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Motivation

* Power generation in the US is the primary source of water usage in
the country
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* Reduce water consumption approaches:
* Increase condenser efficiency
» Retrofit plant to recirculating or dry condenser
* Recycle water withing the plant for other applications



Increasing condenser efficiency
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* Increase condenser efficiency by increasing shell-side heat transfer
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coefficient using Nelumbo’s droplet ejection coatings




Droplet Dynamics Model

LBL deliverable is to develop a microscale
droplet dynamics based thermal model for
Nelumbo’s inorganic coatings on the
condenser surface to understand the physics
of thermal transport of their coating and
guide further design

L. Brockway, et al. (2017)




Simulations of fluid flow at different scales

Navier-Stokes Dynamics A

* Conservation of mass, momentum, and
energy at the continuum scale

Computational efficiency per

volume

Lattice Boltzmann Method © Molecular dynamics  Lattice Boltzmann Navier—Stokes
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Droplet Dynamics Model

* Simulations that have focused on both
nucleation and growth are done using MD, **"*2*rcc uitca
where the length scales aren’t applicable

(a) z 2
* 2D LBM used to model dropwise :
condensation heat transfer to investigate
effects of surface wettability, surface Zoute Presue BT, 7
microstructure and subcooling degree on . Sawratedvopor | /| LA
the condensate dynamic behaviors. ~= T‘“:O'%TC; | i/ A A4
* Goal: Extend LBM to 3D, with features like ]_ LLLi d - e

X Bounceback B.C.

Nelumbo’s reentrant jumping droplet
surfaces
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The nodes represent your system




The nodes represent your system

* Here, we are using a D2Q9 system
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Macroscopic density & velocity

* Lattice Fluid Density

p = Z?=1fi

* Lattice Fluid Velocity
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Governing Equation

1
| fl(x + eigt' t + 6t) — fl(x + t)J\_ ; [fl(x: t) o fieq(p’ ueq)] }

|

Streaming Collision

* Collisions of the fluid particles is considered as a relaxation towards a local
Equilibrium, in the D2Q9 case, towards the equilibrium distribution function.

Here, fieq (p,u®?)is the Bhatnagar-Gross-Krook (BGK) approximation
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Force on Fluid Component

* Force on component o:
F (x)=-Gy_(x, J‘)Zwﬂyf_(x +e Att)e, = —Gpazwlpael

o O Indicates the other fluid component. t=1

e Vo =pPsand ¥y =ps

 Strength of the interaction potential between component is a Green’s
function:

0,|x —x'| >c
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Macroscopic velocity

» Before collision, the fluid velocity on a lattice node x is
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* |In the absence of a force, collision leaves the momentum and velocity invariant (never changing). The
only mechanism that can change the fluid velocity during collision is a body force:

e Lo Lo, F@A
W) = p(x)zi:f"(x)c“ p(x)zilf’(’”"”+ p(x)

* denotes post-collision
* We know that a the physical fluid velocity during a time step is the average of the pre-and-post-

collision velocities:
u(x) + u*(x) 3 F(x)At

> u(x) + 2 0(x)

ur(x) =

* The equilibrium distribution function is computed from a composite macroscopic velocity
(u’=represents the flow of the bulk fluid)

1 O
DD e,
a0 a
D Ep
I'F o
T

u(x) = u'=



Outline of LBM
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Define distribution function

Time loop

A 4

Calculate density & velocity

A 4

Calculate equilibrium distribution
function using BGK model
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Collision Step
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Streaming step

A 4

Calculate new distribution function
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Shan and Chen Simulation Results

t=0 time steps t=80,000 time steps
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Next Steps on Simulation

Tsat, Psat

Periodic Periodic
BCs BCs

Tcold



Mini Condenser System
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Concluding Remarks

* Developed Shan and Chen model as a starting point to LBM
* Will continue to expand on the model to eventually include reentrant surfaces

* Finalizing design on mini-condenser system for model validation
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