Direct Numerical Simulations of Annular Internal Condensing Flows
Ranjeeth Nalk, Soumya Mitra, Amitabh Narain, Nikhil Shankar

Michigan Technological University, Mechanical Engineering, Houghton, MI, USA. Eng%ENCE
Acknowledgements: NSF - CBET-1033591 BOSTON
Emerging Trends I Phase -Change Flow Appllcatlons | | Results | |
. e s AT ey T | = Shear Driven Condensing Flow  Gravity Driven Condensing Flow
eloci L.5 -
E Il'5 egnitode| 2 Visgnitude
§ (m/s) 3 (m/s)
= g e L e TR, L e :é:’ 0.5 g 0.5
Electronlcs/Data Center Coollng Space Based Appllcatlon : I £
http://lwww.pgal.com/portfolio/rice-university-data-center http://spaceflightsystems.grc.nasa.gov qé u:—)
Figure 1. Condensing and Boling Flow Applications g ; 5
A . _ \ - 01 02 03 04 5 07005 01 015 02
Gravity Driven Condenser Shear/Pressure Driven Condenser Distance along the length of the condenser, (m) Distance along the length of the condenser, (m)
A Fowregme Reaimey Reny Ao PlugiSiug Regime ;?35.?#2 Figure 5. Near interface streamline patterns showing differences In
Ee \/‘J*E& LL/J () w0 & = || |[flow physics for a condensing channel flow between a shear-driven
Length of Full Condensation Length of Full Condensation and a 2 degree Inclined gravity-assisted [1] condition. FC- 72 vapor
~ength of Condenser : ~ength of Condenser ; (., = 0.4 g/s, AT = 17.45 deg C, and h = 2 mm) is used. Shear
| _ - _ | ) driven case streamlines show a tendency to lift-off - indicating a
Figure 2. Schematic of gravity driven/assisted versus N more un- stable behawor I
: nlet Ime = "1.L30 3
shear/pressure driven condenser Velocity, U™ vapor | N (. s
Gravity Driven/Assisted Features Shear/Pressure Driven Features = s 47 —a). - A N f\ | Vo vk
. . . . . g N | AT (R MEnergy
* Ground Based - Vertical/ Inclined -+ Horizontal Configuration/Reduced i 0,055 \ \ | ’\\ \ /\\ /’\ \\ ,\
Configuration Gravity engy = U . K [OT/0n] € o | | \\ / \\ \\ ‘ \\ / \ w \\ /\\ »
Large Annular Regime Lengths Smaller Annular Regime Lengths { = -py (Vi — V). ;§0045 B Vo \/ \\ \\ / '\\ /\~
: : " /@Liquid g oV |
*Thermally/Hydrodynamically *Thermally/Hydrodynamically ///)q/u'///////////4///////////////// IR R 7R X T—T o\iz - 022 o4
efficient inefficient C(C);C;ensmg Surface Distance along the Ie&ntg;t)h of the condenser, x (m)
« Still not sufficiently efficient for » EXtreme sensitivity to ever present Figure 6 (a).CondenSing flow schematic showing the three
electronic cooling applications noise and lack of repeatability independent methods of computing the interfacial mass fluxes
Prediction capability needed for scientific understanding and (ka/m2-s) which need to be made accurately equal.(b) Interfacial
successfully designing high heat-transfer condensers and boilers. e L. . . |
mass fluxes at any specific time instant during an unsteady
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Figure 7. The 0 m < x < 0.57 m steady and unsteady simulations
for an experimental case. The Initial disturbance att =0 s (with
three different wavelengths) and its unsteady evolution at t = 0.05
s are shown. The steepening and growing wave front around X ~ X,

Figure 3. Schematic of a condensing flow problem showing
boundary conditions. A sharp interface model along with single-
phase solution approach for separately solving (using COMSOL

solvers) for liquid and vapor domain flows are used.
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