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Air Products Overview

* Industrial gas ...O,..Ns...Ar..H,...CO...He... Xe...COa...

e Founded in 1940

e 20,000 employees A’R /.
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e $10.3 billion sales
* Separation & liquefaction equipment
* Hydrocarbon gasification (gas / liquid / solid)

e Ammonia production (hydrogen carrier)



Leak Detection Strategy

* Measure pressure, flow, temperature at boundaries
e Simulate fluid dynamics (assuming no leak)

* Construct boundary flow residuals...

A=n+(F-F,) S

X

* ...to identify and locate leaks
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Conservation Laws
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Liquid State Equation

p=p0+(p;2p0) (P;Po)<<po




Pressure-Velocity Dynamics




Scaling
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Dimensions & Scales

L =2000 ft
R=1/3ft T=L/c=05s
cC = 4000 ft/S PEPOCU: 372 pSl
U =10 ft/s
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Characteristic Form |
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Characteristic Form
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Small Point Leaks

Linear Equations: p, >> p, u, >>u p
Boundary Conditions: p=0 @ x=0, x=1

Point Leak: (1= €6[x—y]

Point Conditions: p, = p,, u, =u, +& >
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Inviscid Quarterpoint Leak

Inviscid Dynamics
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Computational Algorithm
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* Implicit Euler integration

* Exact solution of 2x2 linear equations
* Specified pressure or velocity at boundaries
* Pressure continuity and velocity jump at leak

* 2 ms per timestep (51 spatial nodes)



Inertial Leak Dynamics

Velocity
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Quarter-Point Leak: A = 0.5
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Frictional Leak Dynamics

Velocity Quarter-Point Leak: A =10.0
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Detection Algorithm

- Compute moving averages over the echo period -

Inviscid Quarterpoint Leak: At=0.1 Inviscid Quarterpoint Leak: At=0.1
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Data Acquisition

Triple-redundant sensors (F, FT)

Modified Welch test for statistical consistency

Sensor sample times < |00 ms

Optical fiber data transfer to LDS PC



Challenges

® TJemperature variation: will temperature
changes along the pipeline alter the echo
time!

® Transient turbulence: will rapid distortion
of mean flow significantly increase friction?

® Data quality: will rapid response sensors
generate large fluctuating errors!?



Pipeline Laboratory |

Piping Schematic
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* Leak tubing: %-in (metal or plastic)
* Orifice diameters (mm): {0.5, 1.0, 2.0, 5.0}
(mm) Orifice /
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Dimensions & Parameters: 1 Inch Tubing
* R = 0.5245 in (1 in diameter aluminum tubing)
* L =1600 ft (c = 4066 ft/s - 1. = 0.39 5)
« 10* < R, < 3 x 10*

* 0.081 < 4 <£0.207

. 6 < AP(psi) < 40

13 ft (40 wraps)
*25<Q(gpm) <75



Summary

Rapid (seconds) leak detection is possible on short
liquid pipelines provided that possible complications
of...

- variable sonic velocity
- transient friction

- rapid response sensors

... can be resolved. Tests will show!



