
ME444 ENGINEERING PIPING SYSTEM DESIGN

CHAPTER 12: STEAM PIPING SYSTEM (2)
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1. COST OF STEAM

1 kg/h of saturated steam at ambient pressure 

= 2257 kJ/hr

= 627 watt

Fuel

Air

Water Steam

Flue gas
Heat loss

Blowdown
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CALCULATING COST OF STEAM

Example
Calculate the cost of generating 1 kg of steam at 8 barg from 30C feed 
water using heavy oil C. Boiler efficiency is 80%

Feed water temp 30 C: enthalpy, h1 = 4.18x30 = 125.4 kJ/kg
Saturated steam at 8 bars: enthalpy h2 = 2779.66 kJ/kg
Heat input (per kg) h2-h1 = 2654.26 kJ/kg

Heating value of heavy oil C = 39.77 MJ/litre
Boiler efficiency = 80%

Oil require = 2654.26 / 39.77/1000 / 80% = 0.0834 litre/ kg of steam
Cost of oil (approximated) = 18 baht/litre

Cost of steam = 18*0.0834 = 1.5 baht / kg of steam
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COST OF STEAM

Natural Gas

Petroleum Gas

Diesel

Heavy Oil

Electricity

Lignite (Mae moh)

Wood

Paddy husk

Fuel unit MJ/unit
Cost

(baht/unit)

Efficiency Cost of 
steam

(baht/kg)
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COST OF ENERGY
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2. HEAT LOSS AND INSULATION

Insulation is required to
• Reduce heat loss (w/o insulation loss ≈ 2000 watt/m2)
• Prevent injury (maintain surface temp < 50C)
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OPTIMUM INSULATION THICKNESS
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PROPERTIES OF INSULATIONS
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THERMAL CONDUCTIVITY
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RECOMMENDED THICKNESS
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CALCULATION OF HEAT LOSS

CONDUCTION

CONVECTION+ RADIATION

FLUID

INSULATION

AMBIENT
SURFACE

TF

TS

TA

QCOND = QCONV+RAD

KNOW TF AND TA

KNOW PIPE SIZE, PIPE THICKNESS AND INSULATION THICKNESS

SOLVE FOR Ts

SET

( )44
AS TT −+εσ
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HEAT LOSS FROM STEAM PIPE

[TABLE 11.4] 13



3. DESIGN OF CONDENSATE PIPE

• Condensate can be driven by steam pressure
• Velocity < 1 m/s
• Pressure drop < 1 m/100m
• Flash steam may occur along the way
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FLASH STEAM FROM CONDENSATE
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CONDENSATE PIPE SIZING CHART
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4. STEAM TRAPS

TO REMOVE CONDENSATE AND AIR FROM STEAM SYSEM
INSTALL AT:

STEAM HEADER
MAIN LINE (EVERY 30 TO 50 m)
BOTTOM OF VERTICAL PIPE
DROP PIPE BEFORE CONTROL VALVE OR PRV
EQUIPMENT OUTLET
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INSTALLATION
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WATER HAMMER

OCCURS WHEN CONDENSATE 
MOVES FAST AND HIT THE PIPE WALL
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THERMOSTATIC STEAM TRAPS

UTILIZE TEMPERATURE DIFFERENCE OF STEAM, CONDENSATE AND AIR
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BALANCED PRESSURE STEAM TRAPS

Capsule filled with 
liquid with lower 
boiling point

NOT SUITABLE FOR WATER HAMMER 21



RESPONSE OF BALANCED PRESSURE STEAM TRAPS

Do not  open until condensate temperature drop below steam temperature22



BIMETALLIC STEAM TRAPS

EMPLOY DIFFERENT THERMAL EXPANSION OF TWO METAL 
STRIPES
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RESPONSE OF BIMETALLIC ELEMENT

MULTI ELEMENTSSINGLE ELEMENT
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MECHANICAL STEAM TRAPS

OPERATE ON DENSITY DIFFERENCE BETWEEN CONDENSATE 
AND STEAM

REQUIRE AIR VENT (BUILT IN OF SEPARATE INSTALLED)

MUST BE INSTALLED IN HORIZONTAL POSITION
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BALL FLOAT STEAM TRAPS

NOT SUITABLE FOR WATER HAMMER
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INVERT BUCKET STEAM TRAPS
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THERMODYNAMICS STEAM TRAPS

UTILIZE FORCE FROM AREA DIFFERENCE

LIMITED BACK PRESSURE 28



THERMODYNAMICS STEAM TRAPS

UTILIZE FORCE FROM AREA DIFFERENCE

LIMITED BACK PRESSURE 29



STEAM LOCK

OCCUR IN A ROTATED MACHINE
WHERE SYPHON TUBE IS USED.
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SELECTING STEAM TRAPS
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SELECTING STEAM TRAPS (2)

READ DETAIL IN THE REFERENCE 32



5. STRESSES IN STEAM PIPES

• BENDING STRESS FROM PIPE WEIGHT AND EXTERNAL LOADS
• HOOP STRESS FROM INTERNAL PRESSURE
• THERMAL STRESS

• MATERIAL STRENGTH REDUCES WITH INCREASING TEMPERATURE
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ALLOWABLE STRESS

ASHRAE 2000
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BENDING STRESS

Example : simple calculation
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6” sch 40 pipe carrying steam. 
Support interval 5 m.

Bending Stress = 5 MPa
Max. Deflection = 0.02 mm.
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RECOMMENDED SUPPORT INTERVAL

ASHRAE 2000
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HOOP STRESS

Pi t
rP ⋅

=σ

Example:
Steam at 20 bars in 6-inch Sch 40 pipe
Hoop stress = 22.7 MPa
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THERMAL STRESS

TE ∆= ασ

Steam at 20 bars (212 C) will cause the pipe to expand.
1.13x10-5 x (212 - 30) = 0.2%
Without proper expansion joint, 
theoretical value of thermal stress = 426 MPa

For 6-inch Sch.40 pipe the axial force is equivalent to 156 tons.

In reality, the support will fail or the pipe will bend and the joints will break.

For steel, α = 1.13 x 10-5 C-1
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EXPANSION JOINTS
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INSTALLATION OF EXPANSION JOINTS
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INSTALLATION OF EXPANSION JOINTS
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