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Longitudinal Dispersion in Pipes
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G. |. Taylor (1953, 1954)

1. Concentration profiles are Gaussian (a certain time after injection)
and described by Fick's second law:

1 ( (x — uf)2>
c(x,t) = —exp| — =
47D 4D yx !

Concentration

2. Taylor derived two equations for D,.,:

Distance

Laminar Flow (Re < 2000): Turbulent Flow (Re > 4000):
D, = r’u”/48D,, D,, =10au,




Mixing Mechanisms

Mixing mechanisms:

« Molecular diffusion (10-'° to 109 m?/s)

« Turbulent diffusion (103 to 10-'m?/s)

- Differential advection (1 to 103 m?%/s)

Injection point X1 Xy X3
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Mixing Mechanisms

Mixing mechanisms: -

« Molecular diffusion (10-'° to 109 m?/s)

« Turbulent diffusion (103 to 10-'m?/s)

Concentration

- Differential advection (1 to 103 m?%/s)
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G. |. Taylor (1953, 1954)
1. Concentration profiles are Gaussian

and described by Fick's second law:

. 1 (x — ut)?
c(x,t) = —exp (— 1D_f ) Assumes flow is
' highly turbulent
(Re > 20,000)!

Taylor derived two equations for D, :

Laminar Flow (Re < 2000): Turbulent Flow=Re->—40663--
D, = r’u”/48D,, D,, =10au,




Steady Tests: 2000 < Re < 20,000

1. Concentration profiles are Gaussian (a certain time after iniection)/
and described by Fick's second law

2. Taylor derived two equations for D, /
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Steady Tests: 2000 < Re < 20,000

1. Concentration profiles are Gaussian (a certain time after injection) X
and described by Fick's second law

2. Taylor derived two equations for D, X
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Steady Tests: 2000 < Re < 20,000

ol Hart et al (2016)
— — — Taylor (1954)

+ ¢ Regression
Critical flow
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Hart et al. (2016):

Pxx = 1,17 x10%Re™25 + 0.41
ud




Steady Tests: 2000 < Re < 20,000

Concentration profiles are Gaussian (a certain time after injection) X
and described by Fick's second law

Taylor derived two equations for D, /
e 2000 < Re < 20,000: Use Hart et al. (2016) for D, —_~ . . L
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Steady Tests: 2000 < Re < 20,000
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Steady Tests: 2000 < Re < 20,000

1. Concentration profiles are Gaussian (a certain time after iniection)/
and described by Fick's second law

e Turbulent flow: Gaussian transfer function is reasonable

2. Taylor derived two equations for D, /
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Steady Tests: 2000 < Re < 20,000

1. Concentration profiles are Gaussian (a certain time after injection) x
and described by Fick's second law

e Turbulent flow: Gaussian transfer function is reasonable

2. Taylor derived two equations for D,, /
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Steady Tests: 2000 < Re 20,000

1.0

<
o0

g
N

Coefficient of determination, R?
=

<
~

S
O
T

S
(@)
T

| | | | | | |
2000 4000 6000 8000 10000 12000 14000
Reynolds Number

16000



Gaussian ‘a certain time after injection’

CONTINUOUS FLOW SYSTEMS. DISTRIBUTION OF

RESIDENCE TIMES
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 Turbulent flow = 2 seconds

 Laminar flow = 2 weeks
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Steady Tests: 2000 < Re < 20,000

1. Concentration profiles are Gaussian (a certain time after iniection)x
and described by Fick's second law

e Turbulent flow: Gaussian transfer function is always reasonable

e Laminar Flow: At small times from injection, assume no radial mixing
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Unsteady Tests
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Unsteady Tests
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Werner & Kadlec (1996) :

‘Flow weighted time’:

$(t) = V1 f (D) dt
0




Unsteady Tests

1. Concentration profiles are Gaussian (a certain time after injection)
and described by Fick's second law

e Turbulent flow: Gaussian transfer function is reasonable
e Laminar Flow: At small times from injection, assume no radial mixing

e Unsteady flow: Replace time with ‘flow weighted time’

® Hartetal (2016)
— — — Taylor (1954)

+ ¢ Regression
Critical flow
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2. Taylor derived two equations for D,
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e Turbulent/Turbulent: Use mean, ‘as steady’ D,, = f(Re)
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Unsteady Tests: Turbulent to Turbulent
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Unsteady Tests: Turbulent to Turbulent

1. Concentration profiles are Gaussian (a certain time after injection) /
and described by Fick's second
e Turbulent flow: Gaussian transfer function is reasonable
e Laminar Flow: At small times from injection, assume no radial mixing

e Unsteady flow: Replace time with ‘flow weighted time’

® Hartetal (2016)

e Turbulent/Turbulent: Gaussian transfer function is reasonable — — — Taylor (1954)
+ g Regression
100k + Critical flow

2. Taylor derived two equations for D,, /

e 2000 < Re < 20,000: Use Hart et al. (2016) for D,

Dimensionless Longitudinal
Dispersion Coefficient D__/ud

e Turbulent/Turbulent: Use mean, ‘as steady’ D,, = f(Re)
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Unsteady Tests: Laminar to Turbulent
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The story so far...

1. Concentration profiles are Gaussian (a certain time after injection) ?(
and described by Fick's second law

e Turbulent flow: Gaussian transfer function is always reasonable
e Laminar Flow: At small times from injection, assume no radial mixing
e Unsteady flow: Replace time with ‘flow weighted time’

\ e Turbulent/turbulent: Flow, profiles are Gaussian /

e Laminar/Turbulent: flow profiles are disaggregated/NOT Gaussialx

. Taylor derived two equations for D,, v/ )
e 2000 < Re < 20,000: Use Hart et al. (2016) for D,
_ e Turbulent/Turbulent: Use mean, ‘as steady’ D, = f(Re) )

e Laminar/Turbulent: ???X



Laminar to Turbulent Accelerating Flow
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