Micro-scale two—phase flow dynamics
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From Macro-scale to Micro-scale

o o RZEE, HEHSE, AAET (ET - RH)

® Anancient Chinese philosopher said: suppose you take a meter-long wood stick and cutoff

half of it each day; you will never reach an end even after thousands of years!
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Multi-scale physics

Nano Micro Meso Macro

scale scale scale scale

Continuum

mechanics

star formation

by SPH
Micro-
continuum
mechanics
Quantum
mechanics
5o
Cdp 5Zng 5S-EN10 nanorod
| | | 1 | | |
pm nm um mm m km length

KState Key Laboratory of Multiphase Flow in Power Engineering

»2014-04-21

»2



ra
Multi-scale modelling

Multiscale Modeling Framework
simulation

Process and plant ‘

Computational fluid
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Multiscale modeling framework for catalytic processes that exhibit strong coupling between scales,
Adapted from Viachos, Adv. Chem. Eng. 30, 1-61 (2005)

http://www.efrc.udel.edu/modeling html
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Multi-scale modelling
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Heat Transfer and fluid flow in minichannels and microchannels .Kandlikar.S. et al.2006
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Multi-scale modelling
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YL He & WQ Tao, Journal of Heat Transfer, 2012, 134:031018-1
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Multiphase flow
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chemically uniform, physically distinct, and (often)
mechanically separable. (wikipedia)

® A phase is a region of space (a thermodynamic system), throughout

which all physical properties of a material are essentially uniform.

* A simple description is that a phase is a region of material that is

* Each of the phases is considered to have a separately defined volume

fraction (the sum of which is unity) and velocity field with distinct

interface, either deformable or not.
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Multiphase flow
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Two-phase flow
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Gas-liquid two-phase flow

sj TwoPhase Gas-Liquid Flow
oo Visualization Test Clip
Inclination :

ReSL : 11500

July 27, 2010

Swanand Bhagwat

E S Rosa et al 2012 Meas. Sci. Technol.
23 055304

http://ghajar. ceat.okstate.edu/
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Liquid-liquid two-phase flow

cormon.com

: (5 W
http://www.epchina.com/2011/1222/28640.shtml
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Gas-solid two—phase flow

Fluidized bed
Osaka University
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Solid—Liquid two—phase flow

Zalman launches world’s first CPU

liquid cooler using nanofluids

Coal slurry

http:/ /www.citizenscoalcouncil .org
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Multiphase flow

Oil-water-gas-sand
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Micro—particles in Macro background
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David B. Kittelson, J. Aerosol Sci. Vol. 29, No. 5/6, pp. 575-588, 1998
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Micro time-scale
® Vascular dermatosis

Hemangiomas

° Pigmentary dermatosis

Ota’snevus  nevus cell nevi melanoma coffee speckle age pigment
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Micro time-scale

h
pore of =

sweat galnd

1998 Encyclopaedia Eritannica, Inc.

epidermmis | |

arrector
pili
musele

dermis

[ swesT |
gland

subcut aneous
Tayer

sehaveous
glands

— wenous blo
—arterial blopd

Absorbance (cm™)

20,000
10,000 7§

1000 §

100

KState Key Laboratory of Multiphase Flow in Power Engineering

1000
Wavelength (nm)

5000

I

KState Key Laboratory of Multiphase Flow in Power Engineering

Micro time-scale
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Micro time-scale
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Three bubbles are used to actuate the
micro-robot parallel micro manipulator based on the micro gas bubbles

Wei Dong et al 2012: ]. Micromech. Microeng. 22 057001

KState Key Laboratory of Multiphase Flow in Power Engh]?e'e%n]gink etal., Phys. Rev. Lett. 92, 054503 (2004)
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Micro- Particle/Cell

http:/ /www.elmat Ith.se/ forskning/ Ilanol)i()technolog);an d_labonac

\ S \ - hip/research/rapid_bacteria_separation_in_food_stuff/
7 Y — @ Normal RBC
@ Malaria-infected RBC Inlet

@ GO/G1 phase
® S phase
@ G2/M phase

DAPI-stained /RBCs

Lab on a Chip, vol. 10, 2605 (2010) ) >
Outlets
http://web.mit.edu/smart/research/biosym/BioSym-Sub-projects-
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Exercise 01

® Please give the description of micro-scale flow/heat transfer

related your research.

To be continued......
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