Natural Convection-Driven Propulsion




Overview

Experimental data taken from Mercier, et al. (2014) “Self-
Propulsion of Immersed Objects via Natural Convection.” Physical
Review Letters 12:204501

The system is analytically complicated, requiring coupled governing

equations for both fluids and heat transfer

Our goal is to construct a faithful simulation using OpenFOAM CFD
software, as well as an accurate but tractable model that we can
use to approximate the experimental and numerical results




Experiment
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Experimental setup, left, and experimentally measured velocity profile near heated edge, right. Figures taken from Mercier, et al.




Developing the Analytical Model
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CO m pa ri n g N U FO rm U I ati O n S Temperature-VeIcity Correlation for several Nu formulations
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Modeling Heat Transfer

0%T = 0°T
0x2 = 0y?2




Meshing

Modeled a stationary wedge
with fluid moving around it

Block Mesh

Divided Region into seven
blocks

Finer Meshes around the
wedge




Solvers

Steady State: no dt term

Added relaxation factor to help
converge
Reduces the amount p can
change over iterations

Polynomial fit of thermal
properties

Another option is a Boussineq
model with B constant

Pressure flux model

Solves for pressure without
gravitational influence

Allows constant boundary
condition on verticel walls

Used a Gauss Siedel solver for
pressure

Can solve both symmetric and
asymmetric matricies




Boundary Conditions

Approximations that need to Outlet:
fit the data inletOutlet Condition

Free movement of fluid, with

Temperature: :
average velocity

Zero Gradient
Constant pressure

Inlet:
Constant velocity
Variable Pressure (constant flux)

Surface:
0 total velocity
Free movement of fluid
Constant pressure




Velocity Profile near Heated Wall

5.00E-07

4.00E-07

3.00E-07 40200
030200

21600

014400

+8600
2.00E-07 = ST

1.00E-07

0.00E+00
0.08
Position on Wall




£958VT0
SESSYT'0
£0STYT0
TLY6ET0
6EVIET'0
LOVEET'0
SLEOET'O
EVELTTO
TIEVCT0
6LTTTT0
LYT8TT0
STZSTTO
€8TZTT0
TST60T'0
219010

880€0T°0
95000T°0
9€20460°0
9T66£60°0
9656060°0
[ 9/76/800
[ 9568%80°0
[ 9£98180°0
9T€88£0°0
16645400
11912L0°0
LSEL690°0
L£0£990°0
LTL9E90°0
£6€9090°0
LL09250°0
LSLS¥S0°0
8EYSTS00
8TTS8Y0°0
86.75%0°0
8LYYTY0'0
8STY6E00

8€8E9E0'0

8TSEEE0D

66TE0E00

64824200

65527200

6€72TT00

[ 61618100

[ 66515100

[ 6/2T2T00

965606000
£6£90900°0
66TE0E00°0

Position on Wall

$
°
9]
it
@
@
I
—_
@
L
=
>
5=
Q
o
g
>
=
)
a0
c
@
<
o
X

a8ueyd %




£9S8VT°0
SESSYT0
€0SZrT’0
TLV6ET0
6EVIET'0
LOVEET0
SLEOET'0
EVELTTO
TTEVCT0
6/CTCT°0
Lye8TT°0
STCSTT0
€8TZIT0
TST60T'0
19010
880€0T°0
9S000T°0
9€20.60°0
9166£60°0
9656060°0
9£¢6L80°0
95681780°0
9€98180°0
91€88L0°0
JAS YAV )]
L19/TL0°0
LSEL690°0
LE0L990°0
LT/9€90°0
£6€9090°0
££09450°0
LSLSYS0°0
8EVSTS0'0
8TTS8170°0
86.¥570°0
8L¥¥T¥0'0
8ST¥6€0°0
8€8€9¢0°0
8TSEEE00
66TE0E00
648¢L20°0
655¢vC00
6€¢Z120°0
61618100
66STST00
6L¢TC10°0
96560600°0
£6€90900°0
661£0£00°0
0

Position on Wall

'
S
9]
(@]
>
§=
O
o
o
>
=
)
00
c
<
©]
o

a8ueyd %




Average %Change vs Mesh Size
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Wedge Velocity vs Temperature
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Temperature at 0.1mm
Temperature at 0.2mm
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Velocity Profile




Discussion and Future Work

The concept works and the numerical data matches

Lessons learned:

Relaxation factors are good for efficiency, but don’t help until the code
works

Be willing to try many boundary conditions, even if they seem unlikely to
work

Finer meshes don’t always work

Future work:
Write in a shell code for iterative process
Try different shapes, temperature and heat fluxes




