 

 

 

 

 

 

•The size of the feed nozzle and of the gas outlet nozzle may be taken to be equal to the 
pipeline size, but it shall be ensured that: 

•The Height of Filter Bank Section roughly considered as per Element Length  

•Consider half Diameter size of Shell  to determine sump Pipe   

•To ensure a proper coalescing process the gas velocity into the filter part of 
the candles, vG,cf, should not be too high. Recommended upper limit is 0.10 
m/s (vG,cf is based on outer candle surface). 

•To avoid re-entrainment of the coalesced droplets in the filter compartment around the 
candles, the candles should fill not more than 35 % of the cross section of the vessel 
and the vessel load factor λ should be ≤ 0.1 m/s. 
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GAS FILTRATION  

 Filter Separator(Shell Thickness) 
ASME formula in terms of outside dimensions can be 
expressed as:  

Where: 
 P= Design pressure or max. allowable working pressure PSI 
Ri=Inside radius , inches 
S=Stress Value of material PSI 
Tr=Wall thickness , inches 
E=joint efficiency 
C=Corrosion Allowance , inches 
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GAS FILTRATION  

 Dry Gas Filter 

As the dust-laden gas enters the filter, heavy particles - 
such as rust, scale, etc. drop out of the gas stream. The 
gas then rises at low velocity and flows through a filter 
element. as the gas flows from the exterior to the interior of 
the filter cartridge. Dirt and dust particles are trapped in the 
cartridge material. 
ASME Sec.VIII / IGS-PM-105 
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GAS FILTRATION  

 Dry Gas Filter (Filtration Surface Area) 
1.Filtration Rate Submitted by Filter Element Manufacturer:  

3.Annular Velocity Check:  

2.Medium Filtrate Velocity 
To ensure a proper filtering process the gas velocity into the filter 
part of the cartridge, VG,f, should not be too high. Recommended 
upper limit is 0.10 m/s 
 (VG,f is based on outer Cartridge surface).  
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GAS FILTRATION  

 Dry Gas Filter (Filtration Surface Area) 
Determination of Element Surface Area:    
A=(Hx2ΠxODxL)/d 
 
 
Where: 
A=Filtration Area 
D=Distance of Apex 
OD=Outside Diameter of Element 
L= Length of Flounce 
H= Length of Element 
 
 
 From IGS-M-PM-105 , PART 4.17.1: 
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GAS FILTRATION  

 Dry Gas Filter(Shell Thickness) 
ASME formula in terms of outside dimensions can be 
expressed as:  

Where: 
 P= Design pressure or max. allowable working pressure PSI 
Ri=Inside radius , inches 
S=Stress Value of material PSI 
Tr=Wall thickness , inches 
E=joint efficiency 
C=Corrosion Allowance , inches 
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GAS PRE-HEATING  

  When regulating of pressure events the gas temperature will cool 
approximately 7º F per 100 psig drop pressure (or 1º F per 15 psig drop in 
pressure).So we must prepare, adequate heating facilities to prevent 
regulator freezing 
 
 

 Indirect Water Bath Heater (Natural Draft)  
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GAS PRE-HEATING  

 Indirect Water Bath Heater 
 Principle of Operation 

 Bath Heaters consist of three basic components: 
• Fire Tube 
• Shell 
• Process/Flow Coil 
The “U” Shaped fire tube is located in the lower half of the shell 

fully immersed in the water bath. Fuel gas is burned within the fire 
tube releasing heat through the wall of the fire tube to the water 
bath maintaining temperature up to 1900F (880C). The heated 
water bath then transfers heat through the tube wall to the fluid 
flowing through the process/flow coil or a series of tubes which are 
located in the upper half of the vessel. Typical fluids to be heated 
are well streams, oil, natural gas etc. The fire tube gas supply is 
controlled by a temperature controller in order to maintain the 
required bath temperature for the actual inlet and/or outlet 
conditions.  
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GAS PRE-HEATING  

 Indirect Water Bath Heater 
 Heater Component 

 •Shell 
•Fire Tube 
•Process Coil 
•Fuel Line & Instruments  
•Flame Arrestor 
•Skid & Ladder 
•Expansion Tank 

•Insulation  
DRAIN
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Gasplus.ir



GAS PRE-HEATING  

 Indirect Water Bath Heater 
 DESIGN REFERENCES: 
 ASME Sec.VIII  
 IGS-PM-104 
 API12K 
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GAS FILTRATION  

 Design Criteria  
 

 

 

 

 

 

 

•Average heat flux for fire tube shall not exceed 12000 BTU/hr.ft2 (33,000 kcal/hr.m2). 

•Coil heat transfer area shall be design for gas outlet pressure of 38 °C. 

•Fire tubes material shall be pipes ASTM A 106 Gr.B, A53 Gr.B, API 5L Gr.B or 
ASTM A 516 Gr.70, wall thickness 0.250” up to 24” diameter and 0.312” for 26” 
diameter and larger. 

•Maximum allowable gas velocity in coil shall be 20 m/sec. 

•The shell and heads must be insulated with 50mm thickness fiber glass insulation or 
equivalent having an aluminum cladding with min. thickness 0.8 mm (The mineral wool 
shall have specific weight of 100kg/m3 and a thermal conductivity less than 0.7 
W/°K.m at an average temperature of 200°C) 

•Bath media expansion reservoir designed to hold 6% of the total bath media. 

•The gas velocity in the fuel line and burner manifold shall not exceed 20 m/sec. 
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GAS PRE-HEATING  

 Shell Heat Transfer (Free Convection) 
 

 Indirect Water Bath Heater 
 Coil Sizing 
 Coil Heat Transfer (Force Convection) 

 Two Twi

T

T

1/hoAo ln Do
Di

2  kl hiAi
1

i

o

Nud = 0.023 Re0.8 Pr0.4  

Nud = 0.53(Gr.Pr)1/4   

Q = UA∆TLM 

Q= mCp (Tb2-Tb1)  
A(Min. Surface Area Req.) 
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GAS PRE-HEATING  

 Indirect Water Bath Heater(Coil Thickness) 
API12K formula which are based on ASME B31.3  in 
terms of outside dimensions can be expressed as:  

Where: 
 P= Max. internal pressure PSIG 
S=Allowable Stress Value of material PSI  
tr=Required Wall thickness , inches 
Y=Coefficient of 0.4 when t is less than D/6 when t is equal or  
greater than D/6    Y=d/(d+6) 
d= Nominal inside Diameter , inches 
D= outside diameter of pipe , inches  
C=Corrosion Allowance , inches 
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GAS PRE-HEATING  

 Indirect Water Bath Heater  
 Controls 
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GAS PRE-HEATING  
 Indirect Water Bath Heater  
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GAS PRE-HEATING  

  Combining of oxygen and the 

elements in the fuel. When the 

oxygen and the fuel combine, they 

create heat, light—and combustion 

gases. In order for something to burn, 

we need three things: 

 1.Oxygen from the air  

 2. A fuel that will combine with the 

oxygen 

 3. Heat 

 A fan supplies the air required for 

combustion. Figure below shows how 

a burner operates. 

 
 

 Indirect Water Bath Heater (Forced Draft)  

MIXING → IGNITION → CHEMICAL REACTION →DISPERSAL OF PRODUCTS 

The Stoichiometric ratio: 
The air to natural gas (stoichiometric) ratio by 
volume for complete combustion vary 
between 9.5:1 to 10:1 

CH4 +2O2 = CO2 + 2H2O 
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GAS PRE-HEATING  
 Indirect Water Bath Heater (Forced Draft)  

Combustion Controls  
Combustion controls assist the burner in regulation of 
fuel supply, air supply, (fuel to air ratio), and removal 
of gases of combustion to achieve optimum heater 
efficiency.  
On/Off Control  
The simplest control, ON/OFF control means that either the burner is 
firing at full rate or it is OFF. This type of control is limited to small 
boilers. 

High/Low/Off Control 
Slightly more complex is HIGH/LOW/OFF system where the burner has two firing rates. The 
burner operates at slower firing rate and then switches to full firing as needed. Burner can also 
revert to low firing position at reduced load. This control is fitted to medium sized boilers. 

Modulating Control  
The modulating control operates on the principle of matching the steam pressure demand by 
altering the firing rate over the entire operating range of the heater. Modulating motors use 
conventional mechanical linkage or electric valves to regulate the primary air, secondary air, and 
fuel supplied to the burner. Full modulation means that heater keeps firing, and fuel and air are 
carefully matched over the whole firing range to maximize thermal efficiency. 

Gasplus.ir



GAS PRE-HEATING  
 Indirect Water Bath Heater (Forced Draft)  

Turndown Ratio  
Turndown is defined as the ratio of maximum heat release to minimum heat 
release at which a burner operate in complete combustion.  
•The burner(s) turn down ratio shall be at least 10:1. 

Excess Air Requirements 
The burner must be sized to ensure that the air required for good combustion will be 
available at the burner's maximum design capacity.  

•Turndown is defined as the ratio of maximum heat release to minimum heat 
release, for example if the maximum heat release of a burner is 5 MMBtu/hr and 
minimum heat release of that burner is 1 MMBtu/hr, then the turndown is 5:1. 

Thermal Efficiency 

•The thermal efficiency of a heater is the heat absorbed divided by the heat input. 
Heat  absorbed is heat transferred to process streams, to increase process gas 
temperature..  
High Stack Temperature  
•Efficiency of 90% means cooling stack gas to the 300 to 400°F range. This 
requires a heat receiver or “sinks” whose inlet temperature is 50 to 100°F cooler 
than the stack outlet temperatures. Regardless of its radiant section design, a 
heater must have a convection section to achieve this kind of efficiency.  Gasplus.ir



GAS PRE-HEATING  

 Indirect Water Bath Heater  
 Fire Tube New Configuration   

 
 
new design includes an straight 
section tube which are branched 
several to the smaller diameter tubes 
and finally join to the unique flue box 
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GAS PRE-HEATING  

 Indirect Water Bath Heater  
 Coil New Configuration   

 
 

new design and configuration is used 
in order to increase the heat transfer 
area based on the gas flow volume by 
applying TEMA standard code for the 
coil design. 
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GAS ODORISING  

 Injection Odorizing  
 Principle of Operation 

 As the control box of odorizer, accumulate all signals from 
gas meteres, it will send a signal to the pump (adjustable) 
for odorant discharge.  
The Injection odorizer is a patented device that injects 
odorant into the pipe line in the liquid phase.  
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GAS ODORISING  

 Injection Odorizing  
 Injection Pump 

 The reciprocating plunger 
transmits its displacing movement 
via a hydraulic fluid on the 
diaphragm and the diaphragm 
on the fluid conveyed. The 
diaphragm separates hydraulic 
fluid and the fluid conveyed 
and safely separates them from 
the atmosphere. A diaphragm 
movement control in the 
hydraulic part of the pump head 
assures highest operational 
safety. Via the snifting valve (1) 
in connection with the control 
push rod (2) the rear diaphragm 
position is determined and the 
internal leakage is replenished. 
An integrated pressure limiting 
valve (3) with degassing 
function safeguards the pump 
against overload. 
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GAS ODORIZING  
 Injection Odorizing 
 TANK & PUMP Sizing 

 •Odorant tank shall be sized big enough to hold the full 
quantity of odorant required for one month continuous 
operation. min. tank capacity = 300 liters 
•The odorant to be used will be mercaptan making a 
concentration of 10 to 25 mg. per standard cubic meter 
•The pump shall be so sized as to meet the max. 
injection rate of 25 mg. of odorant per standard cubic 
meter of gas flow . 
Example—Define the odorant tank volume and 
pump size for a gas pressure reducing station 
(C.G.S) with the flow rate of 20,000 SCMH, gas 
pressure of 250 PSIG, odorant holding time of 
one month and odorizing rate of 20 mg per 
standard cubic meter. 
 Qa=20,000 SCMH 
ρ odorant=820 Kg/m3 
K= 20 mg/SCM (odorant Concentration) 
 
 
 
 V tank = 0.487 Lit/h x 24h x30 days = 350 Liter Gasplus.ir



GAS ODORIZING  

 By-pass Odorizing 
 Principle of Operation

 The evaporation-absorption (By-pass) Odorizer consists of a tank 
equipped with one or more wicks located on a   by-pass gas line. The 
control for bypassing the gas through the tank is obtained by manually 
throttling a valve located on the main line. 

•MAXIMUM CAPACITY SHALL

BE 10,000 STANDARD CUBIC

METER PER HOUR.

•THE RATE OF ODORIZING FOR

T.H.T IS BETWEEN 15 TO 25 MG.

PER STANDARD CUBIC METER.
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GAS ODORIZING  

 Injection Odorizing 
 TANK Sizing

 Odorant tank shall be sized big enough to hold 
the full quantity of odorant required for three 
month continuous operation. 

Mass Of Odorant evaporated : 

10 gr/SCM x 4.26 SCMH x24 hr x90 days=92 Kg 

Minimum Tank Volume: 

Odorant Density : 820 Kg/m3 

Let`s assume that the odorizing rate shall be 20 
mg per standard cubic meter. Let`s further 
assume, that the gas temperature is 8 °C, the gas 
pressure is 60 Psig  and the total flow in the main 
gas line is 420 m3/hr . refer to the solubility 
diagram it can find that under this temperature 
and pressure conditions, the solubility 10 gr/SCM. 
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for more 
information please 
check GASPLUS
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