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Steam Distribution System 
 
Introduction: 
The steam distribution system is often the most neglected part of the industrial 

steam system; yet, steam-distribution improvements are relatively inexpensive and 
easy to install.  
Total steam distribution losses are often considerably greater than the losses 
associated with the boiler. Whereas a well-maintained boiler can be improved 5%, 
the efficiency of steam distribution can often be improved by 10-15% (sometimes 
more). A few examples of steam efficiency opportunities in the distribution system 

are:  
� Insulation 
� Pipe redundancy 

� Pipe sizing 
� Heat loss in condensate 
� Steam trap losses 

� Air venting 
 
Thermal Insulation: 

The need for efficient thermal insulation has become more important as both 
operating temperatures and energy costs have increased. The production, 

distribution and use of steam require thermal insulation to ensure that process 
requirements are satisfied. The first consideration is to ensure that steam generated 
at the boiler can be delivered to the point of use at the correct temperature and 

pressure. To ensure that energy loss remains within design tolerance it is essential 
to make the correct choice of thermal insulation system. 
 
Thermal insulation on steam piping has several functions: 

• preventing losses and gains of heat;  
• maintaining consistent process temperatures;  

• protecting employees from burns and frostbite;  
• preventing condensation from forming on cold equipment surfaces; and  
• maintaining comfortable working environments.  

 
Thermal insulation deteriorates over time, and re-evaluation of long-established 
systems may show that the insulation is inadequate or damaged.  

 

Economic thickness of insulation: 
The key step in an analysis of insulation involves determining the most economic 
thickness to install, which means the thickness of insulation that saves the most 
energy per Rupees in installation cost.  

The effectiveness of insulation follows a law of diminishing returns. Hence, there is a 
definite economic limit to the amount of insulation that is justified. Beyond a certain 
level, increased thickness is not viable in terms of cost as this cannot be recovered 

through small heat savings. This limiting value is termed the economic thickness of 
insulation (ETI). 
Firms have different fuel costs and boiler efficiencies and these factors can be 
brought together to calculate ETI. In other words, for a given set of circumstances, a 
certain thickness results in the lowest overall cost of insulation and heat loss over a 
given period of time. Figure below illustrates the principle of ETI. 
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Heat loss through bare pipe: 
The heat losses through bare pipes can be found by reference to Table given by 
Spirax Sarco and using a simple equation. The result will give a close estimation of 
the actual loss taking place. Against different temperature difference, the table gives 

heat emission per meter of un-insulated pipe. It is considered as heat emission from 
bare horizontal pipes with ambient temperatures between 10°C and 20°C and still 
air conditions. 

 

Pipe size (NB) 
 

15 20 25 32 40 50 65 80 100 150 

Temperature 
difference 
steam to air 
°C W/ m 

60 60 72 88 111 125 145 172 210 250 351 

70 72 87 106 132 147 177 209 253 311 432 

80 86 104 125 155 171 212 248 298 376 519 

90 100 121 146 180 196 248 291 347 443 610 

100 116 140 169 207 223 287 336 400 514 706 

110 132 160 193 237 251 328 385 457 587 807 

120 149 181 219 268 282 371 436 517 664 914 

130 168 203 247 301 313 417 490 581 743 1025 

140 187 226 276 337 347 464 547 649 825 1142 

150 208 250 306 374 382 514 607 720 911 1263 

160 229 276 338 413 418 566 670 794 999 1390 

170 251 302 372 455 457 620 736 873 1090 1521 

180 275 330 407 499 497 676 805 955 1184 1658 

190 299 359 444 544 538 735 877 1041 1281 1800 

200 325 389 483 592 582 795 951 1130 1381 1947 

 

Using the temperature difference of the steam and atmosphere, one can work out 
the heat loss through the bare surface of a particular size pipe in W/m. It can be 
converted as 
HL (from the table) x 3.6 in kJ/ hour 

It is important to insulate all hot parts of the system with the exception of safety 
valves. This includes all flanged joints on the mains, and also the valves and other 
fittings.  

Equivalent lengths of pipe for valves and fittings can be taken as: 
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Pair of mating flanges - 0.5 m 
Line size valve - 1.0 m 
 
As prefabricated insulating covers for flanged joints and valves are now more widely 
available the loss by keeping these parts un-insulated for maintenance point of view 
can be avoided. These are usually provided with fasteners so that they can readily 

be detached to provide access for maintenance purposes. 

The CP-EE (Cleaner Production Energy Efficiency) guidelines also offer a simple 
calculation to work out surface heat loss through bare pipe as given below.  
This can be used for surface temperatures up to 200 °C. Factors such as wind 

velocity or conductivity of insulating material have not been considered. 

S = [10 + (Ts – Ta) / 20] x (Ts – Ta) 

Where, S = Surface heat loss (kcal/hr/m2) 
           Ts = Hot surface temperature (°C) 
           Ta = Ambient temperature (°C) 

Total heat loss/hr (Hs) = S x A 
Where A is the surface area in m2 
Based on the cost of heat energy, the value of annual heat loss in Rupees can be 

worked out as follows: 
Equivalent fuel loss (Hf)(kg/yr) = (Hs x hours of operation per year)/ GCV x ηb 
Annual heat loss in monetary terms = Hf x Fuel cost (Rs./kg) 
Where: 
GCV = Gross calorific value of fuel (kcal/kg) 
ηb = Boiler efficiency  

 
Types and forms of insulation material 
Thermal insulation materials can be divided into four types: granular, fibrous, 
cellular and reflective. The effectiveness of most insulation materials depends on 

minute air cells which are held in a matrix of inert material such as mineral wool, 
fibreglass or calcium silicate. Most installations use aluminium clad fibreglass, 
aluminium clad mineral wool and calcium silicate. It is important that insulating 
material is not crushed or allowed to waterlog. Adequate mechanical protection and 
waterproofing are essential, especially in outdoor locations. Typical thermal 
insulation materials for use in the 50–1 000 °C temperature range are given in Table 

below by CP-EE. 
 

Section 
no. 

Insulation  Type Density 
(kg/m3) 

Approx. limiting 
temperature 
(°C) 

1 Cellular glass Cellular 150 450 

2 Glass fibre Fibrous 10–150 550 

3 Rockwool and 
Slagwool 

Fibrous 20–250 850 

4 Calcium silicate Granular 200–260 850 

5 Magnesia Granular 200 300 

6 Diatomaceous Granular 250–500 1000 

7 Silica Fibrous 50–150 1000 

8 Alumino silicate Fibrous 50–250 1200 

9 Alumino silicate Granular 500–800 1200 

10 Aluminium Reflective 10–30 500 

11 Stainless steel Reflective 300–600 800 

12 Vermiculite Granular 50–500 1100 

 

Effect of moisture 
Insulation that depends on air-filled voids to function effectively must be kept dry. 
Exposure to moisture causes the displacement of insulating air by heat-conducting 
water. Waterlogged insulation transfers heat 15-20 times faster than dry 
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insulation! Protecting insulation from moisture/water ingress is just as important as 
selecting the most effective type of insulation and installing an economic thickness. 
The practical requirement, then, is to make waterproofing an integral part of any 
insulating job. 

• Install adequate, leak-proof vapour barriers on the interior (warm) side of 
walls, ceilings or floors.  

• Weatherproof exterior walls by cladding or other treatment that prevents 

water infiltration.  
 
• Maintain the integrity of water-impervious roof membrane by regular 

inspection and maintenance.  
• Cover insulated pipes with suitable cladding (whether for indoor or outdoor 

applications) with sealed joints, and maintain its integrity by inspection and 
prompt repair of damaged sections.  

• For high-temperature applications, choose a vapour-permeable covering that 
will allow moisture to pass outward.  

Table below provided by CP-EE can be used as a guide for insulation schemes for 
steam and condensate lines, and for hot surfaces. 

Pipe diameter Temperature 

25 mm 50 mm 75 mm 100 mm 150 mm 

Flat 

surface
s 

Less than 100 
°C 

25 mm 
 

25 mm 
 

50 mm 
 

50 mm 
 

65 mm 
 

50 mm 
 

100–150 °C 25 mm 

 

25 mm 

 

50 mm 

 

50 mm 

 

65 mm 

 

75 mm 

 

150–200 °C 25 mm 

 

40 mm 

 

50 mm 

 

65 mm 

 

75 mm 

 

90 mm 

 

200–250 °C 25 mm 
 

50 mm 
 

50 mm 
 

65 mm 
 

75 mm 
 

90 mm 
 

250–300 °C 25 mm 
 

50 mm 
 

50 mm 
 

75 mm 
 

90 mm 
 

100 mm 
 

 
Pipe redundancy: 

Redundant steam pipes serve little or no purpose, yet they are at the same 
temperature as the rest of the system and so the heat loss per length of pipe 
remains the same. Moreover, the redundant pipes receive scant maintenance of 
insulation, leaks and steam traps. In addition, the heat losses from the extra piping 
add to the space heat load of the facility and thus to the ventilation and air-
conditioning requirements. 

In any review and rationalization of the steam and condensate network, the first 
step should be to eliminate redundant pipework. It is estimated that in older 
facilities it is possible to reduce the length of piping by 10 to 15 percent. Redundant 

pipework wastes energy. 

 
Pipeline sizing:  
The objective of the steam distribution system is to supply steam at the correct 
pressure to the point of use. It follows; therefore, that pressure drop through the 
distribution system is an important feature. 
 

Liquids 
D’Arcy Thompson observed on Bernoulli’s Theorem that for fluid flow to occur, there 
must be more energy at Point 1 than Point 2 to overcome frictional resistance 

between the pipe and the flowing fluid as shown in the figure below. 
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Bernoulli relates changes in the total energy of a flowing fluid to energy dissipation 
expressed either in terms of a head loss hf (m) or specific energy loss g hf (J/kg). 
This, in itself, is not very useful without being able to predict the pressure losses 

that will occur in particular circumstances. 
Here, one of the most important mechanisms of energy dissipation within a flowing 
fluid is introduced, that is, the loss in total mechanical energy due to friction at the 

wall of a uniform pipe carrying a steady flow of fluid. 
The loss in the total energy of fluid flowing through a circular pipe must depend on: 

L = The length of the pipe (m) 

D = The pipe diameter (m) 

u = The mean velocity of the fluid flow (m/s) 

µ = The dynamic viscosity of the fluid (kg/m s=Pa s) 

ρ = The fluid density (kg/m3) 

ks = The roughness of the pipe wall* (m) 

*Since the energy dissipation is associated with shear stress at the pipe wall, the 
nature of the wall surface will be influential, as a smooth surface will interact with 
the fluid in a different way than a rough surface. 

All these variables are brought together in the D’Arcy-Weisbach equation (often 
referred to as the D’Arcy equation). This equation also introduces a dimensionless 

term referred to as the friction factor, which relates the absolute pipe roughness to 
the density, velocity and viscosity of the fluid and the pipe diameter. 

The term that relates fluid density, velocity and viscosity and the pipe diameter is 

called the Reynolds number, named after Osborne Reynolds. 
The D’Arcy equation states that: 

 hf = 4fLu
2/ 2gD 

Where: 

hf = Head loss to friction (m) 

f = Friction factor (dimensionless) 

L = Length 

u = Flow velocity (m/s) 

g = Gravitational constant (9.81 m/s2) 

D = Pipe diameter (m) 

It may be noted that the D’Arcy equation in a slightly different form, as shown in 

Equation hf = fLu
2/ 2gD (which is familiar to many), is similar to the earlier 

Equation but does not contain the constant 4. 

The reason for the difference is the type of friction factor used. It is essential that 
the right version of the D’Arcy equation be used with the selected friction factor. 
Matching the wrong equation to the wrong friction factor will result in a 400% error 

and it is therefore important that the correct combination of equation and friction 
factor is utilized.  
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Steam 
Oversized pipe work means: 

� Pipes, valves, fittings, etc. will be more expensive than necessary. 
� Higher installation costs will be incurred, including support work, insulation, 

etc. 
� For steam pipes a greater volume of condensate will be formed due to the 

greater heat loss. This, in turn, means that either: 
� More steam trapping is required, or 

� Wet steam is delivered to the point of use. 
 
Undersized pipe work means: 

� A lower pressure may only be available at the point of use. This may hinder 
equipment performance due to only lower pressure steam being available. 

� There is a risk of steam starvation. 

� There is a greater risk of erosion, water hammer and noise due to the inherent 
increase in steam velocity. 

As previously mentioned, the friction factor (f) can be difficult to determine, and the 

calculation itself is time consuming especially for turbulent steam flow. As a result, 
there are numerous graphs, tables and slide rules available for relating steam pipe 
sizes to flow rates and pressure drops.  
 
The pipeline should be slightly oversized. Sizing of the steam pipelines is done by 
two methods. 

 
� Press drop method: The main headers are to be designed by press drop 

method 

� Velocity method:     The branch lines are to be designed by velocity method 
 
Pressure drop method 

The header acts as a reservoir and caters to the fluctuation in loads. As pressure to 
the user point is crucial, the header is designed by pressure factor method. 
 

 
                          P1 1.9375 – P2 1.9375                                               Q 1.853  

                     ----------------------------------          = 0.00012 x   -------------- 
                                  L                                                                    d 4.987 
 

Where,  P1  – Initial pressure at the beginning of a run of pipe in KPa 
                    P2  – Final pressure at the end of a run of pipe in KPa 

L   – Equivalent length (ft) of pipe after the resistance of fittings has 
been taken into account 
d   – Diameter of Pipe in mm 

  Q   – Flow rate of Steam in Kg/sec 

 
By knowing the steam flow rate and matching the factor with it, gives the diameter 
of pipe.  

 
Velocity method 
These are to be designed by velocity method. 
The general velocities are: 
Superheated Steam - 40-60 m/s 
Saturated steam - 30-40 m/s 

Wet steam  - 20-30 m/s 
               
       1.128 x (Q x Vs) 0.5 

Pipe diameter  = ------------------------        
V 
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Q – Flow rate, kg/s 
Vs– Specific volume at that pressure, m3/kg 
V  – recommended velocity, m/s 
 
By using Table below as a guide, it is also possible to select pipe sizes from known 
data; steam pressure, velocity and flow rate. 

 
 

 

Saturated steam pipeline capacities in kg/h for different velocities 
(Schedule 40 pipe) 

Alternatively the pipe size can be calculated arithmetically. The following information 
is required, and the procedure used for the calculation is outlined below. 
Information required to calculate the required pipe size: 

u = Flow velocity (m/s) 
vg = Specific volume (m³/kg) 
ms = Mass flowrate (kg/s) 

V= Volumetric flowrate (m³/s) = ms x vg 
 
From this information, the cross sectional area (A) of the pipe can be calculated: 
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Rearranging the formula to give the diameter of the pipe (D) in metres: 

 
Example: 

A process requires 5 000 kg/h of dry saturated steam at 7 bar g. For the 
flow velocity not to exceed 25 m/s, determine the pipe size. 
 

Where 

 

Therefore, using: 

 

Since the steam velocity must not exceed 25 m/s, the pipe size must be at least 130 
mm; the nearest commercially available size, 150 mm, would be selected. 
 

Sizing pipes for superheated steam duty 
Superheated steam can be considered as a dry gas and therefore carries no 
moisture. Consequently there is no chance of pipe erosion due to suspended water 

droplets, and steam velocities can be as high as 50 to 70 m/s if the pressure drop 
permits this.  
 
Slope of Pipeline 
Slope should be provided to the lines so as for proper removal of condensate. The 
slope should be1 inch in 20 feet in direction of flow of steam. 
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Pipe sizing for PRV upstream and down stream should be done properly. Down 
stream pipeline should be larger than the upstream line. 
 
Pipe support and spacing 
The frequency of pipe supports will vary according to the bore of the pipe; the actual 
pipe material (i.e. steel or copper); and whether the pipe is horizontal or vertical. 

 
Some practical points worthy of consideration are as follows: 
 

� Pipe supports should be provided at intervals not greater than shown in the 
following table, and run along those parts of buildings and structures where 
appropriate supports may be mounted.  

� Where two or more pipes are supported on a common bracket, the spacing 
between the supports should be that for the smallest pipe.  

� When an appreciable movement will occur, i.e. where straight pipes are 

greater than 15 metres in length, the supports should be of the roller type as 
outlined previously.  

� Vertical pipes should be adequately supported at the base, to withstand the 

total weight of the vertical pipe and the fluid within it. Branches from vertical 
pipes must not be used as a means of support for the pipe, because this will 
place undue strain upon the tee joint.  

� All pipe supports should be specifically designed to suit the outside diameter 
of the pipe concerned. The use of oversized pipe brackets is not good 
practice. 

Thermal Expansion 
 
All pipes will be installed at ambient temperature. Pipes carrying hot fluids such as 

water or steam operate at higher temperatures. They expand, especially in length, 
with an increase from ambient to working temperatures. This will create stress upon 
certain areas within the distribution system, such as pipe joints, which, in the 
extreme, could fracture. The amount of the expansion is calculated using the 
following equation. 
 

  
 
Where: 
L = Length of pipe between anchors (m) 

DT = Temperature difference between ambient temperature and operating 
temperatures (°C) 
α = Expansion coefficient (mm/m °C) x 10-3 

 
Value of α for different materials and temperatures is given below. 

  
 
A 30 m length of carbon steel pipe is to be used to transport steam at 4 bar g 
(152°C). If the pipe is installed at 10°C, let us determine the expansion. 
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The expansion fitting is one method of accommodating expansion. These fittings are 
placed within a line, and are designed to accommodate the expansion, without the 
total length of the line changing. They are commonly called expansion bellows, due 

to the bellows construction of the expansion sleeve. 
Other expansion fittings can be made from the pipework itself. This can be a 
cheaper way to solve the problem, but more space is needed to accommodate the 

pipe. 
 
Full loop 

This is simply one complete turn of the pipe and, on steam pipework, should 
preferably be fitted in a horizontal rather than a vertical position to prevent 
condensate accumulating on the upstream side. 
The downstream side passes below the upstream side and great care must be taken 
that it is not fitted the wrong way round, as condensate can accumulate in the 
bottom. When full loops are to be fitted in a confined space, care must be taken to 

specify that wrong-handed loops are not supplied. 
The full loop does not produce a force in opposition to the expanding pipework as in 
some other types, but with steam pressure inside the loop, there is a slight tendency 

to unwind, which puts an additional stress on the flanges. 

 
This design is used rarely today due to the space taken up by the pipework, and 
proprietary expansion bellows are now more readily available. However large steam 
users such as power stations or establishments with large outside distribution 
systems still tend to use full loop type expansion devices, as space is usually 

available and the cost is relatively low. 
 
Horseshoe loop 

When space is available this type is sometimes used. It is best fitted horizontally so 
that the loop and the main are on the same plane. Pressure does not tend to blow 

the ends of the loop apart, but there is a very slight straightening out effect. This is 
due to the design but causes no misalignment of the flanges.  
If any of these arrangements are fitted with the loop vertically above the pipe then a 

drain point must be provided on the upstream side as depicted in Figure below. 
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Heat loss in condensate: 
Steam is used very extensively as a heating medium in various types of plants—
efficient use of steam is therefore the key to energy conservation. The heat energy 
contained in steam consists of sensible heat and latent heat, the latter only being 
used in most types of steam-using equipment. When steam gives off its latent heat, 
it condenses back to water at the saturation point. The sensible heat contained in 

the condensate amounts to as much as 20–30 per cent of the total heat of the 
steam 
To maintain maximum efficiency of steam equipment, condensate forming in the 

equipment should be discharged via steam traps as quickly as possible. In other 
words, the higher the temperature of discharged condensate, the higher the 
efficiency of the equipment, results in the most efficient use of steam. 

A useful thumb rule is that “every 6°c increase in boiler feed water 
temperature can save 1 per cent boiler fuel”. 

Sizing the condensate return line 
Table M.17 and Figure M.12 by CP-EE guideline can be used to size the condensate 
return line, as explained below. 

Table M.17: Sizing the condensate return line 

Pipe size (mm) Maximum capacity – 
starting load (kg/hr) 

 

15 160 

20 370 

25 700 

32 1500 

40 2300 

50 4500 

65 8000 

80 14000 

100 29000 

 
From Table M.17, it is now possible to determine size, as indicated in Figure M.12 

below. 
 
Figure M.12 Example of condensate return line sizing 

 
 

Table M.17 can now be used to determine the sizes as follows: 
• A to B carries 900 kg/hr—size required is therefore 32 mm. 

• B to C carries 1 120 kg/hr—size required is therefore 32 mm. 
• C to D carries 1 620 kg/hr—size required is therefore 40 mm. 
• D to E carries 2 420 kg/hr—size required is therefore 50 mm. 

 
Factors to be considered in incorporating a condensate recovery system 
 

� A high condensate temperature necessitates a review of the available net 
positive suction head, to avoid vapour locking and cavitation problems of feed 
water pumps. Table M.18 from CP-EE provides guidelines. 

 



 
India Boiler dot Com 

Steam Distribution 

 104 

Feed water temperature 
(°C) 

Suction feed (m) 
 

86 1.5 

90 2.1 

95 3.5 

100 5.2 

 
� In cases where increased feed water temperature gives rise to steaming 

problems, as in economizers, some of the return condensate can be diverted 

for process applications. 
� Overflowing of condensate in collection tanks is a common occurrence. This 

should be avoided by use of a simple control system with float switch. 

� Thermal insulation is often ignored for condensate recovery. It is worthwhile 
insulating condensate lines to save heat. 

 

Steam trap losses 
Steam traps are key components of an efficient steam and condensate system. 
Steam generated by boilers is used in equipment and processes where it gives up its 
heat and condenses back to water (condensate). Efficient removal of the condensate 

from systems is one of the most important aspects of energy conservation. 
Removing condensate efficiently helps to minimize energy consumption and 
maximize productivity. 

 
Functions of steam traps 
Steam traps have three important functions: 

� discharge condensate as soon as it is formed; 
� prevent steam from escaping; and 
� discharge air and other non-condensable gases. 

 
Types of steam traps 
Table below shows different types of steam traps and their principles of operation. 
 

Group  Principle of 
operation  

Subgroup 

Mechanical trap 
 

Difference in density 
between steam and 

condensate 
 

Bucket type 
• open bucket 

• inverted bucket, 
with/without lever 
• float type 

• float with lever 
• free float 
 

Thermodynamic trap 
 

Difference in 
thermodynamic 

properties of steam 
and condensate 
 

Disc type 
Orifice type 

 

Thermostatic trap 
 

Difference in 
temperature between 
steam and condensate 

 

Bimetallic type 
Metal expansion type 
 

 

Factors affecting steam trap selection 
Guidelines for steam trap selection are shown in Table below. Factors affecting their 
selection are: 
� Maximum and minimum working pressure 
� Maximum and minimum pressure differentials 

� Maximum working temperature 
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� Quantity of condensate to be discharged 
� Size 
� Connection type 
� Type of steam trap 
� Equipment to which trap is fitted 

 

Guidelines for steam trap selection 

Application  
 

Feature  Suitable trap 

Steam mains 
 

• Open to atmosphere, small 
capacity 

• Frequent change in pressure 
• Low pressure–high pressure 
 

Thermodynamic 
type 
 

• Equipment 
• Re-boiler 
• Heater 
• Dryer 
• Heat exchanger 
etc. 

• Large capacity 
• Variation in pressure and 
temperature is undesirable 

• Efficiency of the equipment is 
a problem 

 

Mechanical trap, 
bucket, inverted 
bucket, float 
 

• Tracer line 
• Instrumentation 

 

Reliability with no over-heating 
 

Thermodynamic 
and bimetallic 

 

Energy Loss through traps: 
As defective traps are difficult to detect, they are also among the chief causes of 
energy loss. Energy losses from steam traps occur for several reasons: 

• the trap fails in the open position and permits live steam to escape;  
• the wrong type or size of trap is installed;  
• the trap is installed in the wrong place; and  
• the method used to install the trap was faulty.  

 
The following are therefore important: 

• Periodic inspection of steam traps 
• Replacement of failed steam traps with new ones 

 

Another area of major heat loss in the steam distribution system is steam leak. 
Passing valves, faulty steam traps are primarily responsible for steam leak. 
Steam loss through an orifice can be estimated using a variant of the Napier formula.    

                                 Steam Flow (kg/hr) W = 11x Pa x D² 

[Where Pa is Absolute Pressure, kg/cm
2 and D is diameter of Orifice in cm  ] 

 
Formula for daily Fuel Cost per Trap - Using Cost of Natural Gas for steam raising 
per million BTU: 
                                 Q = L x 24 x hfg x 3.969 x 10

-6 x C / BE 
where: Q = Energy Lost per day in Rupees 

L = kg/Hr of steam lost  
hfg = Latent heat of steam  
3.969 x 10-6 = mBtu/kcal 
C = Cost of gas per million Btu  
BE = Boiler Efficiency  
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Heat Transfer Effects 
 
Consider a steam to water heat exchanger where the air film, condensate film and 
scale on the steam side is 0.2 mm thick; on the water side, the water and scale films 
are 0.05 mm and 0.1 mm thick respectively.  

 

The thickness of the steel walled heating surface is 6 mm. 

  
 
 
1. Calculate the overall U value (U1)  

 
x and k are the thickness in m and thermal conductivity of each layer respectively 
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2. Remove the air and the condensate from the steam supply 

Now consider the same heat exchanger where the air and condensate have been 
removed by a separator in the steam supply.  

Calculate U2 

 
 

It can be seen from U2 that by fitting a separator in the steam supply to this heat 
exchanger, and assuming that all air and condensate has been removed from the 
steam, the thermal transmittance is more than 11 times greater than the original 

value. 

3. Remove the scale on the steam and water sides 

Now consider reducing the scale on the steam side by fitting a strainer in the steam 
line, and reducing the scale on the water side by operating at a lower steam 

pressure.  

 
The thermal transmittance has increased another fourfold by eradicating the scale. 

4. Revert to the original conditions but change from steel tube to copper 

tube of the same thickness. 

 
The resistance of the barriers including copper tube  

 
 

It can be seen that the greater conductivity offered by the copper over the steel has 
made very little difference to the overall thermal transmittance of the heat 
exchanger, due to the dominating effect of the air and other fouling factors. 

 
Please note that, in practice, other factors will influence the overall U value, such as 
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the velocities of the steam and water passing through the heat exchanger tubes or 
plates, and the combination of heat transfer by convection and radiation. 

Also, it is unlikely that the fitting of a separator and strainer will completely 
eradicate the presence of air, wet steam, and scale from inside a heat exchanger. 

The above calculations are only being shown to highlight the effects of these on heat 
transfer.  

Air venting: 

When steam is first admitted to a pipe after a period of shutdown, the pipe is full of 
air. Further amounts of air and other non-condensable gases will enter with the 
steam, although the proportions of these gases are normally very small compared 

with the steam. When the steam condenses, these gases will accumulate in pipes 
and heat exchangers. Precautions should be taken to discharge them. The 
consequence of not removing air is a lengthy warming up period, and a reduction in 
plant efficiency and process performance. 
 

Air in a steam system will also affect the system temperature. Air will exert its own 
pressure within the system, and will be added to the pressure of the steam to give a 
total pressure. Therefore, the actual steam pressure and temperature of the 
steam/air mixture will be lower than that suggested by a pressure gauge. 
 
For example, dry saturated steam at 40 psi will have a temperature of 287 °C. If 

there is 90 per cent steam and 10 per cent air, the temperature will be only 280 °C. 
With 25 per cent air the temperature would drop to 270 °C. In all of these cases the 
pressure gauge would remain at 40 psi. 

 
Of more importance is the effect air has upon heat transfer. In relative terms, the 
thermal conductivity of air is 0.2 compared to 5 for water, 340 for iron and 2620 for 

copper. Which means that a film of air only one 1/1000 inch (0.025 mm) thick will 
offer the same resistance to heat flow as a wall of copper 13 inches (32.5 cm) thick. 
 

 


