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Background

• Fuel Pool Fires

• Filming Foam

– Issues with current 

surfactants

• Foam Layer and Ghosting

– Diffusion of Fuel Vapors

– Degradation of Film Layer

• Project Goal

– Effective Diffusion Constant and Flux



Earlier Timeline

• October – November
– Code Species Fraction and Stream Function/ Vorticity 
Algorithms

– Stagnation flow solution from Leonard

• December – February
– Verify code against Fuel Vapor in Air data

• March – April
– Apply code to Film and Foam data

• May
– Prepare report and final presentation



Governing Equations
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Transformed Governing Equations
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The Experimental Domain

Fuel Pool

Aqueous 

Film or 

Foam Layer 

(Domain 1)

Domain 2

Height = 20cm

Radius = 5cm



The Experimental Domain

Fuel Pool

Aqueous 

Film or 

Foam Layer 

(Domain 1)

Domain 2

Height = 20cm

Radius = 5cm



Current Simplified Domain

Axis-Symmetric

Cylinder

Radius = 5cm

Height = 20cm



Species Fraction Algorithm
• Upwind Differencing Scheme
– Backward Differencing on the convective terms

– Centered Differencing on the diffusive terms

•

• Constant flow 
– slip conditions

• Diffusion of        into

s

cm
cwu == ,0

2N2O

s

cm
D

2

25.0=










∆
−

∆−
+

∆
+−

=
∆
−

+
∆
−

⇒










∂
∂

+
∂
∂

=
∂
∂

+
∂
∂

−+−+−
+

r

YY

rir

YYY
D

r

YY
U

t

YY

r

Y

rr

Y
D

r

Y
U

t

Y

n

i

n

i

n

i

n

i

n

i

n

i

n

i

n

i

n

i

2)1(

12

1

11

2

111

1

2

2



Species Fraction Model

• Boundary 

conditions

• Initial 

conditions
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Vorticity Algorithm

• Solve

– interior and exterior points     

• Upwind Differencing Scheme

• With           , solve 
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Stream Function Algorithm

•

• Successive Over Relaxation (SOR)
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Stream Function Algorithm

• SOR with Chebyshev Acceleration

– Determining the relaxation parameter
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Vorticity and Stream Function 

Boundary Conditions
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Vorticity and Stream Function 

Boundary Conditions
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Timeline

• October – November
– Code Species Fraction Algorithm

– Code Stream Function/ Vorticity Algorithms

– Testing Species Fraction Code

• December – February
– Validation

• Stagnation flow solution from Leonard

• Species Fraction Test Cases

• Diffusion of Fuel Vapors in air

• March – April
– Apply code to Film and Foam data

• May
– Prepare report and final presentation



Future Work

• Debug Stream Function/Vorticity Code

– Test Cases

• Validation

– Stagnation flow Solution

– Species Fraction Test Cases 

– Diffusion of Fuel Vapors in air

• Introduce Pipe and Fritted Ceramic Disk

• Create the Film/Foam Layer Domain
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Questions?


