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Abstract. Dictionaries explain “water tightness” as “made so that water cannot get 
in or out” or “of such construction or fit as to be impermeable to water except when 
under sufficient pressure to produce structural discontinuity”.  
 A consumer looking for a rugged watch or mobile phone often is confronted 
with Ingress Protection and the related IP rating. So a user of one of the current 
smart phone top models relies on IP 65 and IP 68 ratings of the device, meaning that 
the product is dust tight (IP6X) and can tolerate water jets projected by a 6.3 mm 
nozzle (IPX5) or can continuously be immersed in water beyond 1 m (IPX8). 
 A novice in leak detection may start a web search in order to find out what 
“water tightness” means with respect to a tightness specification. He will find 
information about diameters of the leak leading to water escape with a span from 
roughly 0.01 to 0.035 mm. The person will get confused finding leakage rate data 
ranging from 0.6 ml/min up to 12 cc/min or a “typical leakage rate” of 10-2 mbar.l/s. 
 The presentation details physical basics on how to approach “water tightness”. 
An overview is given about the range of specifications classified as “water tight”. 
Selected examples from real automotive and consumer applications are shown. The 
effect of surface tension of water on materials with varying hydrophobicity is 
presented. Test parameters and conversion of a “water tight” specification to a 
pressure decay and tracer gas leakage rate is indicated. 

Introduction  

Water tightness is an ambiguous expression. According to the personal experience of the 
user and expectations to the respective application the understanding of water tightness can 
span a broad range of technical descriptions for a product. On the web site of Beuth 
publishers [1] the search for the expression “water tight” yields 1.417 standards in 
12 categories from 10 publishers. This shows the broad range of world wide applications 
using the most important liquid on earth. 

Media used for water tightness tests 

It is straightforward to use water as a medium for water tightness tests. The materials which 
are tested in this way range from e.g. plastic connectors via textiles to subsea production 
systems in petroleum and natural gas industry. In most cases the medium of interest is not 
pure water but water with additives like a salty solution (marine water), water with 
additives like a detergent or water as a solvent for chemicals like paints or Adblue® [2]. 
Many non-aqueous media also are of interest regarding leak tightness. These include liquid 
hydrocarbons used as fuels or lubricants in chemical, petrochemical or engineering 
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applications. Other liquids like fluorinated hydrocarbons often are used as cooling medium 
in refrigeration and air conditioning.  

Leak test methods based on the medium used during operation of the respective 
product often are not fast enough for production environment. The result of the test is 
subject of interpretation by a human worker. The demand for fast tests with a deterministic 
and objective test result independent from a human worker together with high sensitivity 
often leads to use of a leak test operated with gas.  

In gas leak testing the medium used may be compressed air or a specific tracer gas 
like hydrogen or helium. In order to be sure to measure the correct leak rates a commonly 
accepted procedure is needed to convert leak rates of the gas used during leak test to leaks 
of the operational medium. 

How tight is “water tight”? 

The typical leakage rate of “water tightness” often is defined as 1.0.10-2 mbar.l/s 
(1.0.10-3 Pa.m3/s). Many sources for this value can be found in literature and on web pages 
of equipment suppliers and in publications. A selected compilation is shown in Table 1. 

 
Table 1: Water tightness and gas leak rates 

Leak diameter / mm Leakage rate / mbar.l/s Gas loss at p = 1 bar Source 

 0.01 10  
-2

 1 cc / 100 s
Innomatec GmbH, 

 Wikipedia

 10  
-2

 0,6 ml / min  Schreiner GmbH

   0,5 … 12 cc / min  Dr. Wiesner GmbH

 0.03 10  
-2

 

DGZfP Jahrestagung 
(German Society for 
Non-Destructive Testing 

 annual meeting) 2007

 0.03 10  
-2

5 cm
3

 /min  APT GmbH

 0.035 10  
-2

  DGZfP web site

 
This compilation can only be a rough rule of thumb. According to the German Society of 
Non-Destructive Testing [3] the value of 1.0.10-2 mbar.l/s (1.0.10-3 Pa.m3/s) is the minimum 
specification for “water tight” and is not valid for fluids with lower viscosity. 

“DIN EN 1779:1999-10 Non-destructive testing - Leak testing - Criteria for the 
method and technique selection” [4] mentions leak rates of 1.0.10-3 mbar.l/s 
(1.0.10-4 Pa.m3/s) as detection limits for bubble test with liquids both for immersion of the 
tested object into water as well as liquid application on the surface of the tested object. So 
there is a deviation from the frequently mentioned leak rate for water tightness in an official 
regulation. 
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In practice leak rates for water tightness can be found for technical applications as 
summarized in Table 2. 
 

Table 2: Technical specifications for water tightness 

Application  Leakage rate  Source 
Water pump 

 (Automotive)
4 … 6 cc/min 

10
-1
 … 10

-2
  mbar l/s

 its GmbH
 Inficon

Water cooler 
 (Automotive)

1 … 6 cc/min 

1 x 10
-2

  mbar l/s

 its GmbH
 Inficon

 Fountain solution reservoir
(Automotive) 

10
-2

  mbar l/s  Inficon

 Brake fluid reservoir
(Automotive) 

10
-3
 … 10

-4
  mbar l/s  Inficon

 Brake hose
(Automotive) 

10
-3
 … 10

-4
  mbar l/s  Inficon

 Heat exchanger
(Automotive) 

3 x 10
-4

  mbar l/s
 0,018 N cm³/min

 J. W. Froehlich

 SCR* pumps 1 x 10
-4

  mbar l/s  Private communication

 SCR* tanks 5 x 10
-5

  mbar l/s Private communication 

Water dispenser 5 x 10
-5
 mbar l/s Private communication 

* SCR = selective catalytic reduction; conversion of nitric oxides to nitrogen and water with ammonia, respectively AdBlue® 

 
The reasons for the strong deviation over a dynamic range of almost 4 decades are the 
allowed leak rate as a consequence of a leak and variations of the pairing materials used. 
 

Water – a special fluid 

Water has comparatively strong intermolecular interactions between the oxygen atom in 
one molecule and the hydrogen atoms in another. Microscopically this leads to formation of 
a three-dimensional network which macroscopically results in surface tension of water. 
Selected surface tensios of various liquid media are summarized in Table 3. 
 

Table 3: Surface tension of selected fluids [5] 

Fluid  Formula  Surface tension at 298 K / Pa.s 
Water H20 72.310-3 
Water with tenside  <30 … > 70 10-3 
AdBlue®  1.410-3 
Lacquers, glues, colours - 30...50·10-3 
Ethanol C2H5OH 22.010-3 
Methanol CH3OH 22.7·10-3 
Ethylene glycol C2H6O2 28.6·10-3 
Glycerol C3H8O3 64.0·10-3 
Benzene C6H6 28.910-3 
Cyclohexane C6H12 25.0·10-3 
Mineral oil - 32·10-3 
R 134a (1,1,1,2-tetrafluoroethane; 
refrigerant) 

CF3-CH2F 8.0810-3 

 
So deviations from the “standard” value of 1.0.10-2 mbar.l/s (1.0.10-3 Pa.m3/s) can be linked 
to deviations in the surface tension of water related with temperature or the respective 
material pairing.  
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Temperature influence 

Deviation number 1 is the temperature dependence of surface tension. Let us consider a 
bubble test according to DIN EN 1593:1999-11 [6] by immersion of the tested part under 
water. The test is performed by appliance of a pressure gradient over the leak channel and 
observation of bubbles in a test liquid which is on the low-pressure side. The formation of a 
gas bubble on the surface of the tested part is depending on the pressure in the gas bubble 
driven by the pressure in the tested part, radius of leak channel and the calotte of the 
forming bubble plus the surface tension of the liquid. The pressure is depending on the 
double surface tension. Surface tension of water is 0.072 Pa.s at 20°C and 0.068 Pa.s at 
50°C. So if we summarize the pressure needed for formation of a bubble on a given leak 
channel geometry as a function of the water temperature we see small differences only in 
the order of less than 10% as shown in Table 4.  
 

Table 4: Test pressure needed for formation of a bubble in bubble testing by immersion [7] 

Leak diameter / µm Pressure differential at 20°C / bar Pressure differential at 50°C / bar 
1000 0.003 0.003 
100 0.029 0.027 
50 0.058 0.054 
20 0.146 0.136 
10 0.292 0.271 
5 0.583 0.542 
1 2.916 2.712 

0.5 5.832 5.424 
0.1 29.16 27.12 

 

Surface tension of water 

Deviation number 2 is the surface tension of water itself. According to Equation 1 the 
maximum diameter of a leak channel which is just blocked by water is depending on the 
pressure difference between entrance and exit of the leak channel, radius of leak channel, 
surface tension of the liquid and the contact angle of the liquid.  
 

Equation 1: maximum leak diameter blocked by a liquid 穴��� = 4 × � × 潔���Λp  

 
dmax       =  maximum diameter of the leak channel              = surface tension of fluid              = contact angle of fluid p           = pressure difference between entrance and exit of the leak channel 

 
Since the cosine often is unknown a conservative approach is defining the cosine to its 
theoretical maximum of 1.  
 The surface tension of water can be influenced by adding tensides in various 
concentrations [8]. An extreme example is AdBlue®, a 32.5% solution of urea in de-
ionized water with its strongly reduced surface tension [9]. Figure 1 shows that Adblue® 
will flow through a leak channel with a diameter of less than 0.6 µm at a pressure of 0.1 bar 
only. In order to transport de-ionized water through the same leak channel a pressure of 
5 bar would be needed. 
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 This also means that a “water tight” product is not necessarily tight for other fluid 
media. At identical pressures and leak geometries benzene (as a model for petrol) can 
penetrate leaks which are 2.5 times smaller compared to water. R134a as a model for 
refrigerants can even pass through leaks which are 9 times smaller. 
 

Figure 1: Test pressure needed for formation of a bubble in bubble testing by immersion 

 
 

Hydrophobicity of surface 

The above-mentioned surface tension of 0.072 Pa.s at 20°C is valid only for the material 
pair of de-ionized water on aluminum. Any other material than aluminum will change the 
surface tension of water going along with changes of water transfer through a leak. An 
example is the strongly hydrophobic surface of the cock of a water dispenser. In a series of 
experiments a manufacturer of water dispensers has proven that the absence of visible 
water bubbles corresponds to a helium leak rate of 5.0.10-5 mbar.l/s (5.0.10-6 Pa.m3/s) at a 
pressure difference of 1 bar [10]. 

Limitations of test methods 

It must be stated that the physical description of water flowing out of a leak is different 
from a bubble forming in an immersed pressurized sample. The capillary effects as 
described above are influenced by test pressure and radius of the leak. For gas leak 
detection the analysis must be complemented by the length of the leak channel (i. e. wall 
thickness of the part to be tested), the real pressures at entrance and exit of the leak channel 
and dynamic viscosity of the fluid according to the Hagen-Poiseuille equation. Only after 
calculation the test pressure can be estimated for the respective tightness criterion. This is 
never a precise calculation since the geometry of the leak channel will deviate from the 
ideal circular geometry without any wall interactions as postulated for the Hagen-Poiseuille 
equation. 
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 A more detailed analysis of physical basics and conception for a water pressure or 
bubble test method is under preparation [11]. 

References  

                                                 
[1] http://www.beuth.de/en 
[2] https://www.vda.de/en/topics/innovation-and-technology/ad-blue/adBlue.html 
[3] http://www.dgzfp.de/Fachaussch%C3%BCsse/Dichtheitspr%C3%BCfung/FAQ V9 
[4] DIN EN 1779:1999-10 Non-destructive testing - Leak testing - Criteria for the method and technique 
selection 
[5] http://www.dgzfp.de/Fachaussch%C3%BCsse/Dichtheitspr%C3%BCfung/FAQ P6 
[6]DIN EN 1593:1999-11: Non-destructive testing - Leak testing - Bubble emission techniques 
[7] J. Steck, prosensys GmbH, private communication 
[8] http://unimeter.net/interim/4_OberflSpannung.htm 
[9] http://www.adblueonline.co.uk/downloads/msds/air1.pdf 
[10]private communication 
[11] German Society for Non-Destructive Testing, Technical Committee on Leak Testing, Guideline DP 6, Bubble 
test and water tightness: relevance of a gas leak test for leaking liquids; to be published. 
 


