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R E P O R T 

 

Disclaimer 

 

 

 

The staff of PRHYDE prepared this report. 

The views and conclusions expressed in this document are those of the staff of the 

PRHYDE project partners. Neither the PRHYDE partner(s), nor any of their 

employees, contractors or subcontractors, make any warranty, expressed or implied, 

or assume any legal liability or responsibility for the accuracy, completeness, or 

usefulness of any information, product, or process enclosed, or represent that its 

use would not infringe on privately owned rights.  

This document only reflects the author´s views. FCH JU and the European Union 

are not liable for any use that may be made of the information contained herewith. 
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1 SCOPE OF THE REPORT 

 

In the PRHYDE project, CEAôs (Commisariat à lô®nergie atomique et aux ®nergies 

alternatives) task is focussed on mechanical behaviour of the vessel during fast 

filling test. A first work has been performed to select and validate the mechanical 

sensors at CEA laboratory (non-public deliverable D5.2) end of 2020. During a 

second phase the transportable system that will be used at ZBT (Zentrum für 

BrennstoffzellenTechnik GmbH) was described and validated (deliverable D5.3, 

2021). Within this last phase, subject of this deliverable D5.4, the composite 

pressure vesselsô mechanical behaviour during fast filling tests at ZBT (taking place 

during May 2022) using the transportable measuring system are described and 

summarized. 

 

The three objectives of this report are: 

Á a description of the tank instrumentation, 

Á a tank mechanical behaviour analysis for each test, and 

Á recommendations for future tank conception. 
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2 TANK INSTRUMENTATION  

This paragraph describes the tank sensors integration on the surface of the 244L 

type IV vessel at ZBT. The goal is to follow the mechanical behaviour of the 

pressure vessel during the fast-filling tests. The sensorsô description is available in 

PRHYDE D5.2 (non-public) and D5.3 (public)1 deliverables. 

Strain gauges, temperature sensors, LVDT sensors are integrated on the surface of 

the tank. The optical fibre reading unit was out of order for the test at ZBT so the 

optical sensors were not used. Since optical fibre measurements give the same 

information than gauge sensors (strain), this was, however, not problematic for the 

vessel mechanical behaviour analysis during fast filling test. 

 

2.1 Tank data 

The value of the internal volume of the tank at maximum fill pressure is equal to 

244 L. 

The data given by the type IV tank manufacturer are:  

Á Nominal Working Pressure (NWP): 70.0 MPa 

Á Proof test pressure: 105 MPa 

Á Minimum burst pressure: 158.58 MPa 

Á Tank behaviour at NWP of 70.0 MPa: 

o Nominal fuel container diameter growth: 2.5 mm 

o Nominal fuel container length growth: 7.9 mm 

o Nominal fuel container volume: 243.6 L 

Based on these data, Table 1 is established. This table will be used to compare test 

data with manufacturer data at 70 MPa. 

 
1  See https://prhyde.eu/progress/ for all public PRHYDE deliverables. 
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Table 1:  Tank data table from 244L vessel manufacturer at 70 MPa 

 

 

It is also interesting to estimate the vessel diameter growth and vessel length growth 

at Maximum Filling Pressure (MFP) because main of the PRHYDE filling tests will 

reach this level of pressure. The MFP of 70 MPa vessel is 87.5 MPa (1.25 factor). 

So, by a linear extrapolation, it is possible to estimate diameter growth and vessel 

growth at 87.5 MPa. 

Table 2:  Tank extrapolated data table from 244L vessel manufacturer 

at 87.5 MPa 

 

 
  

Tank data from manufacturer
Value at 

70 MPa

Tank Pressure 70

Vessel Total length (mm) 1940

Length growth at MFP (mm) 7.9

Relative length growth (%) 0.41%

Vessel Diameter (mm) 415

Diameter growth at MFP (mm) 2.5

Relative diameter growth (%) 0.60%

Computed data at 87.5 MPa

(linear extrapolation)

Value at 

87.5 MPa

Tank Pressure 87.5

Vessel Total length (mm) 1940

Computed length growth at 87.5 MPa 9.88

Relative length growth (%) 0.51%

Vessel Diameter (mm) 415

Computed diameter growth at 87.5 MPa 3.13

Relative diameter growth (%) 0.75%
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2.2 Strain gauges and temperature sensors integration 

This paragraph shows the strain gauges and temperature sensorsô integration 

instrumented by CEA. All those sensors are positioned on the top of the vessel 

(except ambient temperature sensor). At this place, due to thermal stratification 

during filling phase, temperatures are the most elevated.  

 

Figure 1:  Strain and temperature sensors integration on 244L vessel at 

ZBT (top view) (Source: CEA) 
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- Surface temperaturesensor: 
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T°C 1: domeinlet
T°C 2: cylinder

T°C 3: domeoulet

T°C 4: ambient

Temperaturesensorsare localisedclose to the straingauges (2-3 cm)
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Figure 2:  Inlet dome picture with sensors (Source: CEA) 

 

 

Figure 3:  Cylinder picture with sensors (Source: CEA) 
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Figure 4:  Outlet picture with sensors (Source: CEA) 

 

 

Figure 5:  Ambient temperature sensor close to tank (Source: CEA) 
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2.3 LVDT sensors integration 

This paragraph shows the Linear Variable Differential Transformer (LDVT) sensorsô 

integration instrumented by CEA. LVDT sensors 1, 2, 3 and 4 measure the axial 

displacement of the tank and LVDT sensors 5, 6, 7 and 8 measure the radial 

displacement. In this report, LVDT P0x sensors are also called LVDT 0x. 

 

Figure 6:  LVDT sensors integration on 244L vessel at ZBT (top view) 

(Source: CEA) 
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Figure 7:  LVDT sensors P01 and P02 (axial, inlet) (Source: CEA) 

 

Figure 8:  LVDT sensors P03 and P04 (axial, outlet) (Source: CEA) 
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Figure 9:  LVDT sensor P05 (radial, 20cm inlet) (Source: CEA) 

 

Figure 10:  LVDT sensor P06 (radial, 36cm inlet) (Source: CEA) 
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Figure 11:  LVDT sensor P07 (radial, 36cm outlet) (Source: CEA) 

tлт 
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Figure 12:  LVDT sensor P08 (radial, 20cm outlet) (Source: CEA) 

  

tлу 
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2.4 Acquisition system 

The system is equipped with analog measurement equipment using different types 

of inputs (gauges, temperature) and with numeric measurement equipment using 

other different types of inputs (LVDT). The following figures show the disposition of 

the different acquisition equipment. 

 

Figure 13:  CEA transportable measurement system (Source: CEA) 

 

Figure 14:  Monitoring and control area (Source: CEA) 

Gauges

LVDT

2 m60 m

Acquisition area MeasurementareaMonitoring and 
Control area
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Figure 15:  Acquisition area (Source: CEA) 

 

Figure 16:  Measurement area on 244L vessel at ZBT (Source: CEA) 



PRHYDE Deliverable D5.4  

Mechanical measurement tests - final report and data analysis  

19 

 

3 TEST RESULTS 

This paragraph contains a description of each fast-filling test at ZBT using CEAôs 

transportable measurement system. The description of the experimental data series 

obtained during three tests on 700 bar 244L vessel with different test parameters is 

developed followed by a paragraph on strain measurement with gauges. 

Á Test 1: (paragraph 3.1)  

Á Test 2: (paragraph 3.2) 

Á Test 3: (paragraph 3.3) 

Á Paragraph 3.4: This paragraph explains the mechanical sensitivity of the 

glue with temperature and the impact on strain measurements. 

 

3.1 Test 1 

3.1.1 Test Identity Card 

Á Date: 18 / 05 / 2022, 14h00  

Á Test matrix for ZBT test campaign: test number #1 

Á Dispenser temperature profile: -40°C 

Á Dispenser pressure profile: Constant PRR 8 MPa/min 

Á End of fill criteria: 97-100% SoC 

Á Note: 8 MPa/min; -40°C; Starting pressure 2 MPa; Target 100%SOC; Via 

plate heat exchanger. Issue with the cooling unit. The cooling stops several 

times during fuelling. 

 

3.1.2 Global description of the test 

Table 3:  Test 1 phases 

 
 

Due to the loss of the pressure signal during the test, at the end of the filling phase, 

we split the acquisition into two different parts: one for the filling and the pressure 

maintain phases (pressurisation step) and the other one for the depressurisation 

phase. So two sets of figures are plotted in this paragraph. 

During the pressurisation phase, strain values are increasing with pressure (see 

Figure 17 & Figure 18). The value of the radial strain (0.35% in the cylinder zone at 

the end of the filling for example: gauge 4) is higher than the value of the 

longitudinal strain (0.26% in the cylinder zone at the end of the filling for example: 

gauge 3). The same tendency is observed for the dome region. For the longitudinal 
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strain in the dome region, a small deformation (±0,02%) with small compression or 

traction was observed.  The strain behaviour is linear with pressure increase (Figure 

18). This behaviour is similar to a standard behaviour of a composite pressure 

vessel. 

Displacement measurements with LVDT sensors show the same tendency than 

strain measurements with a linear behaviour function of pressure increase (Figure 

20 & Figure 21). The longitudinal total displacement value of the vessel at the end of 

the filling is equal to 8.3 mm. The mean radial one is equal to 1.3 mm. 

The ambient temperature during the test was around 32°C (Figure 22). The mean 

temperature at the surface of the vessel is equal to [35°C, 40°C] during the filling 

phase (35°C at dome surface and 40°C on cylinder surface).  During the pressure 

stabilisation the surface temperature value increase from [35°C, 40°C] to [45°C, 

50°C] due to thermal inertia of the composite material. 

This increase of temperature values at the surface of the vessel (see paragraph 3.4) 

explains the decrease of strain values during the stabilisation phase (Figure 19). 

For the depressurisation phase (Figure 23 to Figure 27), the strain and displacement 

sensor responses are still linear with the pressure decrease. At the end of the test 

(Figure 25), the LVDT sensors P03 & P04 values (outlet) are equal to +1 mm and at 

the opposite side (inlet), the LVDT sensors P01 & P02 values are equal to -1 mm. 

This indicates that the vessel moved in translation around 1 mm to outlet side.  

 

 

Figure 17:  Strain function of time during filling and pressure maintain 

(test 1) (Source: CEA) 




















































