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1. Introduction Model Parameters include solids-fraction ¢; solids- —028 | | |
Modeling gas-solid flows typically requires very fine velocities ug, vg; cylinder diameter D, and spacing hypercube d_esign) was used to c_onstitute a closure ¢f;0_‘03 ©
computational grids, making it impractical for full scale dcy1, While the quantity of interest Is the cylinder- for the effective cylinaer-suspension heat transter trv =042 :
applications. To overcome these issues, we use suspension heat transfer coefficient fgs. coefficient using Gaussian processes and 0
coarse-grid simulations with sub-grid filtering models?2 multivariable fractional polynomial regression®. 3Fr o o -
to approximate the unresolved physics. This research 4. Numerical Methods hegs = f (qbs»quvs:DC_yl'aCyl) | < [ o ©
extends these methods by developing a model tor Simulations were run using the open-source finite- The plots below show the simulations results (discrete °r 0 o -
heated gas-solid flows with immersed heat transfer volume CFD code Multiphase Flow with Interphase points) and proposed mOde'_(SOLISd lines). Asterisks o .o o
cylinders. eXchanges (MFIX)# using the Eulerian-Eulerian two- denotse dimensionless quantities®. Ir Ooo 0 ,° o %, "o o° o |
L HEREEEEEEEE fluid model, where both phases are o Lyt =0.03 N &*::'1.'26 : ; Z °| - ° 8| o ° I° o ° | °°
............... treated as interpenetrating continua. - v, =0.42 af — 97| 1 2 3 4 5 6 7
e o e e Modeling the curvature of the cylinders | blocked i 4 D:, =3.42 o I D,
‘ “ RN T is accomplished through the cut-cell y cells / j — =373
--------------- et method® where the cells are truncated Seezes 3 0 az, = 5.00 |-
: T B e o o : :
| toconform closely to the geometry.  Lfluid cells 4 i< | © o { /- Conclusions and Future Work
I R 2 | — Through sub-grid filtering, we constituted a closure
oW s e o 5. Filtering Model 0 ———— ~ o ]  modelto approximate the cylinder-suspension heat
A | P oo e s s S o T Sy 0| e RS st o
Iculated by summing the energy conservation © O o %0 "% © . T L yi
gzuations for the gas and solids phases and ol . . P09 geometry. This work Is ongoing and Is currently being
i I _ ) _ 0.0 0.1 0.2 0.3 0.4 0.5 0.6 extended bv:

2. F”termg Methods iIntegrating over the domain volume: b. y

Sub-grid filtering is based on Large Eddy Simulations?
for turbulence modeling, where many fine-grid
simulations are averaged to constitute the closure
models. The general filtering procedure follows:
1. Construct unit-cell domain from the full domain.
2. Select model parameters (i.e., model predictors).
3. Design and run simulation campaign, varying
Input parameters over their respective ranges.

0t(PgpgCpgTy) + V- (dgPgCpgVgTy) =V - (PgkgVTy) + Hys
t at(gbspscp,sTs) + V- (¢SpSCp,SVSTS) =V (pskVTy) — Hgs + ns

_ 1 :
chs — Vj;/[at(gbgpgcp,g’rg + (l)spscp,sTs) o Hs] dV

Based on heat transfer theory, we propose a model
that Is linearly dependent on the temperature

difference between the suspension and cylinders, AT:

g5

e

* running a larger, tertiary campaign (factorial
design, 625 simulations),

 reformulating the closure models more generally
as functions of Reynolds and Prandtl numbers,

« and verifying, validating, and quantifying the
uncertainties of the model.
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