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RN Motivation

Important safety questions: H2@Scale
. If a hydrogen leak occurs, where does it go

and in what concentrations? How much
hydrogen was lost?

. Where should facilities place sensors to detect
leaks? How many sensors?
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Our approach:
. Build Computational fluid dynamics (CFD)
models of a hydrogen facility.
. Conduct validation/comparison studies with
controlled releases. ntrastructure
s . Use CFD model to perform hydrogen
dispersion scenario analysis.
. Use models to inform sensor placement
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LiNREL

Reasons for Detection and Monitoring

@ Provide assurances of safety
* Avoids accumulation and potential for delayed ignition
e Activate warning alarm and system shutdown

e Alleviate concerns of community stakeholders

d Minimize product waste (emissions monitoring)
* Desired monitoring range of interest (ppm,)
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Model development — ARIES Facility

Hy Capabiliies ARIES (Adyanced Research on Integrated Energy Systems)

1 MW PEM
Toyota Fuel Cell

600k HyStorag
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Outdoor hydrogen dispersion modeling

ARIES (Advanced Research on Integrated Energy Systems)

S < NG Vs
Modeling outdoor hydrogen releases at ARIES Modeling integrates leak and site parameters
(Test bed for release studies) (e.g., wind, weather and structures)
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— 22.4-27 kg/hr release rate - Sensor placement strategies (short-term)
— 0.84 bar avg. ambient pressure - Emissions profiling and source location (longer-
— Historically representative wind speed & direction range goals)
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N Dispersion modeling - Long-term goals

e Test various site locations

e Use site specific information in
Site-agnostic predicative model
e Design a tool for recommendation of
H, leak sensor placement

e Vary leak locations with various site-
specific conditions

e Predict leak source from H,
concentration detected by sensors

Site-optimized

e Conduct ARIES specific CFD Modeling

e Generate site specific H,
concentration map and sensor
locations from modeling

Site-specific
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Three stage plan for hydrogen dispersion modeling
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LiNRE

Hydrogen Dispersion modeling: Blocks for predictive model

Weather data: Wind
direction, wind magnitude,
Temperature, pressureg
patterns etc.

Site-specific data: Realtime Sensor
CAD model,
geological

constraints etc.

Sensor related data:
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Hydrogen leak Modeling

Developed pipeline for sensor placement strateg

Site specific weather Site specific CAD Data processing of H,

information and CFD modeling concentration Sensor locations

4 CAD model of \

4 site”
—" Mesh of CED model

Weather data Statistically representative data

~ N steady state CFD simulations
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H. concentration map at various locations of interests on site
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H, dispersion behavior

Hydrogen dispersion nature is wind dependent
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] - e 1. Near to leak - vol% range
y g ‘ 2. Away from leak and around site - < 500-1000 ppm
Measurement Range 3. Downstream of leak - <10-100 ppm
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CFD modeling and statistical sampling

l__ Propagation of
hydrogen cloud
’ after leak at 26

e 240 simulations for 1 year weather
data (30 unique wind conditions) and 8

wind directions (45° interval) ll mphofiting
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SlUEL Development of sensor placement map

Statistical quantities of average hydrogen
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Distribution of hydrogen concentration downstream of the site and at various
elevation, showing effect of buoyancy relative to release location
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<NREL
Sensor placement map

Sampling of sensor points at Im
elevation interval for simplified domain
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Sy Current Status and Future work

Planned testing campaign at ARIES with wind sensor and NREL's
internally developed Hydrogen wide area monitoring (HYWAM ) * Support development sensors for

ASME ES 2025
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Weather Station @26’
high

ATEX Anemometer @26’
high centered on

Release Point
* Collocated with Emerson

3D Anemometer @8-26"
high adj. with 8 channels
stacked

Planned Sample Points

for HYWAM:

* The adjustable tower
canuse 8 sample lines

* The GMP has 4 planned

*  We can string multiple
points across the red
bar, i.e., 4x4 channels in
a 30’'wx20’h array

sub-ppm hydrogen measurements
for safety monitoring and provide
ARIES as demonstration site for field
deployment

Sensor placement strategies for
enclosed hydrogen systems and for
outdoor hydrogen facilities

CFD Modeling of hydrogen releases
for safety and emissions profiling
(outdoor) to inform inverse model
development for quantitation and
source identification
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* Thank you! Contact:

Munjal.Shah@nrel.gov

e Questions?

NLR/PR-5700-95753
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