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The main objective of WP5 is to study the reliability and safety issues
during the realisation of innovative systems for the H2 production from
biomass (the BioH2Power Unit). 

This task is accomplished following two main research lines:

The The frameworkframework: BioH2Power Project, WP5: BioH2Power Project, WP5

DetailedDetailed modellingmodelling forfor a a safesafe design design ofof the the unitunit
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-) study and development of numerical models specifically aimed at 
simulating the dispersion of non-neutral (positively or negatively 
buoyant) gases as a tool for the safety analysis of H2 production from 
biogases

-) assessment of the reliability and safety of the system configurations 
under study, and identification of the actions to be performed to refine 
the system design.



WP 5 numerical modelling activity: WP 5 numerical modelling activity: the rationalethe rationale

Development of a new version of the 3-D Lagrangian stochastic 
dispersion model MicroSpray (µSPRAY), which is regularly used for 
estimating the airborne pollutant dispersion, specially devoted to 
simulate accidental gaseous releases at the microscale. 

Implementation of new modules, specifically tailored to treat the physics 
of accidental release and dispersion of non-neutral gases (exit gas 
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of accidental release and dispersion of non-neutral gases (exit gas 
density higher or lower than that of the environmental air) in the model, 
aimed at considering also particular conditions, such as high exit speed 
of the gas (jets). 

The new model supports the safety study for the planning and building 
of the BioH2Power units. 



� Study and investigation of the phenomenology of the hydrogen
release and dispersion

� Selection and numerical implementation of a mathematical model
for light gas plume rise

WP 5 numerical modelling activity: WP 5 numerical modelling activity: the strategythe strategy
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�Analysis and selection of hydrogen release and dispersion
experiments in literature and setup of a focused measuring
campaign � Pisa experiment.

�Validation of the new plume rise module on experimental data
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Obstacles & buildings included !



• any kind of source configuration, with emission in any 

… it allows taking into account:

• negatively, positively or neutral emissions in 
presence of obstacles
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• any kind of source configuration, with emission in any 
direction and any initial velocity

• dispersion of dense and/or light gas, accidental releases
and possible terrorist attacks in urban areas.



REFERENCES:

The MSS modelling system for light/dense gas      The MSS modelling system for light/dense gas      11//44

The idea beneath: to implement a plume rise model capable of treating 
buoyant plumes in complex atmospheric structure since it integrates 
along the plume trajectory.

An entrainment parameterisation to specify the mixing of ambient air into 
the plume is integrated into the differential equations for the fluid motion 
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The variables
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pp ψφ , angles between the plume direction      and the xz and xy 
planes

s
r

aa ψφ , angles between the airflow velocity      direction and the 
xz and xy planes

au
r

ppp T ϑρ ,, density, temperature and potential temperature of the gas

aaa T ϑρ ,, density, temperature and potential temperature of the air
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Calculation of entrainment velocity as:
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where and 1.01 =α 6.02 =α

Calculation of entrainment velocity as:

Anfossi D., Tinarelli G., Trini Castelli S., Nibart M., Olry C., Commanay J., 2010. A new Lagrangian 
particle model for the simulation of dense gas dispersion. Atmospheric Environment, 44, 753-762



Expected dynamics of buoyant jet and plumeExpected dynamics of buoyant jet and plume
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Jets. Buoyant fluid emerging 
from a nozzle into an 
otherwise undisturbed tank of 
water. Scorer R.S., 1978.

Buoyant plumes



From: Pantzlaff and Lueptow, “Transient negatively and positively buoyant turbulent round jets”, 
Experiments in Fluids 27 (1999) 
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Negatively buoyant jet Positively buoyant jet



AIM: to gather specific experimental data of dispersion and 
concentrations in real atmosphere for typical H2 accidental releases: 
high emission velocities, light gas ��

� Verification of new modules in MicroSpray

Analysis and selection of hydrogen release and dispersion
experiments in literature and setup of a focused measuring
campaign � … joining the PisaPisa experimentexperiment..

The PISA experimental campaignThe PISA experimental campaign

Harmo 13, Paris, 1-4 June 2010

� Verification of new modules in MicroSpray

� Validation of MicroSpray simulations

Pisa experiment:  in collaboration with Politecnico of Torino (Prof. A. 
Carpignano) and University of Pisa (Prof. M. Carcassi). 

A sonic anemometer provided by ISPESL (Dr. A. Pelliccioni), Roma

Extreme microscale !
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Pipes
Release 

equipment



Wind direction Release point Net of samplers

The PISA experimental campaign: The PISA experimental campaign: design sketchdesign sketch
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But in the real field…..

Wind direction



Release
wind 

direction
wind

speed
Friction 

velocity u
Roughness

z St. Dev. σσσσu St. Dev. σσσσv St. Dev. σσσσw

The PISA experimental campaign: The PISA experimental campaign: design sketchdesign sketch

Sensor locations
Case 2

~ 2 m
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Release
direction speed velocity u* z0

St. Dev. σσσσu St. Dev. σσσσv St. Dev. σσσσw

1 98 1.00 0.10 0.018 0.25 0.24 0.07

2 114 0.96 0.13 0.052 0.30 0.57 0.11

3 157 1.61 0.10 0.0016 0.66 0.29 0.09



Birch et al., Velocity decay of high pressure jets, Combustion  science and technology, 1986 

Initial conditions Final conditions

The PISA experimental campaign: The PISA experimental campaign: the sourcethe source
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The PISA MSS numerical simulations: The PISA MSS numerical simulations: 

velocity distribution and plume dynamicsvelocity distribution and plume dynamics

Case 2 The experiments and the numerical simulations last 

approximately 80s

The concentrations are calculated in the last 20s

Example here

Wind dir

Release dir
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The PISA MSS numerical simulations: The PISA MSS numerical simulations: concentrationconcentration
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…where  ∆x, ∆y, ∆z is the ‘concentration grid’ 

Counting the number of 
particles in each grid cell and 
accumulating their masses
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The contribution of each 
particle mass is weighted by 
the total time the particle 
spends inside the cell 
during its time step



The PISA MSS numerical simulations: The PISA MSS numerical simulations: concentrationconcentration

2.5x2.5x1 cm 20x20x8 cm
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Dimension of the sampling 
box of calculated 
concentrations

2.5x2.5x1 cm 20x20x8 cm



-) study and development of numerical models specifically aimed at 
simulating the dispersion of non-neutral (positively or negatively 
buoyant) gases as a tool for the safety analysis of H2 production from 
biogases

Present progress in the study…..Present progress in the study…..
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-) further analysis of the new plume rise numerical  modules and of 
the Pisa experiment results

1. Some sensitivity analysis on the experiment configuration

2. Investigation of new algorithms for supersonic speed emission: jets

3. Investigation of new algorithms for unintended hydrogen releases



Investigation of new algorithms for supersonic speed 
emission: jets

Plume region

Transition region

Variable-density 
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So and Aksoy, 1993, 
Int. J. Heat Mass Transfer 36, 3187-3200

Variable-density 

non-buoyant region

Kim J.S., W. Yang, Y. Kim, S.H., Won,W., 2010. 
J. of Loss Prevention in the Process Industries



Kim J.S., W. Yang, Y. Kim, S.H., Won,W., 2010. Behavior of buoyancy and momentum 
controlled hydrogen jets and flames emitted into the quiescent atmosphere. Journal of 
Loss Prevention in the Process Industries

Investigation of new algorithms for supersonic speed 
emission: jets
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W. Houf, R. Schefer, 2008. Analytical and experimental investigation of small-scale 
unintended releases of hydrogen. International Journal of Hydrogen Energy, 33, 1435-1444

Investigation of new algorithms for supersonic unintended 
hydrogen releases
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W. Houf, R. Schefer, 2008. Analytical and experimental investigation of small-scale 
unintended releases of hydrogen. International Journal of Hydrogen Energy, 33, 1435-1444

Investigation of new algorithms for supersonic speed 
emission: unintended hydrogen releases

As the jet exits the leak the 
turbulent mixing layers at 
the edges of the jet begin 
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the edges of the jet begin 
to grow and eventually 
expand to merge at the 
centerline of the jet.



The numerical simulation of the Pisa experimental trials show that the non-neutral
version of µSPRAY is able to simulate such peculiar and extreme condition:
also with a supersonic jet of a buoyant gas in a very small environment, the model is able to
reproduce the particles’ motion and to give a reasonable concentration estimation.

Nevertheless the interpretation of µSPRAY results has to be coupled to the
interpretation of the experimental measurements.
In fact, during the data analysis and the numerical simulations a lot of issues arose:
• an uncertainty in the emission angle with respect to the anemometer position;
• a strong fluctuations of the sensor position;
• a crucial dependence of the particles’ dispersion on the initial conditions (related to the small

Conclusion and work in processConclusion and work in process
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• a crucial dependence of the particles’ dispersion on the initial conditions (related to the small
scale and the velocity of the release).

Under process for next improvement……

• further simulations varying the initial and boundary conditions in the model, on the
basis of the experimental uncertainties;
•sensitivity analysis on the turbulence variables;
• new specific formulations and algorithm were analyzed for su personic release
speeds (jets) and unintended hydrogen leaks.


