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Abstract 
On board the vessels of Holland America Line a lot of attention is drawn to prevent the loss of 

energy. On board energy is produced in several ways by fuel. Therefor fuel is the biggest expense of a 

cruise ship. On board steam is used for heating purposes. The type of steam used for these heating 

purposes is saturated steam. To create the saturated steam a steam system is used that consumes 

fuel. This steam system can have energy losses, noticeable and unnoticeable. If the steam system has 

steam leaks this will result in a bigger expense on fuel.  

Steam traps are an important part of the steam system. The function of a steam trap is to separate 

the condensate from the steam. Steam traps can leak steam unnoticed, if a steam trap leaks the 

boiler will have to produce more steam, this will result in higher fuel costs.  

The goal of this research was to determine the condition of the steam traps by applying condition 

based maintenance on steam traps. The condition based monitoring methods used in this research 

were thermal imaging and ultrasound. The thermal image camera used was a FLIR E4, the ultrasound 

measuring tool was an Ultraprobe 15000.  

Each steam trap was judged on the condensate outlet temperature, the working principle of the trap 

itself, and the decibel value of the ultrasound. If the temperature of the condensate was above 100 

degrees Celsius this indicated steam. If the working principle of the trap was too fast, or the decibel 

value was above 40 this also indicated steam leakage though the trap.  

An excel sheet which includes the 76 thermal measurements and the ultrasound measurements was 

created. Conclusions of the state of the steam trap according to the thermal image and ultrasound 

were made. A main conclusion was drawn by combining these to two conclusions.  

Once the condition of the steam traps were determined the average steam loss was determined by 

using steam loss tables of Spirax Sarco and UE systems. The total amount of steam lost due to the 

leaking steam traps was 557,5 kg/hour according to Spirax Sarco, according to UE systems the 

amount of steam lost due to leaking traps was 1305 kg/hour. These steam losses are subjective, as 

the load in the steam system is not consistent. 

The price of on ton steam was calculated. The price of one ton steam generated by the aft boiler on 

the MV Zuiderdam was 14,11 euro when running on MDO, running on HFO the price of one ton 

steam was determined on 9,24 euro. 

The yearly expenses caused by leaking steam traps were achieved by assuming that the MV 

Zuiderdam has 250 port days in 2016, and the load configuration stays consistent during this period.  

The total yearly expenses caused by leaking steam traps according to Spirax Sarco are 19662 euro’s 

when running on MDO, and 12882 euro’s when running on HFO. This resulted in an efficiency loss in 

the steam system of 11,9% on MDO and 12,2% on HFO.  

According to UE systems the extra expenses caused by leaking steam traps were 47082 euro’s while 

running on MDO, and 30847 euro’s while running on HFO. This resulted in an efficiency loss in the 

steam system of 28,5% on MDO, and 29,1% on HFO.   

It must be stated that the fuel prices are low at this moment. In 2013 the fuel prices were almost 

four times as high, this will make the expenses caused by leaking steam traps four times as high.  
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1. Introduction 
The Holland America Line is recognized worldwide as one of the biggest cruise ship lines in the cruise 

ship sector. The Holland America line fleet consists of fifteen vessels, offers 500 cruises around 415 

ports in 98 countries in the world. (Holland America Line, 2015) 

On board the vessels of Holland America Line a lot of attention is drawn to prevent the loss of 

energy. On board energy is produced in several ways by fuel. Therefor fuel is the biggest expense of a 

cruise ship. 

On board steam is used for several heating purposes. The type of steam used for these heating 

purposes is saturated steam. To create the saturated steam a steam system is used that consumes 

fuel. This steam system can have energy losses, noticeable and unnoticeable. If the steam system has 

leaks this will result in a bigger expense on fuel.  

Steam traps are an important part of the steam system. The function of a steam trap is to separate 

the condensate from the steam. Steam traps can leak steam unnoticed, if a steam trap leaks the 

boiler will have to produce more steam, this will result in higher fuel costs.  

On board steam traps are not always monitored, a method to monitor steam traps while the steam 

system is operational is desired. 

The goal of this thesis is to gather information with applied research that can lead to the solution of 

the unnoticeable leakages of steam traps in the steam system.  

This thesis consists of several chapters. The second chapter, the theoretical framework, consists of 

literature that is required to start this research.  

The third chapter, the research design, describes the method that was used to achieve the results in 

this research project. 

The results are given in chapter four. In the fifth chapter there is a discussion about the results, and 

in chapter six the conclusions are drawn and the recommendations are made.  

For this research a main question is drafted, this main question is as follows: 

‘’How much can the efficiency of the steam system on board the MV Zuiderdam be improved, by 

performing condition based maintenance on steam traps?’’ 

To answer this main question three sub question are drafted: 

1. What are the conditions of the steam traps that are in use? 

2. How much steam is lost due to the leaking steam traps? 

3. What are the costs of the measured leaking steam traps? 
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2. Theoretical framework 
In this chapter, the theoretical framework, existing literature is gathered to acquire background 

information needed for this research. The literature is required to answer the sub questions and 

eventually the main question of this research. This literature is gathered from databanks, internet 

and books. The literature is tested by the APA reference list.  

2.1 The steam system 
A steam system operates on a simple principle. In the boiler water is boiled under a certain pressure 

and temperature to create saturated steam. This steam is collected in the boiler, from there on it is 

transferred to heat exchangers. The heat exchanger makes the steam to condensate, when steam 

condensates heat of formation is created, this is used for heating purposes. Heat exchangers can 

work on different steam pressures. Therefor a pressure reduction valve can be placed in front of a 

heat exchanger. Not all steam will condensate in the heat exchanger, some steam will pass through 

to the condensate line. To ‘’trap’’ this steam a steam trap is placed on the condensate line of a heat 

exchanger. The used condensate then returns to a condensate tank, a hotwell. This principle is 

displayed in figure two. The complete steam system can be found at (S van Hees, Bureau Veritas, 

2006) 

 

Figure 2 Schematic view of the steam systems principle - retrieved from (Wadeindustrial, 2011) 

The boiler is an important part of the steam system, the fuel is burnt and the expenses are made 

here. The boiler should produce as much steam as possible under a certain pressure and 

temperature. (S van Hees, Bureau Veritas, 2006) 

2.2 The energy losses in a steam system 
No steam system is perfect, every steam system has its own energy losses, these can be noticeable or 

can go by unnoticed. Noticeable losses are losses which are accepted, for example a dryer that works 

on steam. Unnoticeable losses are a bigger problem. There are three main components that can lose 

energy unnoticeable in a steam system. These are: 

1. Isolation losses 

2. Steam valves 

3. Steam traps 
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2.2.1 Isolation losses 
A steam system is hot and therefor creates a lot radiant heat, radiant heat can be seen as an 

unwanted heat exchanger. To reduce the heat radiation the entire steam system is isolated. Isolation 

losses occur when isolation is removed and not put back in place, or if parts of the steam system are 

not isolated in the first place. Some examples where isolation losses occur are pressure reduction 

valves and expansion pipes. (Bain Bannon, BNP Media, 2013) 

2.2.2 Steam valves 
Valves are placed in each system in which mediums are transported. In steam systems steam valves 

are placed. In case a steam valve leaks this will result in higher fuel expenses.  

2.2.3 Steam traps 
45% of the burnt fuel in America is used for the production of steam. The biggest expenses in a 

steam system are leakages that go by unnoticed. These leakages mainly occur in steam traps. Incase 

steam traps fail this will result in a higher production of steam, efficiency loss and higher production 

costs. Steam traps therefor should be monitored regularly.  

Several studies conclude that a lack of maintenance at steam traps can result in large energy losses, 

for instance, if a steam trap has a orifice of 3 mm and the steam pressure is 3,5 bar, the average 

steam loss is 13 kg of steam an hour. If the plant runs 24 hours a day, 50 weeks a year this will result 

in 1302 euro a year. This in only for one steam trap, a steam system can consist of hundreds of steam 

traps. In case the steam system consists of 100 traps, and 25% of the traps fail, this will result in 

32000 euro of steam losses caused by steam traps. (Alan S Bandes, UE Systems, 2003) (Bruce 

Gorelick, Enercheck systems; Alan bandes, UE systems, 2010) 

To give a clear picture on how these values are met a calculation to calculate the steam production 

can be calculated with the following formula: 

 

There are several steam traps, each with a different working principle but with the same function.  

The amount of tons steam that were generated can be divided by the fuel costs. This will give the 

price of one ton steam. The details of the calculations can be found at (S. van Hees, 2006). 

The function of a steam trap is to remove condensate and other non-compressible gasses from the 

steam. (Gielessen BV, 2012) (Blok Gouda, 2014) 

Steam traps can work on three different working principles, namely: 

1. Thermostatic steam traps, work on the temperature difference of the liquid; 

2. Thermodynamic steam traps, work on the dynamic difference of the liquid; 

3. Mechanical steam traps, work on the difference in density of the liquid. 

These different working principles know their own steam traps. Some examples of steam traps are: 

 Ball float steam traps; 

 Inverted bucket steam traps; 

 Membrane steam traps; 

 Bimetal steam traps; 

 Venturi steam traps; 

 Impulse and labyrinth steam traps. 

 

The working principles of these traps are explained in appendix one.  

𝑆𝑡𝑒𝑎𝑚 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (
𝑘𝑔

ℎ𝑜𝑢𝑟
) =

𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑓𝑢𝑒𝑙 (
𝑘𝑔
ℎ𝑜𝑢𝑟

) ∗ 𝐵𝑜𝑖𝑙𝑒𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 ∗ 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 (
𝐾𝐽
𝐾𝑔

)

𝐻𝑒𝑎𝑡 𝑜𝑓 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (
𝐾𝑗
𝐾𝑔𝐾

)
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2.3 The fail modes of steam traps 
Each steam trap has its own fail modes, in this paragraph the fail modes of the different steam traps 

will be documented.  

Ball float steam traps often leak around the outlet valve. The outlet valve is connected to the arm 

which is connected to the floater inside the trap. The outlet valve can leak because the mechanism 

can fail or the outlet valve is unable to close due to wear and dirt. If the ball float trap is equipped 

with air vent and this air vent fails, this also can result in steam leakages. In case the air vent fails air 

will flow inside the ball float trap. This air will make the steam trap fail in an open position, the 

position where steam can flow straight though the steam trap. (Spirax Sarco mechanical steam traps, 

2015) (Joe Radle, Spirax Sanco, 2007) 

Inverted bucket traps fail in open position, this can have three different causes, namely: 

1. The inverted bucket trap loses its water seal, this can happen duo to wear inside the 

bucket;  

2. Sudden changes in pressure; 

3. In case the inverted bucket trap is installed incorrectly or has an overcapacity.  

 

Inverted bucket traps don’t get dirty easily, this is because the outlet valve is positioned at the top of 

the trap. (Joe Radle, Spirax Sanco, 2007) 

Bimetal steam traps fail duo to leakages at the outlet valve. This is caused by the wear of the thread 

that connects the bimetal plates together. The steam trap can also fail in a closed position, this 

happens when the bimetal plates get dirty. Bimetal steam traps therefor are sensitive for dirt. (Joe 

Radle, Spirax Sanco, 2007) 

Thermodynamic steam traps can fail because of wear on the disc inside the housing of the trap. 

Thermodynamic traps have opening and closing cycles, if the disc gets dirty the cycle will speed up. If 

the trap does not get overhauled the trap will eventually fail in an open position. The steam trap can 

also fail in an open position if the trap gets dirty, this is unlikely, because a small pressure wave is 

created each time the trap opens, this way the trap cleans itself.  (Joe Radle, Spirax Sanco, 2007) 

Membrane steam traps fail duo to leakages at the outlet valve next to the membrane. In case the 

membrane gets damaged or if the membrane loses its fluid the steam trap will fail in an open 

position. The membrane can lose its fluid duo to water hammer in the steam system. The steam trap 

can fail in a closed condition if the trap gets into contact with overheated steam.  (Joe Radle, Spirax 

Sanco, 2007) 

Impulse and labyrinth steam traps are sensitive for dirt, this can make the traps fail in a closed 

position.  

The most common steam traps found on ships are ball float, thermodynamic and thermostatic traps.  

According to David Gustafson, there are two main reasons why a steam trap can fail. The first reason 

is the dirt that gets trapped inside the steam trap, the dirt can cause a steam trap to leak. The second 

reason are the high peak pressures that occur inside steam traps. The high peak pressures can cause 

internal damage. A steam trap can fail in an open or closed condition. (David Gufstafson, Emerson 

Process management, 2015) 

In case a steam trap fails in an open position the steam trap will leak saturated steam to the 

condensate return line. This results in a loss of steam, which will increase the fuel expenses duo to 
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the higher demand of steam. (TLV, Steam Theory, waterhammer, 2016) (David Gufstafson, Emerson 

Process management, 2015) 

In case a steam trap fails in a closed position or gets clogged by dirt the condensate will gather in 

front of the steam trap and in the heat exchangers. This condensate can cause several problems, 

namely: 

1. Water hammer; 

2. The thermodynamic efficiency drops; 

3. Unwanted penetrated water.  

2.3.1 Water hammer 
Water hammer can be created in two different ways. The first way water hammer is created is due to 

a high velocity of steam passing through a bend in a pipeline. When steam passes at a high velocity 

through steam pipe corners condensation can occur. The steam then pushes the condensate through 

the pipe until the condensate can’t go further and gathers, for example at a valve. After some time a 

large amount of condensate is gathered at the valve and the steam can’t pass through the valve 

freely anymore. The pressure in the pipeline will increase, in case this pressure gets too high the 

pipeline can rupture. (David Gufstafson, Emerson Process management, 2015) (TLV, Steam Theory, 

waterhammer, 2016) 

The second reason water hammer can occur is when steam finds its way to cold condensate. The 

specific volume of steam is more than 1000 times the specific volume of that of water. When the 

steam reaches the cold condensate some steam will condensate to increase the temperature of the 

cold condensate. This will create a vacuum. This vacuum is then filled with the condensate. Due to 

the vacuum the condensate will create a high velocity and will slam against the pipeline. This is 

hearable and immediate action should be taken when hearing water hammer. If water hammer is 

not treated the pipeline can rupture. (David Gufstafson, Emerson Process management, 2015) (TLV, 

Steam Theory, waterhammer, 2016) 

The temperature therefor is an important factor for the production of water hammer. In figure three 

a test by TLV is displayed. The steam temperature was 100 degrees Celsius.  

 

Figure 3 Water hammer at different condensate temperatures - retrieved from (TLV, Steam Theory, waterhammer, 2016) 

From figure three it can be concluded that the most severe water hammer occurs when the 

condensate temperature falls 20 to 30 degrees under the steam temperature. (TLV, Steam Theory, 

waterhammer, 2016) 



Research report 
 
 

Maritime Officer 6 

2.3.2 Thermodynamic efficiency 
In case the condensate is not removed properly from the steam system the condensate will gather. 

The condensate will then flow to lower located places due to gravity, like heat exchangers. The 

unwanted water will flow back into the pipes of the heat exchangers. the condensate inside the heat 

exchanger will cause the heat exchange rate too decrease, this results in the loss of energy and will 

result in higher fuel expenses. (David Gufstafson, Emerson Process management, 2015) 

2.3.3 Unwanted penetrated water 
In overheated steam systems the condensate can emerge into the steam. Incase water is carried 

along with this steam it can cause damage to parts of the steam system, for example turbine blades 

of a steam turbine. (TLV, Steam Theory, waterhammer, 2016) (David Gufstafson, Emerson Process 

management, 2015) 

A broken steam trap can only be detected with the eye in case the trap is experiencing severe steam 

leakage. The radian heat of the trap will be so high that steam plumes occur. If the hotwell is 

steaming steam traps are passing steam as well. Note that some steam systems have condensate 

coolers in front of the hotwell. (S van Hees, Bureau Veritas, 2006) 

2.4 Condition based monitoring of steam traps 
According to Spirax Sarco the lifetime of a steam trap is seven years, on average 7,5% of the steam 

traps will fail in year number eight. Incase steam traps are not monitored this will result in energy 

losses and higher fuel expenses. Therefor it is crucial to monitor steam traps. (Joe Radle, Spirax 

Sanco, 2007) 

The definition of condition based monitoring is to acquire the state of an object without damaging it 

and the object is in service. Condition based monitoring knows many applications, each with their 

own benefits. The condition based monitoring applications usable for measuring steam traps are: 

 Visually; 

 Thermal image camera’s; 

 Ultrasound; 

 Automatic (online) status control; 

 Thermal and ultrasound combined. 

A visual check on the steam traps is quite simple. In case steam plumes are coming of the trap the 

steam trap is leaking. If not, the steam trap should be working as it should, this is a very global 

gesture. A steam trap could still be leaking steam unnoticed. (SDT Ultrasound solutions, 2010) (Joe 

Radle, Spirax Sanco, 2007) 

Thermal image cameras can detect a steam trap failed in a closed position, or a steam trap that is 

blocked. Thermal image cameras are limited in the detection of small steam leaks passing through 

the steam trap. This is due to the fact that the inlet and outlet temperature of the steam trap should 

be measured. Sometimes several steam traps connect to the same condensate retour line. This can 

create wrong conclusions. (SDT Ultrasound solutions, 2010) (Joe Radle, Spirax Sanco, 2007) 

Ultrasound measurements on steam traps can detect the condensate and steam flow through a 

steam trap. Ultrasound is especially applicable for steam traps that work on the on/of principle. 

Steam traps that provide a continuous flow of condensate are often more difficult to measure. (Joe 

Radle, Spirax Sanco, 2007) (SDT Ultrasound solutions, 2010) 

Automatic (online) status control, this is a system that digitizes the status of the steam traps. The big 

benefit of this system is that as soon as the steam traps fail, an alarm will be activated. The steam 



Research report 
 
 

Maritime Officer 7 

traps that fail can be replaced or overhauled in an early stage of failing. This system also increases 

the safety of the engineers that have to work in dangerous spaces to measure the steam traps. (Joe 

Radle, Spirax Sanco, 2007) 

Thermal images and ultrasound both have their limitations when measuring steam traps. Incase both 

inspection methods are combined this will provide an excellent and reliable inspection method. The 

thermal image camera can detect if the steam trap is in service, and can determine the inlet and 

outlet temperatures of the steam & condensate mixture passing through the steam trap. With 

ultrasound the working principle of the steam trap can be checked. (Joe Radle, Spirax Sanco, 2007) 

Thermal image cameras are easy to use. To get reliable ultrasound conclusions the inspector should 

have proper training before working with the ultrasound inspection tools.  

But when should a steam trap be measured? For preventive maintenance the steam trap should be 

checked two times a year. In case the steam process stagnates, steam plumes are created or the feed 

water temperature increases steam traps could be failing and corrective maintenance is required. (S. 

van Hees, Bureau Veritas , 2006) 

2.5 Ultrasound 
Ultrasound uses ultrasonic sound waves that vibrate. Ultrasound knows a lot of applications and is 

used in many different industries. (De consult, 2015) 

2.5.1 How does ultrasound work? 
Ultrasound uses frequency’s from 20 kHz to 100 kHz, not hearable for humans. Ultrasound is created 

via electric or magnetic fields. First the nets frequency is converted to a high frequent ultrasound 

(20-100 kHz), after this the high frequent ultrasound is converted via a converter to mechanical 

ultrasonic sound energy. The ultrasound sensor then sends this energy out of the measuring tool in a 

certain cycle. The signal that returns is converted into hearable frequency’s for humans, this process 

is called heterodyning. The sound signals can now interpreted. (Sensor.nl, Ultrasoon geluid, 2015) 

(De consult, 2015) (Peter Boon, 2016) 

2.5.2 Ultrasonic measurements in steam traps 
Ultrasonic measurements in steam traps are accurate and precise. Because of these two 

characteristics a small steam leak can already be detected with ultrasound. There are many different 

types of steam traps, all with different working principles which generate different ultrasounds, 

therefor ultrasound measurements are not easy. To achieve reliable results proper training is 

required. (de Kegel, Hans, 2015) 

Ultrasound can isolate large parts of background noises. This makes ultrasound ideal for loud 

environments, like power plants and engine rooms. The disadvantage of ultrasound measurements is 

that the temperature is not measured, and the temperature indicates if a steam trap is in use. Steam 

traps can only be measured with ultrasound when they are in use. A non-contact laser temperature 

meter can provide assistance while taking measurements with ultrasound. (Bruce Gorelick, 

Enercheck systems; Alan bandes, UE systems, 2010) 

Each steam trap has its own characteristics in the generated ultrasound. An ultrasound measurement 

therefor can vary per steam trap type. Independent of the steam trap type an ultrasound 

measurement should always be taken from the outlet side of the steam trap. (UE systems, 2014) 
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Ultrasound on ball float steam traps 

A ball float trap is seen as one of the hardest steam traps to measure with ultrasound. This is because 

the trap generates a continuous flow of condensate. If the trap is working as it should a continuous 

flow murmur should be detected, the DB value of the ultrasound should be deviating slightly. A Db 

value above 40 DB indicates the steam trap is passing steam. (Peter Boon, 2016) 

In case the steam trap fails in an open position a loud sibilant sound can be detected with a high DB 

value. This is caused by the steam passing through the trap.  

To detect if a steam trap is failed in a closed condition the inlet temperature should be measured at 

the trap. In case the inlet temperature is too low for the steam pressure the trap is failed in a closed 

position.  

The most common problem with ball float traps and also the most hard part is to determine if the 

float leaks. In case the ball float leaks steam will pass through the outlet valve, this creates 

turbulence. This turbulence can then be detected with ultrasound measurement tools. Training and 

experience is required to achieve a reliable conclusion. (Peter Boon, 2016) 

Ultrasound on inverted bucket traps 

The inverted bucket trap works on the on/off principle, this means the trap is opening to transfer 

condensate or not. Because of this working principle the inverted bucket trap is excellent for 

ultrasound measurements.  

In case the inverted bucket trap is failed in an open condition the trap will produce a continuous flow 

murmur like a ball float trap, the DB value will be high. Note that the trap works with a continuous 

condensate flow at low loads, the load therefore should be taken into account when measuring the 

trap.  

An inverted bucket trap failed in a closed condition will produce no ultrasound. When no ultrasound 

is detected a thermal image camera could provide the necessary help. (S van Hees, Bureau Veritas, 

2006) (Peter Boon, 2016) 

Ultrasound on thermostatic steam traps. (Membrane, bimetal) 

Thermostatic steam traps work on the on/off principle. The ultrasound created due to the on/off 

principle is the same as an inverted bucket. With ultrasound the trap should be heard opening and 

closing.  

If the trap is failed in an open position the working principle will not be hearable any more. Also a 

continuous condensate/steam mixture should be detected. This will result in a fluctuating high DB 

value on the ultrasound measurement tool. (S van Hees, Bureau Veritas, 2006) (Peter Boon, 2016) 

Ultrasound on thermodynamic steam traps 

Thermodynamic traps work on an on/off principle. According to UE systems a thermodynamic trap 

opens 2-10 times a minute. Spirax Sarco states that a thermodynamic trap should open no more than 

6 times a minute. The opening and closing of the thermodynamic trap can be detected with the 

ultrasound.  

In case the thermodynamic trap opens too quick steam will escape with the condensate. The same 

can be concluded if the backpressure is 70% of the steam pressure. During an ultrasound 

measurement the amount of times the thermodynamic trap opens and closes in one minute should 

be measured.   
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If a thermodynamic trap fails in a closed position there will be no ultrasound detectable. A thermal 

image camera can provide the necessary help. (Peter Boon, 2016) (S van Hees, Bureau Veritas, 2006) 

In table one all the steam trap workings principles, fail modes and expected ultrasounds are put 

together.  

Table 1 Overview to be expected ultrasound in steam traps 

Working principles, fail modes, and ultrasounds of steam traps 
 

Steam trap type Working principle Fail modes 
 

Ultrasound when 
working correctly 

Ultrasound when 
working incorrectly 

Ball float  Continuous Leakage, 
or fully 
open. 

Fluctuating Db 
value under 40. 

Float can produce 
small background 

noise. 

High sibilant noise 
producing 40 DB or 

more. The higher the 
Db the higher the 

steam leakage.  

Inverted bucket 
 

On/off  Fails open, 
or leaks 

On/off cycle 
hearable. 

Ultrasound dies 
when trap is 

closed. 

Continuous fluctuating 
sibilant noise.  Can 
produce high DB 

values.  

Thermostatic On/off or 
continuous 

depending on the 
trap.  

Fails open, 
or leaks 

On/off cycle 
hearable, 

ultrasound dies 
when trap is 

closed. 

Continuous fluctuating 
sibilant noise.  Can 
produce high DB 

values.  

Thermodynamic)  On/off Cycle to 
quick, can 
fail open. 

2-10 times a 
minute opening 

and closing of the 
trap. 

High sibilant noise 
when failed open, trap 

cycle to fast.  
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3. Research design 
In this chapter, the research design, the method used to perform this research will be described. The 

research design describes what kind of research takes place, the way the results are acquired and 

how the results will be analysed. The actions taken to achieve a valid and reliable research are 

explained as well.  

3.1 The research method 
This research is applied research. The research method used is qualitative experimental operational 

research (action research). (Baarda, 2014) 

To acquire the condition of the steam traps and to answer the sub question: ‘’ What are the 

conditions of the steam traps that are in use?’’, the steam traps will be measured with ultrasound 

combined with thermal imaging. According to the theoretical framework this is the most reliable and 

valid method. The ultrasound measuring tool used is an Ultraprobe 15000 from UE systems, the 

thermal image camera used is a FLIR E4. To be able to work with an Ultraprobe an ISO-ASNT level one 

course from UE systems was completed. 

Before the measurements can take place the steam users and the thereby steam trap locations will 

be located and documented, this is done by going through the steam system itself and its drawings.  

This process will take place in the first two months of the cadetship on board the MV Zuiderdam. 

While documenting the steam trap types and working principles are noted, this to acquire the to be 

expected ultrasound.  

The ultrasonic equipment will be delivered to the ship on may the 3rd in Rotterdam, and will be off 

loaded in Kiel on may the 15th. 

Once the equipment reaches the ship the measurements can start. Before measuring a steam trap 

with ultrasound an thermal image will be taken from the steam trap. This to acquire if the steam trap 

is in use and what the inlet and outlet temperature of the steam trap is. 

After a thermal image is taken the ultrasound measurement will take place. The ‘’structure’’ born 

inspection method will be used. The structure born method goes as follows: 

1. Before starting measurements the Ultraprobe needs to be validated. The validation test 

method is described in appendix two. 

2. Steam traps are measured at 25 kHz, adjust the frequency from the Ultraprobe and 

connect the contact module. 

3. Place the Ultraprobe at the outlet side of the steam trap. Adjust the sensitivity until the 

working principle of the steam trap is heard clearly. The DB value can now be noted.  

4. A fast Fourier transformation will be made and saved to the Ultraprobe, along with a 

normal picture of the steam trap.  

5. The Db value, picture and FFT will be saved with a certain record number. 

 

The condition of the steam trap can now be determined, and the sub question: ‘’What are the 

conditions of the steam traps that are in use?, can be answered.  

 

Only the steam traps that are in use can be measured. All the steam traps that are in use during the 

Baltic cruise will be measured. This will depend on the load of the steam system at the time itself.  

 

Once determined which steam traps leak, the amount of steam that is lost has to be acquired.  
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To answer the sub question: ‘’How much steam is lost due to the leaking steam traps?’’, steam loss 

tables are used, these can be found in appendix three. To remain objective in this research the 

average steam loss tables of Spirax Sarco and UE system are used and compared. On board the MV 

Zuiderdam Spirax Sarco manufactures the steam traps. Both Spirax Sarco and UE systems had steam 

specialists calculate the values in the steam tables. Note that these are subjective and only give an 

indication of the average steam loss.  

To acquire the average steam loss the orifice diameter and steam pressure are required. The steam 

pressures can be found on the drawings and local gages, the average orifice diameter can be found in 

appendix three, if the pipe size is measured. 

When all the steam losses due to leaking traps are documented the costs can be determined. To 

answer the sub question: ‘’What are the costs of the measured leaking steam traps?’’, the price of 

one ton of steam needs to be calculated. The calculations that are required can be found in the 

theoretical framework in paragraph 2.2.3.  

When all the sub questions are answered the total loss of efficiency caused by the steam traps can be 

calculated. The main question of this thesis: ‘’How much can the efficiency of the steam system on 

board the MV Zuiderdam be improved, by performing condition based maintenance on steam 

traps?’’, can be answered.  

3.2 Data collection method 
As described in chapter 3.1 the information will be gathered with the FLIR and the Ultraprobe. The 

data from the Ultraprobe is uploaded to the DMS software of UE systems. There the measurements 

can be analysed and interpreted. The photos of the FLIR do not require a software program.    

Once the measurements are completed an excel sheet will be made with an overview of all the 

measurements, the costs of one ton steam, the steam leakages caused by the traps and the fuel 

costs created by the steam traps. 

3.3 Validity and reliability  
To achieve valid and reliable measurements it was chosen to combine ultrasound with thermal 

images, the conclusions of both inspection methods will be compared and one overall conclusion will 

be drawn for each trap. The measurements can be analysed with the DMS and Spectralyzer software, 

in case there is any doubt when drawing conclusions Marcel Rutgers and Peter Boone can be 

contacted. They are professional ultrasound specialists for UE systems in the Netherlands. 
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4. Research results 
In this chapter, the research results, the results gained from the measurements will be explained. To 

achieve a clear view on the results gained from the measurements the excel sheet: ‘’Results steam 

traps MV Zuiderdam’’, should be read simultaneously.   

4.1 Steam trap locations 
Before the measurements could take place the steam traps were located. This was done by following 

the original drawings of the steam system of the MV Zuiderdam. All the steam traps were 

documented in a table. This table can be found in appendix four, or on page ‘’steam trap locations’’ 

in the excel sheet. By doing this the steam trap types and expected ultrasounds could be determined. 

235 steam traps were located across the ship. 

4.2 Thermal and ultrasound measurements 
The measurements went according to the procedures explained in chapter 3.1. Only the steam traps 

that were in use during the research period could be measured. The MV Zuiderdam was sailing in an 

ECA area, this had as an result that the engines were running on MDO. The fuel tanks filled with MDO 

are not heated, along with the fuel modules. These steam traps therefor could not be measured. 

Thermal camera measurements 

To draw conclusions with thermal images it is stated that if the condensate outlet temperature is 

above 100 degrees Celsius, steam passes through the trap 

Ultrasound measurements 

Before the ultrasound measurements took place the Ultraprobe had to be validated. The results of 

the validations are displayed in appendix five.  

Each steam trap had to be analysed in a certain way, this went as follows: 

 Ball float steam traps were measured before and after the trap, the sound sample of the 

measurement after the trap was saved. Ball float traps have a continuous condensate flow, a 

smooth condensate flow with a low fluctuating DB value indicated that a trap was working 

okay. UE systems states that a ball float trap with a DB value over 40 will indicate steam, 

which indicates steam loss;  (Peter Boon, 2016) 

 Thermodynamic steam traps work on the on/off principle, which can clearly be heard with 

ultrasound. It is stated that thermodynamic traps that repeat there cycle no more than 10 

times a minute work okay. If the thermodynamic trap opens more than ten times minute the 

trap was considered leak. A thermodynamic trap can fail open, when this happens a 

continuous fluctuating DB value can be detected, the ultrasound does not necessary have to 

be above 40 DB is this case. An open thermodynamic trap creates a fluctuating DB value with 

high DB peaks, the high peaks are steam that passes through the condensate line, the 

thermodynamic steam traps are measured on the outlet part of the trap.  

 Locomotive steam traps use steam to pump out the condensate if the back pressure is too 

high. The pumping of the locomotive steam traps can be heard clearly with ultrasound. A 

locomotive steam trap is considered okay Incase a fluctuating DB value of 40 or less is 

detected on the condensate line just behind the steam trap. If the DB value is above 40 and 

the trap is not pumping, the trap is considered leak according to ultrasound.  

 Thermostatic steam traps work on the on/off principle or continuous principle. The working 

principle and the condensate flow of the trap were analysed. A thermostatic steam trap is 

considered okay if the steam trap opens and closes as it should, or if the condensate only 
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consists of a low fluctuating DB value. The thermostatic traps were considered leak if the 

trap could not be heard closing and the condensate had a fluctuating DB value with high 

peaks, the high peaks in DB were considered steam;  

The ultrasound measurements were uploaded to the software program DMS of UE systems. There 

the ultrasound could be analysed.  

During the measurements the pipe size of the steam traps were measured to acquire the orifice size.  

4.2.1 Results of the measurements 
During the research 76 steam traps were discovered in use. To answer the sub question: ‘’What are 

the conditions of the steam traps that are in use?’’, the operational steam traps were measured and 

integrated in appendix six or the page ‘’measurements’’ in the excel sheet. The measurement 

number, steam trap location, steam trap type, normal image, thermal image, temperatures, 

ultrasound with its DB value and the conclusions can be found here. It is recommended that the excel 

sheet is used to gain a more professional and clear view of the measurements. Note that the 

ultrasounds can only be listened to in the excel sheet by double clicking on the speaker icon.   

The conclusion of each steam trap is that the steam traps leaks, yes or no. These conclusions are 

drawn of combining the thermal and ultrasound measurements together. 

A summary of the results gained from the steam traps measurements can be found in table two. 

Table 2, Summary of the results gained from steam trap measurements – retrieved from appendix six 

Steam trap type. Times measured. Times trap was found 
leaking. 

Ball float trap 13 2 

Thermodynamic 9 5 

Thermostatic 48 30 

Bimetal 1 0 

Locomotive 2 1 

Inverted bucket 3 2 

From the 76 steam trap measurements 40 steam traps were found leak, that’s 52,6%. 

4.2.2 Steam losses due to leaking steam traps 
Now that the condition of the steam trap is determined the sub question: ‘’How much steam is lost 

due to the leaking steam traps?’’, can be answered. Spirax Sarco and UE systems both created 

average steam loss tables caused by steam traps. These tables can be found in appendix three. To 

use these tables the orifice size and steam pressure is required. The orifice size was gained by 

measuring the outside pipe diameter of the pipe the steam trap was connected to. By using 

(standard pipe sizes, 2016) the outside diameter was translated to the PN number, from where the 

orifice size was determined by using the table of Spirax Sarco.  

The steam loss estimates according to Spirax Sarco and UE systems were acquired by using these 

tables. For example, measurement one, the thermodynamic trap from steam coil one of the fuel tank 

3C, had an orifice size of 3 mm, the steam pressure was 9 bar, the steam trap was considered leak. 

According to the table of Spirax Sarco the average steam loss is twelve kg/hour. According to the 

steam tables of UE systems the steam loss is 30 kg/hour. 

In appendix seven an overview of all the losses caused by the leaking traps is displayed. This overview 

can also be found in the excel sheet under the page: ‘’steam loss estimates’’.  
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The steam losses an hour were multiplied by the running hours of the boiler. This to achieve the 

steam losses caused by the steam traps while the boiler in running during one day. As soon as the 

MV Zuiderdam is at sea the EGB’s of the engines will provide the steam. This is free, as the EGB’s run 

on waste recovery heat of the engines. The extra expenses of the fuel want to be calculated, the 

steam losses while the MV Zuiderdam is at sea are therefor neglected in this research.  

4.3 The price of one ton steam 
To achieve the price of one ton steam a calculation is made, this calculation was retrieved from the 

theoretical framework chapter 2.2.3.  The following values were gained and used: 

 An average calorific value of MDO and HFO is used, the calorific value for HFO is 41800 KJ/kg, 

for MGO 42700 KJ/Kg, the density of HFO is 996 kg/m3, MGO 880 kg/M3. 

 The boiler efficiency was estimated on 89%; 

 The fuel flow meter of the aft boiler indicated 250 litres of fuel an hour; 

 The price of one ton HFO is 170 euro, MGO 300 euro (Bunkerworld, 2015); 

 The boiler on the MS Zuiderdam produces an absolute steam pressure of 9 bar at 175 

degrees Celsius, and has 10 running hours a port day; 

 The heat of formation is 2030,7 Kj/KgK. (Steam tables, vapor training, 2012) 

In figure four the calculation of the price of 

one ton steam is displayed. The steam 

production of the aft boiler is around 4600 

kg/hour. 

The price of one ton steam running on MDO 

was estimated on 14,11 euro. The price of 

one ton steam on HFO was estimated on 9,24 

euro.  

The calculation can also be found in the excel 

sheet. The calculation can be found under the 

page ‘’Calculation one ton steam’’.  

 

4.4 The expenses caused by leaking steam traps  
Now that the price of one ton steam and the amount of steam lost caused by the leaking steam traps 

is determined the sub question: ‘’What are the costs of the measured leaking steam traps?’’, can be 

answered. To determine the costs it is stated that the MV Zuiderdam will stay in this current load 

configuration in each port day and that the steam traps are operational during the running hours of 

the boiler, these are subjective values. According to the itinerary the Zuiderdam has 250 port days in 

2016.   

Appendix eight displays the calculations to achieve the expenses caused by leaking steam traps, the 

calculations are simple. The amount of steam that is lost per hour is multiplied by the running hours 

in port, divided by 1000 gives the amount of steam that is lost in tons. The price per ton steam was 

already calculated in chapter 4.3, the total costs per day are multiplied by the port days to achieve 

the extra fuel expenses caused by leaking steam traps in one year. These calculations were made in 

the excel sheet, under the page ‘’expenses and efficiency losses’’. A copy of the table can be found in 

appendix eight. 

Figure 4 The price of one ton steam  
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5. Discussion 
In this chapter, the discussion, the measurements and results will be criticised.  

5.1 Thermal and Ultrasound measurements criticism 
While the steam trap conditions according to the thermal camera were determined it was stated that 

if the condensate outlet temperature was above 100 degrees Celsius, the steam trap would leak 

steam. This can be misleading, as some steam traps connect to the same condensate line, a steam 

trap that works fine could be determined failed due to this statement.  

Thermodynamic steam traps and locomotive steam traps also use steam for the working principle of 

the trap itself, this leads to a small amount of steam leaking away. The condensate outlet 

temperature therefor could be slightly higher at thermodynamic and locomotive traps while working 

correctly. This way a thermal image could determine the wrong result. 

Ultrasound measurements require a certain amount of experience and expertise, this was not the 

case when the measurements took place. To counter react this argument a lot of the same steam 

traps, with the same working principle were measured. The steam traps were compared to each 

other, this way a leaking trap could be determined.  

Ultrasound is very accurate, this is good for determining the working principles of the steam traps, 

but also other internal background noises created from the machinery can cause confusion.    

So how reliable are the measurements taken? Combining two measurement strategies eliminated 

false results of either ultrasound or thermal measurements. By measuring same steam traps types 

the reliability of the results will increase.  

Ball float, thermodynamic and thermostatic steam traps were measured enough times to make a 

valid comparison. Inverted bucket, locomotive and bimetal traps were only measured a couple of 

times. This made it harder to determine the condition of the steam traps, therefor it can be stated 

that these measurements are less valid. 

According to the measurements 52,2% of the steam traps measured were leak. This high percentage 

is caused due to the small thermostatic steam traps leakages. The condition of the most important 

big steam traps were okay. That 52.2% of the steam traps were considered leak can therefore give a 

wrong indication of the condition of the steam traps on the MV Zuiderdam. 

5.2 Steam lost due to the leaking steam traps criticism.  
The exact amount of steam lost due to leaking steam traps is a question unanswered. Spirax Sarco 

and UE systems both have a different view on the steam losses caused by steam traps and the results 

are far apart. It was stated that the MV Zuiderdam stayed in this load configuration for the entire 

year, this is false. As the load consistently changes in the steam system. Some steam users do not use 

steam the entire day. In the research it is stated that the steam users are all operational during the 

running hours of the boiler.  

The reliability and validity of the steam tables used cannot be proved. This can lead to lower steam 

losses caused by the traps than calculated. This can also have a positive side, in which case the steam 

losses are higher than the steam table indicates.  

It is important to state that the steam losses calculated in this research are subjective, and can differ 

from the actual steam losses caused by the steam traps.   
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6. Conclusions and recommendations 
In this chapter, chapter six, the conclusions from the results are drawn and recommendations are 

made. 

6.1 Fuel saving conclusions 
To determine the fuel that can be saved in the boiler, the total amount of steam loss a day in tons is 

multiplied by price of one ton of steam. In appendix eight the expenses of each leaking steam trap is 

calculated in this manner. It was stated that the boiler runs ten hours during a port day, and that the 

MV Zuiderdam has 250 port days in 2016. The steam users run the same time as the port running 

hours of the boiler. 

The steam losses of each steam trap were calculated to the costs. This was done in appendix eight, or 

can be found in the excel sheet under the page ‘’expenses and efficiency losses”’. 

According to Spirax Sarco 

According to Sarco 5,575 tons of steam is lost in each port day due to leaking steam traps. This 

results in a total of 78,65 euro of extra expenses a day while the boiler is running on MDO, on HFO 

the extra expenses are 51,53 euro’s. On a yearly basis this comes down to 19662 euro’s on MDO and 

12882 euro’s on HFO. 

According to UE systems 

According to UE systems 13,335 tons of steam is lost in each port day due to leaking steam traps. This 

results in a total of 188,33 euro of extra fuel expenses while running on MDO, on HFO the extra fuel 

expenses are 123,39 euro’s. On a yearly basis this comes down to 47082 euro’s on MGO and 30847 

euro’s on HFO.  

To calculate the efficiency loss caused by the steam traps, the total amount of fuel burned by the 

boiler is calculated. The boiler uses 2,2 tons of MDO, or 2,49 tons of HFO a day. With 250 port days 

the boiler yearly uses 550 tons of MDO or 622,5 tons of HFO. This results in a total of 165000 euro’s 

on MDO or 105825 euro’s on HFO. Figure five gives and overview of the expenses. 

To answer the main question of this thesis: ‘’How much can the efficiency of the steam system on 

board the MV Zuiderdam be improved, by performing condition based maintenance on steam 

traps?’’, the expensed caused by leaking steam traps are divided by the total fuel costs a year.  

The total efficiency lost due to the leaking steam 

traps according to Spirax Sarco is 11,9% on MDO, and 

12,2% on HFO.  

The total efficiency lost due to leaking steam traps 

according to UE systems is 28,5% on MDO, and 

29,1% on HFO. 

These losses are only for the MV Zuiderdam, Holland 

America Line consists of fifteen vessels. The total fuel 

savings could increase significantly.   

 

 

  

Figure 5 Expenses and efficiency losses 
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6.2 Recommendations 
It is recommended that the leaking thermostatic, thermodynamic and ball float steam traps are 

replaced or overhauled. As these measurements have been done on several steam traps and create a 

reliable result.  

According to the measurements the locomotive steam trap located at the condensate retour line 

from the crew and passengers hot water heater, leak a lot of steam an hour. One locomotive steam 

trap is on stand-by next to the two steam traps that are in use. It is recommended that the aft 

locomotive steam trap is switched with the forward locomotive steam trap. Only two measurements 

could be done on locomotive steam traps, this can make these measurements  less reliable, but 

switching over the steam traps is free.  

Further investigation regarding condition based monitoring of steam traps in the shipping industry is 

recommended. The measurements show a potential of fuel saving without investing a lot of money. 

Maintaining a good condition of the steam traps do not only result in fuel savings, but also keeps the 

steam system clear from banging that can cause severe internal damage. 

The calculations in this research are all subjective, to achieve more valid calculations it is 

recommended to hire a professional condition based monitoring company to make an inspection of 

the steam traps in use, and give advice on the regarding matter. 

The older the age of the ship, the more steam traps will fail. It is recommended that the older ships 

of Holland America Line apply condition based monitoring on the steam traps in use. 

To achieve maximum results with condition based monitoring on steam traps on board ships it is 

recommended that the measurements take place when the ship is outside an ECA area and running 

on HFO. This way tanks are heated, and fuel modules and HFO separators all are in use. In normal 

conditions this will be the load configuration. These steam traps are the most important when sailing 

outside ECA areas. 
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Appendix one: Working principles of different steam traps.  

The ball float steam trap 
The ball float steam trap, an mechanical steam trap, works on the difference in density of the steam 

and condensate. These steam traps are mainly placed after heat exchangers with a large capacity. A 

ball float trap can only be installed horizontal or vertical.  

Working principle. 

The working principle is based on the ball 

float inside the steam trap. The float is 

connected to a connection rod which is 

connected to the outlet valve. Figure six 

explains that the condensate and steam 

mixture is entered on  the top side of the 

trap, the ball float will start to float. When 

the ball float starts to float the outlet valve 

will open, condensate will be removed and 

drained back to the hotwell. When steam 

enters the trap its will gather above the ball 

float, the steam will push the ball float 

further downwards and the outlet valve will 

close. (Condenspot.nl, 2015) 

The ball float steam trap comes close to an ideal steam trap. The Ball float steam trap will start 

removing condensate as soon as condensate is generated, despite the pressure difference. Other 

advantages of ball float steam traps are: 

 The ball float trap removes the condensate on steam temperatures, therefor the ball float 

trap is mainly used on places where large amounts of heat exchange take place; 

 Can manage light and heavy condensation, does not suffer from sudden pressure- and load 

changes; 

 Can remove air and other non-comprisable gases in case an air vent is placed on the trap; 

 Has a big capacity for its size. (Spirax Sarco mechanical steam traps, 2015) (Sleeptros , 2009) 

(S. van Hees, 2006) 

The ball float steam trap also has its disadvantages. In case the steam trap is exposed to freezing 

temperatures the steam traps ball float can get damaged, this will cause the steam trap to leak. The 

steam trap can get damaged easily, in case the trap is placed in a harmful environment the trap 

should be protected in some kind. The ball float is modified for a certain pressure difference. In case 

the pressure difference is exceeded the steam trap will fail in a closed position and no condensate 

will be removed. Water hammer can cause the ball float to lose its buoyancy. (Spirax Sarco 

mechanical steam traps, 2015) (Condenspot.nl, 2015) 

Inverted bucket steam trap 

The inverted bucket steam trap, an mechanical steam trap, works according to the inverted bucket 

principle. The steam trap has only two moving parts, the connecting rod that opens the outlet valve 

and the inverted bucket. (Hydrotemp, 2014) 

Figure 6 Ball float trap – retrieved from (Condenspot.nl, 2015) 
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Working principle 

The inverted bucket trap is equipped with an ‘’inverted 

bucket’’, this bucket is connected to the connection rod 

which operates the outlet valve. In figure 7 the working 

principle is displayed. The steam and condensate 

mixture enters in the bottem of the trap. In case only 

condensate enters the trap the inverted bucket will 

remain seated and the outlet valve will stay closed. 

When steam enters the trap the steam will gather in the 

bucket and will push the bucket upwards. The inverted 

bucket then pushes the outlet valve closed. As soon as 

the steam is condensated the inverted bucket will sink 

and the outlet valve will open again. (Spirax Sarco 

mechanical steam traps, 2015) (Condenspot.nl, 2015) 

 

The inverted bucket trap can handle high pressures and 

therefor is commonly placed in steam systems that 

operate with high pressures. Other advantages of 

inverted bucket traps are: 

 The inverted bucket is open and therefor can withstand water hammer well; 

 Can be placed in superheated steam systems; 

 Does not get dirty easily; 

 Only has two moving parts, this ensures the steam trap will not get stuck. (Hydrotemp, 2014) 

(Spirax Sarco mechanical steam traps, 2015) 

 

In case the flow of condensate is too low the volume inside the steam trap can boil dry, this can 

result in internal damage to the steam trap. Other disadvantages are: 

 These types of steam traps only come with a small air vent. Only a small amount of non-

compressible gasses can be removed from the system; 

 At all times condensate should remain inside the steam trap, this to maintain the water seal 

inside the inverted bucket. The water seal can break in case of a sudden pressure drop. The 

sudden pressure drop causes the condensate to flash into steam above the inverted bucket, 

the inverted bucket is now pressed down and failed in an open position; 

 In applications with superheated steam the steam trap will lose its water quicker, a non-

return valve should always be placed in front of the inverted bucket trap in superheated 

steam systems; 

 The steam trap can be damaged when exposed to freezing temperatures; 

 The trap is adjusted for a certain differential pressure, in case this differential pressure is 

exceeded the trap will fail in an closed position, and the trap will stop removing condensate. 

(Spirax Sarco mechanical steam traps, 2015) (Condenspot.nl, 2015) 

Bimetal steam traps 
The bimetal steam trap, a thermostatic trap, is used in tracing lines, heat exchangers or steam lines. 

(Thermostatic steam traps, Spirax Sanco, 2015) 

Figure 7 inverted bucket trap - retrieved from 
(Condenspot.nl, 2015) 
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Working principle 

Figure eight shows that the core of the 

steam trap is made of a thread which 

consists of bimetal plates. The bimetal 

plates are two metals welded together, 

each with a different expand coefficient. 

The thread with the bimetal plates is 

connected to the outlet valve. When 

condensate and steam enters the trap the 

steam gathers in the top side of the trap, 

the steam pushes the bimetal plates 

down. The steam also increases the 

temperature of the bimetal plates, the 

plates will expand and open the outlet 

valve. Both forces will find a balance and 

create the position of the outlet valve. 

This way the steam is trapped and the condensate is removed from the system. The moment when 

the outlet valve closes completely can be adjusted with the valve clearance. The valve clearance and 

steam pressure define the condensate outlet temperature. (Thermostatic steam traps, Spirax Sanco, 

2015) (Condenspot.nl, 2015)   

Bimetal steam traps are compact, but still can remove a large amount of condensate. Other 

advantages of bimetal steam traps are: 

 During start up the trap is cold, the valve will be fully open, air and non-compressible gasses 

can be removed easily; 

 Freezing temperatures do not affect bimetal steam traps; 

 Water hammer, high pressures and corrosive condensate do not affect bimetal traps 

 Maintenance is easy, and bimetal traps have a large operational area. 

To prevent water hammer a bimetal steam trap should come with a cooling pipe of at least three 

meters in front of the steam trap. Therefor the bimetal steam trap is unsuitable for steam systems 

where the condensate has to be reused as quickly as possible. Bimetal steam traps do not react 

quickly to changes in pressure, as the bimetal plates need time to expand. (Thermostatic steam traps, 

Spirax Sanco, 2015)  

Venturi steam traps 

Venturi steam traps work on a different principle than all other steam traps. The venturi steam traps 

don’t see the difference in steam or condensate. Consequently, venturi steam traps can only be 

placed on locations where the load and steam pressure remains constant. On board vessels this will 

never be the case, as the steam systems load fluctuates. Figure nine displays a venturi steam trap. 

(Condenspot.nl, 2015) 

Working principle 

The working principle is simple, a predesigned hole only lets 

condensate trough at a specific steam pressure. In case the flow 

of condensate gets high the condensate will gather in front of 

the hole. When the condensate flow is low steam can pass 

through the hole as well, that’s why a constant pressure is 

required for venturi steam traps.  

Figure 8 Bimetal steam trap – retrieved from (Condenspot.nl, 2015) 

Figure 9 Venturi steam trap - retrieved 
from (Condenspot.nl, 2015) 
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The steam trap has as advantage that there are no moving parts inside the trap, nevertheless the 

venturi steam traps knows more disadvantages that advantages. The steam trap can only be used in 

a constant system, and the predesigned hole gets dirty easily, this will block the steam trap. 

(Thermodynamic Steam traps, Spirax Sanco, 2015) 

Membrane steam trap 

A membrane steam trap, a thermostatic steam trap, is mainly used in locations where a lot of air and 

other non-compressible gasses have to be removed from the system. (Sleeptros , 2009) 

Working principle 

This type of steam trap works on 

its membrane located inside the 

housing. The membrane is filled 

with a certain fluid, the fluid’s 

boiling point lies ten degrees 

Celsius under that of water. When 

the fluid inside the membrane 

boils the membrane will float and 

push the outlet valve closed, this 

occurs when steam enters the 

trap. As soon as the steam is 

condensated the temperature of 

the fluid inside the membrane will 

drop and the membrane will open the outlet valve.  When starting up the steam system the 

membrane will be cold, air and other non-compressible gasses can be removed easily. Figure ten 

shows a typical membrane steam trap from Spirax Sarco. (Condenspot.nl, 2015) 

A membrane steam trap is a light steam trap with a big capacity for its size. Other advantages the 

membrane steam traps offer are: 

 Freezing temperatures do not affect the steam trap; 

 Maintenance can be performed easily. (Thermostatic steam traps, Spirax Sanco, 2015) 

Water hammer and corrosive condensate can damage older types of membrane steam traps. Newer 

versions are made from stainless steel, to avoid corrosion. Thermostatic steam traps only work in 

case the condensate’s temperature falls under the steam temperature.  (Thermostatic steam traps, 

Spirax Sanco, 2015) 

Traditional thermodynamic steam trap 

Thermodynamic steam traps are used in several different steam systems. They are especially used in 

steam systems where dry steam is required. The working principle rests on Bernoulli’s law, which 

states: ‘’An increase of speed in the fluid occurs simultaneously with a decrease in pressure or a 

decrease in the fluid’s potential energy’’. (Sleeptros , 2009) 

Working principle 

Figure eleven shows a typical thermodynamic trap with its working principle. There is only one 

moving part in the steam trap, the disc (outlet valve). During start up the pressure in the system will 

rise, the disc will move upwards. The cold condensate and non-compressible gasses can be removed 

in this manner. This process continuous until steam enters and warm condensate enters the trap, the 

mixture first enters the chamber under the disc. The volume of the steam is greater than the volume 

of the condensate, in this way the velocity under the traps disc will increase, this creates a negative 

Figure 10 Membrane steam trap - retrieved from (Condenspot.nl, 2015) 
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pressure which wants to pull the disc downwards. At the same moment the temperature above the 

disc rises, which causes some steam to flash. The saturated steam will push the disc down, the 

condensate flow is stopped. After a while the flashed steam will condensate and the disc will open 

again. (Thermodynamic Steam traps, Spirax Sanco, 2015) (Condenspot.nl, 2015) 

 

Figure 11 Thermodynamic steam trap - retrieved from (Thermodynamic Steam traps, Spirax Sanco, 2015) 

The thermodynamic trap is robust, and has a large capacity for its size. Other advantages are: 

 Thermodynamic steam traps can be applied in steam systems with high pressures and 

superheat without creating water hammer; 

 Don’t suffer from freezing temperatures; 

 The disc is the only moving part in the steam trap, this makes the trap easy for maintenance.  

 Every 20-40 seconds the disc will open, this creates a ‘’click’’ sound, thermodynamic traps 

are therefor easy to test. 

The thermodynamic steam trap also has disadvantages, thermodynamic traps do not work well with 

small differential pressures. The differential pressure needs to be high enough to increase the speed 

of the condensate and create a negative pressure on the bottem side of the disc. Other 

disadvantages are: 

 Due to the high amount of air and non-compressible gasses that need to be removed during 

start up the disc can fail in an closed position. Newer versions of thermodynamic traps are 

equipped with a so called air disc, this disc removes this problem; 

 The steam trap makes noise when opening, when placing the steam trap the location has to 

be taken into account; 

 With the condensate a small amount of steam is used for the working principle of the trap, 

this results in a small loss of steam. (Thermodynamic Steam traps, Spirax Sanco, 2015) 

(Condenspot.nl, 2015) 

Impulse- and labyrinth steam traps 

Thermodynamic impulse- and labyrinth steam traps work on the same principle as the traditional 

thermodynamic trap. Figure twelve displays an impulse steam trap on the left side, on the right side 

an labyrinth steam trap can be found.  

The impulse steam traps have a large operational work area, can work with superheated steam and 

high steam pressures. If impulse traps work with low steam pressures the steam trap will pass steam 

and will produce noise. Impulse steam traps fail to work in case the back pressure is 40% of the inlet 

pressure. (Thermodynamic Steam traps, Spirax Sanco, 2015) 
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Figure 12 Impulse and labyrinth steam traps - retrieved from (Thermodynamic Steam traps, Spirax Sanco, 2015) 

The labyrinth steam trap is small for its capacity. There are no moving parts inside the trap. The 

labyrinth trap therefor will not get stuck or fail. A disadvantage of the labyrinth trap is that the trap 

has to be adjusted when the load in the steam system changes. (Thermodynamic Steam traps, Spirax 

Sanco, 2015) 
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Appendix two: validation test method Ultraprobe 15000.  
Below the validation test method from UE systems can be found, retrieved from (UE systems, 2016). 
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Appendix three: Steam loss tables.  
Spirax Sarco and UE systems both had steam specialists calculate the losses of leaking steam traps. 

Both Spirax Sarco and UE systems made a table with the average steam losses in case a steam trap 

leaks. To determine the steam loss the orifice diameter and steam pressure is required. Table three 

displays the average steam losses according to Spirax Sarco. Table four is the steam loss table 

according to UE systems, the table found was in Lb/hour, for the purpose of this research the table 

was transformed to kg/hour.  

Table 3 Spirax Sarco steam loss estimates – retrieved from (Spirax Sarco, 2006) 

 

Table 4 UE systems estimated steam losses – retrieved from (UE systems, 2014) 

      

Orifice Diameter 3,44(bar) 5,2(bar) 6,89(bar) 8,62(bar) 10,35(bar) 

  Steam leakage  (kg/h) 

0,8 mm 0,84 1,17 1,5 1,82 2,15 

1,6 mm 3,36 4,67 5,99 7,3 8,57 

2,4 mm 7,57 6,99 13,47 16,42 19,32 

3,2 mm 13,52 18,73 23,95 29,62 34,38 

4 mm  21,09 29,26 37,22 45,36 53,52 

4,8 mm 30,39 42,18 53,98 65,77 77,11 

5,6 mm 41,37 57,15 73,48 89,36 105,23 

6,4 mm 53,98 74,84 95,71 116,57 137,44 

7,1 mm 68,49 94,8 121,11 147,42 174,18 

7,9 mm 84,37 117,03 149,69 182,34 215 

8,7 mm 102,06 141,52 180,98 220,45 259,91 

9,5 ,mm 121,56 168,28 215,46 262,18 309,35 

10,3 mm 142,43 197,77 252,65 307,99 362,87 

11,1 mm 165,56 229,52 305,72 356,98 420,93 

11,9 mm 190,06 263,08 336,57 410,05 483,08 

12,7 mm 215,91 299,37 382,83 466,29 549,75 
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Appendix four: Steam trap locations 
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Appendix five: Validation tests Ultraprobe 15000. 
The validation tests from the Ultraprobe can also be found in the excel sheet, under the page 

‘’validation tests Ultraprobe 15000’’. The first day the Ultraprobe indicated 42 and 92 DB. In case the 

Ultraprobe deviated more than six DB from these values the values would be considered false. 

During the measurements the Ultraprobe was considered reliable.  

Table 5 Validation tests Ultraprobe 15000 
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Appendix six: Thermal and ultrasound measurements with their conclusions 
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Appendix seven: Steam losses due to leaking traps 
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Appendix eight:   Expenses caused by leaking steam traps 
 

 


