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Executive summary  

At the request of McElwaine Technical Services a list of the relevant processes which could 

be applied to the process of leak detection in plate heat exchangers was produced by 

QUESTOR. After a meeting with Neville McElwaine, it was decided to further investigate 

food dyes, pH indicators, turbidity, dissolved oxygen as well as method queried by the client 

(the Hexteq method). These processes were explored and a short report was produced 

including information on the type and expense of the instrument required, the tested 

compound or parameter, necessary preparatory requirements related to each process as well 

as the advantages and limitations of each method. A tabulated summary was produced at the 

end of the report for comparisons to be made. A follow-up meeting will then be organised to 

discuss the findings of the report and the direction in which McElwaine Technical Services 

wish to pursue.  
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List the relevant processes which may be suitable for the process of leak detection in 

heat exchangers 

Critical leak spots in closed systems are usually the connections, gaskets, welded and brazed 

joints, or defects in material. The ideal method would identify whether there is leakage or not, 

provide information on the leakage size and if possible detect the source of the leak. 

However, most viable methods are only able to identify if there is a leak or not. The donor 

gas/liquid should generally be circulated at higher pressure than the recipient gas/liquid. 

 

Requirements of adopted method 

The chosen method has to be sensitive enough to detect even small leakages in plate heat 

exchangers. The compound or chemical, physical property adopted may have to be detected 

in minute quantities (low limits of detection). The chemicals/compounds cannot leave 

problematic residues within the heat exchanging apparatus. The adopted method ideally 

should not contain substances harmful to human health. Some kind of calibration could be 

used to help determine the size of the hole. For example changing the pressure of the fluids 

and gases in respect to each other and determine the difference in results between the varied 

conditions. 

Salt conductivity-A saline solution is injected into one circuit and water is injected into the 

other, and measuring the conductivity of the water in the second circuit makes it possible to 

detect whether salt is passed from one circuit to the other. 

Pressure change method- Uses pressure gauges which are often used to monitor the system 

performance. Suspected leak sites can be squirted with a solvent (e.g. acetone) while 

watching the gauge for a pressure rise that occurs when the solvent enters the leak. This 

method possesses limited sensitivity (this also depends on the type of pressure reading 

instrument). The method has other shortcomings in that there may be a possibility of solvent 

freezing causing temporary blocking of a leak or the solvents used may attack or corrode the 

equipment used.  

Overpressure method- This method can be performed by using either fluids or gases. This 

method circulates a fluid in one path and a gas at a lower pressure in the other. Leaks are 

visually inspected by the liquid being forced through any cracks or seals (United States Patent 

6009745).  

Vacuum decay- Used by VeriPac to detect leaks in various forms of packaging and invisible 

defects using an absolute or differential pressure transducer leak test system. Package leaks 

may appear as imperfections in the package components themselves or at the seal between 

two components. The VeriPac leak tester is connected to a test chamber that is designed to 

contain the particular package to be tested. A vacuum is then applied. The chamber is then 

isolated from the vacuum source and an absolute or differential vacuum transducer is used to 

monitor the test chamber for both the level of vacuum as well as the change in vacuum over a 

predetermined test time. This method doesn’t appear to be designed for use with plate heat 

exchangers but a method could possibly be adapted 

(http://www.ptiusa.com/methods/vacuum.asp). 

http://www.ptiusa.com/methods/vacuum.asp


 

 
The QUESTOR Centre 

Applied Technology Unit  
 

L:\Consultancy\McElwaine Tech Services\131009mcelwaine report.doc   4 

Mass spectrometers as leak detectors-These are very sensitive instruments which could be 

used for detecting leaks in vacuum systems. The mass spectrometers can be adjusted to 

measure a particular species of tracer gas or liquid. Helium has been used previously due to 

its small mass and atom volume assures good supply of gas through a leak -relative great 

mass distance from neighbour mass enables greater sensitivity. The first next suitable gas for 

leak detection purposes would be hydrogen but it is dangerous and residual atmosphere in 

vacuum systems always contains this gas. There are also spectrometers adjustable to other 

gases such as argon. 

Dye detection method- This is an adaptation of a technique used to find cracks in metals and 

defects in welds. It uses a low viscosity fluid that exhibits a high rate of surface migration. 

The dye can be run on one side of the apparatus with water on the other or the apparatus may 

be painted on one side of a suspected leak site, and after a time, it is detected on the other side 

of the wall. The test is simple, low cost, it leaves records, with high sensitivity. Food 

colourings could be used such as caramel colouring, Annato, cochineal, betanin, turmeric, 

saffron, paprika, elderberry or artificial colourings such as brilliant blue or sunset yellow. The 

optical density could be measured to determine whether a leak is present. 

Water/Milk detection method- Milk could be pumped through one pipe at a particular 

pressure while water pumped through the other at either a higher or lower pressure. The 

optical density of either liquid could be measured for either dilution of the milk or an increase 

in absorbance of water at 600nm. This process would be minimally invasive with no dyes or 

other products to rinse out. Light-Scattering (LS) Detectors such as Nephelometry (light 

scattered) and Turbidimetry (residual light transmitted) may also be adopted. 

Leak detection with thermal imaging- In this method an infrared camera is used to detect 

leakages in a heat exchanger by an imaging process that indicates the differences in 

temperature between a heat exchanger and a pressurized gas within. The temperature 

differences are created by cooling or heating either the pressurized gas or the heat exchanger, 

and any leakages are visually observable by the resultant image which is representative of the 

temperature differences. The process can be accomplished with the use of air rather than 

requiring trace gases (US Patent 6866089). 

Acoustical leak detection (gases)- Uses the sonic or ultrasonic energy generated by gas as it 

expands through an orifice. Pressurized gas proceeds from tested system through leaks which 

are detected outside by a suitable microphone (typically about 40 000 Hz). Acoustical leak 

detection is widely used in testing high pressure lines, ductworks etc. It requires modest 

instrumentation; it is simple and fast but has limited sensitivity.  

Ultrasonic leak detection-At the location of a leak, fluid will flow from high pressure to low 

pressure producing a turbulent flow at the leak site. The resulting turbulence can be measured 

by ultrasonic probe such as the Ultraprobe and translated (via heterodyning) into the audible 

range where they are heard using headphones and observed as intensity increments on a 

meter. The sensitivity can be adjusted to determine the direction of the leak and the sound can 

be followed to the loudest point where the leak will be located (http://www.uesystems.com). 

Radioisotope method-This method is only useful for testing airtight sealed components. 

They are placed in a chamber which is to be evacuated and filled with radioactive tracer gas 

(typically krypton 85). It diffuses through any leaks present in the system and can be detected 
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by radiation sensor. The instruments for this type leak tracing are very expensive but very 

sensitive. 

Oil in water carryover detection- Optek use an inline turbidity meter to detect oil (ppm 

range) in circulating water within the heat exchanger. Optek use a dual scattered light 

turbidity meter. This method require a very carefully thought out rinsing protocol to avoid 

traces of oil contaminating the milk. 

Helium sniffer- Already used by Accusense. The probe can detect helium leakage from a 

pressurised circuit into a low volume of air circulation system. The probe can detect the 

presence of helium down to a concentration of 2ppm. 

Halogen sniffer- Halogen (fluorine, bromine, iodine, chlorine and astatine) containing 

refrigerant gases (halides) such as R-12 can be detected by a halogen diode leak detector. 

Standard leaks of known size are used to calibrate halogen diode leak detectors. A halide gas 

or tracer gas can be applied outside of the tested evacuated apparatus using the sniffer to 

detect any halide gas. The principle is based on the increased positive ions (K or Na) 

emission because of sudden halide composition presence. This can be reversed and have the 

pressurised halide gas on the inside with the probe on the outside to detect any leaks at 

different points (Mix PE, 2005). The halogen diode leak detector is potentially more sensitive 

than a thermal conductivity sensor. Sniffer tests using refrigerant gases should be conducted 

from the highest point as they are denser than air. A mixture of halogen gas with air, carbon 

dioxide or inert gas can be used. 

Bubble test (soap painting)- Generally used to check for leaks in gas cylinders, could form a 

problematic lather requiring more rinsings before the heat exchanger may be used again. Air 

is pumped through one route of the heat exchanger causing the extension of bubbles at the 

point of leakage. 

Bubble test (air, water)- Detecting excess air bubbles in the recipient fluid may give an 

indication of a possible leak. This could be considered more of a preliminary test, not very 

sensitive. 

Dissolved oxygen content- Compressed air or oxygen pumped one side with water on the 

recipient side. A detected rise in dissolved oxygen of the water would indicate a leak. 

Dissolved oxygen can be measured using a standard dissolved oxygen probe. Relatively 

inexpensive equipment, depends on the sensitivity of the probe. 

Thermal conductivity- Can detect the difference in heat transfer between 2 gases such as a 

halogen rich gas and air as a reference gas (Mix PE, 2005). 

Colour change reactants-Two reactants that when placed in contact, causes a colour change 

for example an iodine solution and a starch solution orange to blue/black colour change. A 

glucose solution could be pumped one side with Benedict’s solution in the other. On contact 

the colour changes to orange. A solution containing vegetable oil could be pumped one side 

with Sudan IV solution in the other. On contact the colour changes to red. Or a protein rich 

solution could be run alongside Biuret reagent in the route. On contact the colour changes to 

violet.   
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pH measurement- Carbon dioxide (CO2) may be passed on one side of the heat exchanger 

with water on the other. Any CO2 passing into the water will react to form carbonic acid 

lowering the pH. This can be detected by a pH meter. CO2 is currently used to reduce the pH 

in swimming pools. 

Acidic/ basic indicators- In one route of the heat exchanger an indicator solution is run at a 

pre-determined pH approximately at its pKa value. The other side has either a weak acidic or 

basic solution made up in water (depending on the indicator) e.g phenolphthalein made up to 

close its turning point (pKa) exists as pink/purple in basic conditions and colourless once 

neutralised. There are many indicators that may be used for this method but the ideal 

candidate should have a fairly neutral pKa to reduce costs. This method could be combined 

with a gas on one side such as carbon dioxide that will react with the water to form a slightly 

acid solution. Examples of indicators include: Bromothymol blue, Naphtholphthalein, Cresol 

Red, Methyl red. 

Fluorescent detectors – These measure the ability of certain compounds to absorb then re-

emit light at given wavelengths. Fluorescent compounds have a characteristic fluorescence. 

Fluorescence occurs when a molecule, atom relaxes to its ground state after being electrically 

excited. Water soluble fluorescent dye e.g. fluorescein which absorbs light at 494nm and 

emits it at 521nm in water 

Inductively coupled plasma mass spectrometry (ICP-MS)- This is a rapid, sensitive way 

of measuring the elemental concentrations of solutions. More than 75 elements can be 

determined, most of them at detection limits less than 1 part per billion. This technique could 

work extremely well at detecting minute concentrations of a trace metal solution entering 

water through a leak in a heat exchanger. However it is not portable. 

Portable Raman spectrometry- This method measures vibrational information specific to 

the chemical bonds and the symmetry of molecules. It is able to provide a fingerprint by 

which the molecule can be identified. A particular molecule within a solution will produce a 

particular fingerprint, the cross-transfer of a particular compound through the lanes in the 

heat exchanger may be detected.  

Chemiluminesence-(Liquid phase) Luminol (C8H7N3O2) is a chemical that exhibits 

chemiluminescence, with a striking blue glow, once mixed with an appropriate oxidising 

agent (e.g. H2O2). As the excited state relaxes to the ground state, the excess energy is 

liberated as a photon, visible as blue light. 

Bioluminescence-The firefly has the highest known quantum efficiency for 

chemiluminescence reactions. ATP reacts with luciferin catalysed by luciferase to yield an 

unstable intermediate which combines with oxygen to form a chemiluminescent compound.  

UV light/nucleic acid stains- A diluted ethidium bromide solution with DNA could be used. 

By shining a UV light into the heat exchanger the presence of nucleic acids can be seen 

visually. Ethidium bromide is a suspected carcinogen-not recommended.  SYBR green is also 

used for detection of nucleic acids. 

Filtration/ total suspended solids-If milk is run through one route of the heat exchanger and 

the other with water, any cross contamination may be detected by filtration. A known volume 

of the circulated water is filtered through a membrane of defined pore size as to collect any 

large molecules used in milk such as proteins, sugars and fats. If the membrane increases in 

mass between before and after weightings then a leak is likely to be present. The same 

http://en.wikipedia.org/wiki/Bromothymol_blue
http://en.wikipedia.org/wiki/Naphtholphthalein
http://en.wikipedia.org/wiki/Cresol_Red
http://en.wikipedia.org/wiki/Cresol_Red
http://en.wikipedia.org/wiki/Methyl_red
http://en.wikipedia.org/wiki/Chemiluminescence
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process could be carried out for the milk. A known volume of milk is filtered producing a 

particular weight, any dilution caused by water transferring into the milk, will dilute the 

overall weight of the known volume. This method could be used for a number of different 

liquids containing solids. 

Potassium permanganate- (patent U.S. Pat. No. 5,170,840) A solution of sulfamic acid is 

circulated through one circuit and a colored mixture of caustic soda and potassium 

permanganate is circulated through the other, and the colored leaks which may arise are 

observed. This solution has the same disadvantage as the previous one.  

Dry solids test- By drying (105
o
C) a defined volume of homogenous milk before circulation, 

milk after circulation and water after circulation (10-100ml) a difference in the dry weight 

may determine the milk being diluted by water passing between the circulatory routes. 

Nuclear magnetic reasonance spectroscopy- not suitable, too expensive and impractical 
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Stage 09Q053.3 Outline 

The selected methods to be investigated in greater detail (as discussed in the meeting) are 

listed below: 

 Food dyes 

 pH indicators 

 Turbidity method 

 Dissolved oxygen 

 Salt conductivity (current method) 

 Hexteq method 

The economics of each method will be investigated, along with the equipment required, 

initial preparation needed, staff training as well as the advantages and the limitations of each 

method will be discussed. 

A short report will be prepared on each method. These methods will then be compared with 

each other using a tabulated summary which will give an indication of how effective the 

method is for each particular requirement. 
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Hexteq method 

Easytesters limited were contacted by QUESTOR in regard to the type of method used (for 

the hexteq system) and the costs associated. Mike bowling replied saying that the Hexteq 

system is not a pressure test but something they have designed based upon ultrasonics, 

unfortunately there are confidentiality issues that restrict the amount of information that they 

can give, but if there are any specific questions, he will try to answer them. The quote 

received was approximately £10,000 per annum. 

Mike Bowling. Easytesters Limited (reg in England) BSI Accredited Company/ISO 9001 

H403, 533 Horizon. Broad Weir. BS1 3DJ. Bristol 

Telephone: +44 (0)75151 22 575 

email: mb@easytesters.com Skype: mb.easytesters@skype.com 

 

Dye detection methodology 

This is an adaptation of a technique used to find cracks in metals and defects in welds. It uses 

a low viscosity fluid that exhibits a high rate of surface migration. The dye is passed on one 

side of the apparatus with water on the other. The test is simple, cheap, and possesses high 

sensitivity. Food colourings could be used such as caramel colouring, Annato, cochineal, 

betanin, turmeric, saffron, paprika, elderberry or artificial colourings such as brilliant blue or 

sunset yellow. The optical density of the circulated solution is measured to determine whether 

a leak is present. Each compound can be detected as a peak at a particular wavelength. 

An older established method involves spraying the plates with dye on one side of a suspected 

leak site, and after a time, it is detected on the other side of the plate and on the wall (Figure 

1). This is obviously very time consuming and may involve the unnecessary deconstruction 

of a plate heat exchanger. This method should only be employed once a leak has been 

determined by the use of an initial detection method. However this method does allow the 

location of the leak to be identified. 

 

Figure 1-Leak detection using a sprayed dye on the disassembled plate heat exchanger. From 

http://www.bykowskiequipment.com/regasktg.htm 

 

 

 

 

mailto:mb@easytesters.com
mailto:mb.easytesters@skype.com
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Food dyes 

There are a huge amount of food dyes available from many companies including Abbey 

Colour, Indiamart and New Dragon Dyes. An example of a suitable dye is shown in table 1. 

Table 1-the information on a particular dye provided by the following website: 

http://www.kolorjetchemicals.com/natural-food-color.html#chlorophlly 

Chlorophlly Green Colour Water Soluble 

Classification: E – 141 / 75810 

Product Liquid Caramel Type I Plain [Scotch Grade] 

EEC No. / C. I. No. E – 141 / 75810 

Colour Light to Dark Green depending on food products & 
Quantity Used 

Consistency Free flowing Liquid 

PH 7 

Specific Gravity 1.09 to 1.12 

Absorbance Value OD 630 nm 0.26 

Dilution 1: 1000 in water 

Arsenic 1 ppm 

Lead 1 ppm 

Copper 10 ppm 

Heavy Metals 1 ppm 

Storage Protect from exposure to air, light & heat. Don’t 

freeze 

Packing 5 Kg in white virgin jerry can 

Application Soft drinks, Soups, Beverages, Drugs, 
Confectionery, Yoghurts, Ice cream, Jellies, Cake 
mixes, Instant food etc. 

Food dyes (100g) purchased from camartech.com cost approximately £4. These are also 

available in liquid form for easier and cleaner preparation. Liquid food dyes are available 

such as Brilliant Blue (500ml) for less than £4 which avoid some of the mess in making up 

the dye solution. Natural food dyes are non-toxic and water soluble providing no health-

hazard related implications. The dyes will need to be prepared (diluted) in containers with a 

large enough volume to be continuously re-circulated through one side of the heat exchanger 

in much the same way as for the currently utilised salt conductivity method. 

A phone call to Optek was made in regard to the methods they currently utilise to detect 

leakages in plate heat exchangers. Below are conclusions drawn from a phone call to Optek 

technical advisor Tom Schwalbach(USA). 

Optek use coloured dyes for leak detection in the beer industry, while for milk they use 

turbidity. Optek use an inline turbidity sensor called the TF56 which is run with a 556 

converter. The technique use milk and water in the two routes within the plate heat 

exchanger. The approximate costs were indicated to be $5000-6000 for the required parts and 

http://www.kolorjetchemicals.com/natural-food-color.html#chlorophlly
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cable. According to Tom Schwalbach, the coloured dye methods are more than double this 

price. The method has a 4-20 output, data-logging capability, dual channel sensor which 

includes a reference channel, if this channel is found to spike this indicates a very bad leak. 

The current standard in America is 11-12ppm detection or less than 5 turbidity units. 

Tom Schwalbach questioned the use of coloured dyes in milk plate heat exchangers, he said it 

is just not done and indicated that it was a waste of time. Although this is just his opinion, it 

may be considered. The two aspects regarding the use of dyes in the detection of heat 

exchangers are the following: 

1.How much volume of dyed liquid is required to be passed through one side of a heat 

exchanger? 

The volume of the diluted dye obviously depends upon the size of the plate heat exchanger. 

Similar volumes of diluted dyes (food dyes, pH indicators and artificial dyes) would be used 

as when using the currently used salt conductivity method. This is not anticipated to be a 

problem.  

2.How long will it take to completely wash out all traces of the dye from the plate heat 

exchanger so it does not contaminate the introduced milk after completion of the leak 

detection test (with traces of residual dye). 

The dye chosen in this method should be easily washed out with tap water and not be too 

stubborn to remove. A mild acid wash could also be considered (0.1M HCl) to speed up the 

removal of the dye. Ideally several potential dyes should be tested for their ease of removal 

prior to their incorporation to an established method. A high solubility of the dye compound 

is desired to aid rinsing with tap water. Another problem that may affect leak detection in 

heat exchangers by spectrophotometry include contamination caused by yellowing from 

overheating or charring causing trace colour to be detected in water or organic solvents. 

However a thorough rinsing programme should remove this problem. 

Another aspect of the dye incorporated is the size. The smaller the molecular size of the 

compound the smaller the hole in the heat exchanger plates the molecule can fit through. The 

main concern regarding plate heat exchanger leak size is whether the hole is sufficiently large 

to allow the passage of either microorganisms or their spores from unpasteurised milk into 

the pasteurised milk. Bacteria such as E.coli are approximately 1-5µm in length by 0.5-2µm 

width. Bacillus sp. spores are 0.8-1.2µm in diameter. The molecular size of the dye 

compounds are approximately no more than 3-5nm in diameter, almost a thousand times 

smaller. This means that if no dyes are able to pass from one path of the heat exchanger to 

another then neither can any microorganisms. 

 

 

 

 



 

 
The QUESTOR Centre 

Applied Technology Unit  
 

L:\Consultancy\McElwaine Tech Services\131009mcelwaine report.doc   12 

pH indicator methodologies  

Without going into too much detail, pH is a logarithmic scale ranging from 0-14 indicating 

the concentration of dissolved hydrogen ions [H
+
] in solution. One pH unit indicates a ten-

fold difference in hydrogen ion concentration. The pH of pure water is 7.0, any solution with 

a lower pH is considered to be acidic while any solution with a pH above 7.0 is basic. 

pH indicators may be used in much the same way as food dyes in that the colour can be 

diluted and a lower absorbance value will be detected. pH indicators possess two or more 

colours whose expression depends upon the pH of the solution (see Table 2). 

For example phenolphthalein is colourless below a pH of 8.2 and fuchsia pink from pH 8.2-

12.0. Phenol red is yellow below 6.4, red above 8.0 and an orange colour between the pH 

values of 6.4-8.0. There are many pH indicators available, where each one has a transition pH 

(a between colour change).  

Using pH indicators adds an extra diagnostic parameter into leak detection in plate heat 

exchangers. This method requires the circulation of either an acidic or basic solution (or gas 

such as CO2) at higher pressure than the recipient solution containing a pH indicator at a 

known concentration at a controlled pH. The infiltration of the acidic/basic solution into the 

indicator solution will cause a noticeable colour change. This method is designed to work 

alongside spectrophotometry rather than completely replace it. Ideally the pH indicator 

solution is adjusted to be very close to a change in colour (either the upper or lower limits of 

the transition pH range of the indicator). 

Example 1- A phenolphthalein (Figure 2) solution is prepared in the necessary volume at a 

pH of ~8.0 (colourless) and pumped through one path of the plate heat exchanger. The other 

side has a bleach solution pumped through at higher pressure (NaClO solution, ordinary 

household bleach). The bleach solution is a strong alkali and if a leak is present between the 

circulatory routes, the bleach solution will raise the pH of the indicator solution above 8.2 

causing an immediately identifiable colour change (fuchsia pink). If this test is being 

monitored by a spectrophotometer a spike at a set wavelength will occur over time as the pink 

solution becomes apparent. The bleach may be considered appropriate to sterilise the interior 

of the plate heat apparatus preventing infestation of heat resistant microbes. Either a multi-

parameter detection probe that monitors the pH and is able to detect compounds within the 

visible wavelength range or a separate pH probe and colorimeter is required (see viable 

spectrophotometers for further information). 
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Figure 2- the structure of phenolphthalein 

Example 2- A Neutral red (Figure 3) indicator solution is prepared at pH 8.1 (yellow) and 

pumped through one circulatory route of the plate heat exchanger. In the other route, beer 

(pH ~4.3), vinegar (pH 3-4) or any other inexpensive acidic solution is circulated. If a leak is 

present the acidic solution will lower the pH of the Neutral red indicator solution causing a 

colour change to orange between the pH range of 6.8-8.0 before turning red below a pH of 

6.8. This particular method would be most convenient for use in the beer or carbonated drinks 

industry but can obviously be used in conjunction with milk apparatus. 

 

Figure 3- the structure of methyl red indicator 
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Table 2- Examples of pH indicators and their characteristic colours 

(http://chemistry.about.com/library/weekly/aa112201a.htm) 

Indicator pH Range Acid Base 

Thymol Blue 1.2-2.8 red yellow 

Pentamethoxy red 1.2-2.3 red-violet colourless 

Tropeolin OO 1.3-3.2 red yellow 

2,4-Dinitrophenol 2.4-4.0 colourless yellow 

Methyl yellow 2.9-4.0 red yellow 

Methyl orange 3.1-4.4 red orange 

Bromophenol blue 3.0-4.6 yellow blue-violet 

Tetrabromophenol 

blue 

3.0-4.6 yellow blue 

Alizarin sodium 

sulfonate 

3.7-5.2 yellow violet 

a-Naphthyl red 3.7-5.0 red yellow 

p-Ethoxychrysoidine 3.5-5.5 red yellow 

Bromocresol green 4.0-5.6 yellow blue 

Methyl red 4.4-6.2 red yellow 

Bromocresol purple 5.2-6.8 yellow purple 

Chlorphenol red 5.4-6.8 yellow red 

Bromophenol blue 6.2-7.6 yellow blue 

p-Nitrophenol 5.0-7.0 colourless yellow 

Azolitmin 5.0-8.0 red blue 

Phenol red 6.4-8.0 yellow red 

Neutral red 6.8-8.0 red yellow 

Rosolic acid 6.8-8.0 yellow red 

Cresol red 7.2-8.8 yellow red 

a-Naphtholphthalein 7.3-8.7 rose green 

Tropeolin OOO 7.6-8.9 yellow rose-red 

Thymol blue 8.0-9.6 yellow blue 

Phenolphthalein 8.0-10.0 colourless red 

a-Naphtholbenzein 9.0-11.0 yellow blue 

Thymolphthalein 9.4-10.6 colourless blue 

Nile blue 10.1-11.1 blue red 

Alizarin yellow 10.0-12.0 yellow lilac 

Salicyl yellow 10.0-12.0 yellow orange-brown 

Diazo violet 10.1-12.0 yellow violet 

Tropeolin O 11.0-13.0 yellow orange-brown 

Nitramine 11.0-13.0 colourless orange-brown 

Poirrier's blue 11.0-13.0 blue violet-pink 

Trinitrobenzoic acid 12.0-13.4 colourless orange-red 
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Viable Spectrophotometers 

Spectrophotometers measure light intensity by the use of wavelength and are commonly used 

to measure the concentration of a particular compound in an aqueous solution. A focused 

beam of light is passed through the analysed solution and is partially absorbed, changing its 

intensity. Depending on the type of spectrophotometer, different wavelengths of light can be 

analyzed. ultraviolet/visible spectrophotometers measure in the UV and visible regions of the 

electromagnetic spectrum (190 to 380nm and 380 to 760nm, respectively). 

ultraviolet/visible/near-infrared spectrophotometers are also available and measure up to 

2600 to 3300nm. 

 

Spectrophotometers are produced in either single beam or double beam configurations. A 

single beam spectrophotometer uses a reference standard to standardize or blank the 

instrument before taking measurements. A double beam spectrophotometer splits the beam of 

light into two different paths, one of which passes through the sample while the other passes 

through a reference standard. Double beam spectrophotometers measure the ratio of light 

intensities and, therefore, are not as sensitive to fluctuations in the light source or detector. 

However, single beam spectrophotometers tend to be smaller and operate over a wider range. 

Laboratory bench style single beam spectrophotometers are not suitable for leak detection of 

plate heat exchangers. These devices use cuvettes and are not capable of continuously 

monitoring the absorbance of a circulated aqueous solution. 

Ideally colour measurements should be monitored inline enabling precise measurement of the 

analysed compound in real-time. Either dilution of the detected compound on one circulatory 

route can be detected if there is a leak present or the transfer of the dye compound from one 

route to the circulated tap water may be measured. Optek produce a number of specialised 

spectrophotometers suitable for this task (see Figure 4 for an example). 

 

Figure 4- The AF16-EX-F single channel absorption sensor by Optek 

The AF16-EX-F spectrophotometer uses light in the wavelength range of 385 to 1100 nm at 

selected wavelengths and detects colour intensity or colour changes. In this case a constant 

light beam penetrates the aqueous solution. Optical path lengths range from 1 to 1000 mm 

allowing adaption to each plate heat exchanger (www.optek.com). Monitoring colour 
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measurements photometrically by an inline method enables real-time, precise control of 

colour addition, colour removal, or colour avoidance process automations. 

StellarNet Inc produce a range of reasonably priced spectrophotometers which are small 

(2.75x4x6 inch), robust instruments designed in mind for field, laboratory, process lines or 

factory areas. The price for range quoted for these instruments is in the range of $2750-

$3495. Figure 5 shows the how the instrument is set up which could easily be modified for 

use in plate heat exchangers. 

 

Figure 5-Example of a spectrophotometry system from http://www.stellarnet.us/ Epp2000C 

 

 

 

 

 

 

 

 

 

http://www.stellarnet.us/
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Dissolved oxygen methodology 

The dissolved oxygen method involves compressed air or oxygen pumped through one side 

with water on the recipient side. A detected rise in dissolved oxygen of the water would 

indicate a leak. Dissolved oxygen can be measured using a standard dissolved oxygen probe. 

Relatively inexpensive equipment depends on the sensitivity of the probe. 

 

Figure 6-By using the dissolved oxygen in water parameter, two methods may be devised. 

The first method involves running deoxygenated water through one route and compressed air 

through the other. If an increase in dissolved oxygen (in ppm) is detected, a leak may be 

present. Method 1 may require prior deoxygenation to reduce the concentration of oxygen 

within the water to a low level to allow for a greater range and sensitivity in the method. This 

can be achieved using several different methods including sonication, nitrogen purging, 

chemical addition or heating. Gas stripping columns are considered to be a cheap method to 

deoxygenate water and can be made relatively inexpensively. 
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Figure 7-A simple and inexpensive column design constructed from petri dishes with 

alternating positions of openings (A). The base of the column where nitrogen gas flows 

upwards (B). The overall gas stripping column which works on the principle of retaining the 

water and nitrogen for a longer timeframe improving the performance of deoxygenation (C) 

(Barnhart 1995).  

A gas stripping column such as shown in Figure 7 can be further enhanced with the addition 

porous materials such as glass beads which increase the surface area and increases the 

retention time of the water in the column. 

Sodium metabisulphite is a compound that may be used to deoxygenate water but as it does 

so sulphur dioxide is released which is an unpleasant smelling gas meaning that this 

compound could not be used in the role intended here. 
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Figure 8- An example of a typical ultrasonic water bath with heating control which can be 

used to purge water of oxygen (model Labline 9316- www.labx.com). This particular model 

retails for approximately £600. The required dimensions of this apparatus depend on the 

volume of water required in testing for leaks.  

Dissolved oxygen probes range in price from around £100 to more than £1000. With this 

method, a relatively high accuracy and high precision is required. The heavy duty dissolved 

oxygen probe shown below is a reasonably cheap option which is portable, handheld, PC 

linked data-logging capabilities. The only downside to this device is the accuracy of the 

device which is ± 0.4mg/L. This device would be considered suitable to detect leaks in the 

above proposed method. However the information obtained on the size of the leak may be 

limited due to the lower accuracy of the device. Otherwise this incorporates all requirements 

needed for leak detection. The probe also has a simple calibration method. 

 

 

Figure 9-Example of an inexpensive oxygen probe. www.burntec.com. Heavy duty dissolved 

oxygen meter (407510) costing £266.66 +vat measures dissolved oxygen, oxygen and temperature has 

a built-in RS-232 PC interface with optional data acquisition —software and data-logger. 

 

 

http://www.labx.com/
http://www.burntec.com/
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Table 3- the specifications of the Heavy duty dissolved oxygen meter (407510) 

Functions 

Dissolved 

Oxygen Oxygen Temperature 

Range 
0 to 

19.9mg/L 
0 to 

100.0% 0 to 50°C 

Accuracy 

± 

0.4mg/L ± 0.7% ± 0.8°C 

Probe 

Compensation 

& Adjustment 

Salt: 0 to 

39% 

Altitude 
0 to 

3900m Temp: 0 to 50°C 

CE / 

Warranty 

CE Approved; 3 years (meter) / 6 months conditional 
warranty (electrode) 

Dimensions Meter: 178 x 74 x 33mm; Probe 0.8D x 4.9"L 

Weight 482g 

 More expensive dissolved oxygen probe systems combine several detection methods such as 

the WU-35432-70 Oakton Waterproof Handheld pH/DO 650 Meter Kit (from Cole-Palmer) 

which can simultaneously measure the chosen parameters from pH, mV, or ISE and 

conductivity or dissolved oxygen. It uses wireless infrared data-logging to allow either 

printing or download data without cables. This system has an accuracy of ±0.2mg/L. 

Figure 10- WU-35432-70 Oakton Waterproof Handheld pH/DO 650 Meter Kit (from Cole-

Palmer) 

 

The YSI Model 52 Field Dissolved Oxygen/BOD Meter is priced at £1331.00 / each + VAT . 

This sensor is more accurate and has a higher resolution than the other sensors but is still 

reasonably inexpensive compared to the costs.  
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Figure 11- The YSI Model 52 Field Dissolved Oxygen/BOD Meter image and specifications 

were taken from the following website: 

http://www.coleparmer.com/catalog/product_view.asp?sku=0551100&pfx= 

 

 

Table 4- The specifications of the YSI Model 52 Field Dissolved Oxygen/BOD Meter 

DO range 0 to 19.99 mg/L 

DO resolution 0.01 mg/L 

DO accuracy ±0.037% 

Percent saturation accuracy ±0.1% + 1 LSD 

Percent saturation range 0 to 199.9% saturation 

Percent saturation resolution 0.10% 

Temp compensation automatic from 0 to 45ºC 

Temp resolution 0.1ºC 

Temp accuracy ±0.1ºC 

Salinity compensation 

manual, from 0 to 40 ppt 
(fresh to sea water) 

Display Multi-parameter LCD 

Power 

AC line adapter or six 1.5 V 

alkaline D batteries 

Temp range -5.0 to 45ºC 

Battery life Approximately 100 hours 

Dimensions 11" x 8 ½" x 3 3/4" 
 

 

 

 

 

 

http://www.coleparmer.com/catalog/product_view.asp?sku=0551100&pfx
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Existing Salt Conductivity method 

The current method used by McElwaine Technical Services is a salt conductivity method 

whereby tap water is used as the recipient fluid and a salt water solution is used as the donor 

fluid. The salt water solution is circulated at a higher pressure than the tap water allowing the 

transfer of salt between the paths if a leak is present. After a period of stabilisation has 

occurred, if no change in conductivity is observed in the tap water, then a leak is unlikely to 

be present. If a steady increase in the conductivity of the tap water is recorded then a leak is 

present within the plate heat exchanger (US Patent 6062068 - Leakage testing method for a 

plate heat exchanger). 

 

Milk Turbidity method 

Turbidity is the cloudiness of a liquid caused by the presence of suspended solids. This 

method harnesses the detection of the suspended particles within milk to determine whether a 

leak is present within the heat exchanger system. Milk could be pumped through one circuit 

at a particular pressure while water pumped through the other at either a higher or lower 

pressure. The turbidity of either liquid could be measured for either the dilution of the milk 

by water or an increase in the turbidity of water. 

Figures 12 and 13 show the apparatus recommended by a technical advisor from Optek for 

use in milk and water turbidity methods. The sensor has been designed in mind for low 

turbidity monitoring and reads between a range of 700-1100nm. The system possesses data-

logging capabilities and the sensor includes dual channels (reference and test channels) The 

quote given by an Optek technical advisor (Tom Schwalbach) was £5-6000 for all the 

necessary parts and cable. The limitations of this method include the fact that this method 

would not be suitable for leak detection in beer associated apparatus and is currently 

unknown just how portable and easy to set up this equipment is. 

 

Figure 12-An inline turbidity sensor (TF56) produced by Optek for use in leak detection in 

plate heat exchangers by detecting the presence of suspended solids found in milk being 

transferred into water.  
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Figure 13- An Optek 556 converter is required for use with the inline turbidity sensor (TF56) 

that is claimed to provide reliable and repeatable measurements throughout the leak detection 

process. 

 

Examples of suitable turbidity meters 

Turbidity sensors focus a light beam into the monitored solution.  The beam of light then 

reflects off particles in the water, and the resultant light intensity is measured by the turbidity 

sensor's photodetector positioned at 90 degrees to the light beam.  The light intensity detected 

by the turbidity sensor is directly proportional to the turbidity of the water.  The turbidity 

sensors utilize a second light detector to correct for light intensity variations, colour changes, 

and minor lens fouling. 

 

 

Figure 14- U-50 multi-parameter water quality analyzer from Global Water Instrumentation 

Inc. costing $2980 

This instrument measures 11 parameters can be measured: pH, pH (mV), ORP, temperature, 

dissolved oxygen, electrolytic conductivity, turbidity, total dissolved solids, salinity, seawater 

specific gravity, and depth. The U-50 multi-parameter water quality meters can store up to 
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10000 data sets in memory.  Data can be stored manually or automatically for later display 

and print out from the multi-parameter water quality meter. The optional USB cable the 

multi-parameter water quality meter's data can be transferred to a computer for further 

analysis. 

This handheld multi-parameter water quality measurement system comes with the following:  

 Handheld multi-parameter water quality meter with water quality probe and cable 

 Instruction manual 

 500 ml pH 4 Buffer 

 250 ml Reference inner solution 

 Calibration beaker 

 DO installation tool and membrane repair kit 

 pH, DO, and ORP sensors 

 Backpack 

The specifications for this instrument are listed below: 

pH range (0-14pH) accuracy (±0.1pH), ORP range (-2000-2000pH) accuracy (±15mV), 

conductivity range (0-100mS/cm) accuracy (±1% of full scale), dissolved oxygen range (0-

50mg/l) accuracy (0-20mg/l is 0.2mg/l), temperature range (-5 to 55
o
C), turbidity range (0-

800NTU for U-52 sensor). 

An example of a cheaper turbidity meter is shown in Figure 15. The WQ770-B turbidity 

meter measures less parameters, but this is justified by a lower price. 
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Figure 15- The WQ770-B Turbidity Meter (PN# DG0200) from Global Water 

Instrumentation Inc. costing $1,339. Ranges=0-50 NTU and 0-1000 NTU; Meter=0-50 NTU 

or 0-1000 NTU selectable accuracy: + 1% of full scale. 

 

Conclusions 

There are a number of methods that may be adopted for leak detection in plate heat 

exchangers. In designing a method using an existing instrument and purchasing the required 

equipment, huge savings could be made as the initial outlay on equipment will be relatively 

inexpensive when compared to the fees associated with the currently adopted method. 

However the introduction of a new method will require fairly extensive testing on several 

different plate heat exchangers to confirm the accuracy of the test. A lot of money may be 

saved on the equipment but sufficient time must be invested to produce a suitable method 

capable of reliably and routinely detecting leaks.  

Many of the instruments currently available are able to test multiple parameters 

simultaneously. Two separate methods (or more) may be combined to allow a further level of 

analysis with little to no extra preparation or costs. For example salt conductivity may be 

used at the same time as a dissolved oxygen method as the presence of salt will not affect the 

levels of oxygen of the water. Coloured dyes may also be analysed at the same time as 

dissolved oxygen or salt conductivity. It may be possible to tailor the individual methods in 

such a way as to provide information on the size of the leak, this however would require 

laboratory research. 

The large number of patents surrounding the subject of leak detection in plate heat 

exchangers may limit the choices available in the search for a less expensive method. 

Whether the development of a new method or the uptake of a cheaper alternative established 

method takes precedence is an important decision to be made by the client. Due to the 

confidential nature of the available leak detection methods it was difficult to discern much 

information regarding their methods or to gage the effectiveness of the process (such as 

Hexteq). A summary of the methods investigated for deliverable stage 09Q053.3 are shown 

in Table 5.  
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Table 5-Summary table of the methods investigated in this report. 

  Food dyes pH indicators Dissolved oxygen Turbidity method 

Salt 

conductivity  

Hexteq 

method 

Cost of analytical device $3000 

similar price as food 

dyes £300-£2000 $5-6000 from Optek Yearly fee 

£10000per 

year 

cost of analytes cheap cheap free cost of milk cheap unknown 

toxicity of analyte none possibly none none none none 

Ease of use simple slightly more complex 

slightly more 

complex simple simple unknown 

Setting up time fast moderate moderate/slow fast fast unknown 

Pre-preparation of materials yes yes yes no yes unknown 

Accuracy good good good good good unknown 

Rinsing of residues required yes, possibly longer rinsing  yes no yes (milk) yes no 

Datalogging capability yes yes yes yes yes unknown 

 


