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RESULTS

OBJECTIVE NUMERICAL COMPARISON

"Develop a computational model of fluid flow in a pipe to pro- STEADY STATE FLOW MODELING CHEMICAL REACTION MODELING (A+B-C) Model Verification Study
vide analysis of pipe plugging which has been reported during _ _
transfer Operations at DOE sites. 0.016 1 T == Test Configuration Case 1|Case 2|Case 3|Case 4|Case 5
=~ —F=T Particle diameter (um) 14.4 | 37.7 |129.5|182.3 | 203.9
*The model uses a multi-physics simulation software, COM- 0 sec 100 sec 200 sec | Solids Density (kg/m3) 2500 | 7950 | 3770 | 2500 | 7950
SOL, to simulate and predict the plug formation process in a ' : ; ; ' - - 4 | | Solids volume fraction (%) | 9.8 9 3 3 7 7 2 30
high-level wasle pipeline In a stepwise approach. o V4 HENT Liquid density (kg/m3) | 1146 | 1647 | 1151 | 999 | 1026
The figure above shows that velocity is greatest in the center and goes to ze- PN % /17 | °° :
ro at the walls of the pipe. The black arrows represent the parabolic profile as \ \ | ' " | o & oal |
*The objective is to provide better understanding of the interac- the flowfravels along fhe pipe length. l
tions between critical flow velocity, chemical reaction with for- ' neraltets 300 sec 500 sec 350
mation of solids, and solids settling, and ultimately plug for- 300
matiOn . é 0.02 0.004 \ . é 222
«Initial simulations were conducted for fluid flow, chemical re- oy e g et el St 1 e fo feld o fow elng st wes sod s T T shoe srove syl progres e 2 1o 1 —‘
. . . - " " " 0.00 ‘ -\ 0 they underwent hemical reaction at time intervals of 0, 100, 200, 300, 400 and 500 nds is shown in the abov tion in ipe. Th ncentration of the reactant - 0.50
actions and SOIIdS Sett“ng USIng d 2D mUItlphase S|mUIat|OnS. ! h Hot e oo o o figeu);e. Thee cgnCSn?ra?ioanf perggu(c):t s?)eciez waz fc?usnc(I)to be the highest at the i?mer wallsci‘ctze slbf)v?/ r:s the rovx?rioSeg cioesAandpg dec?rg:se(::ase:hgy get c?)niacr:naed.SAStF’:ﬁe -.I
Veloity (m/s As the I]iIO\;v re]ntelrs the Terl]bow, it deviates from its p(rjimaryliI path ﬁnc:] accelerlates towardsdthehin- towards the outlet. This was due to the higher velocity observed in those areas. The residence time of the reactants was same time the concentration of product species C in- 0.00 \ Case 1 Case 2 Case 3 Case 4 Case 5
Th al s W d with experi | Its with w ner wall of the elbow. This in turn creates a secondary flow w iC reacce erate§ towar §t e Iow_er at the higher velopity areas resulting_in the production of species C ir_1 those sections. This was characterized by creases as it gets produced. ® Empirial Correlations (m/s) 058 0.82 1 58 161 3 20
lThe W()rk W||| be used to provide analysis Of the envir()nmen_ theecr;l;?eerrfﬁja;drgrs]?etr?ngearehcc);ﬁg;?;lepipet ofo%edflrmedri];?n;i:;d 2t8 maitner as ﬁi‘gﬁrvvevﬂéff;?fngzggsﬁzgﬁ[%Et'gg'bTyhrZS%%?ﬁftt:-ggrﬁﬁgersacceleranon results in formation of an increased concentration of product species C (red color) observed at the inner wall of the elbow and thereafter. N PNEL Experimental Values (m/s) 0.37 0.76 0.91 121 2 03
] ] length. The numerical results matched closely with the experimental data. COMSOL Results (m/s) 0.60 0.80 150 155 3 50
tal factors causing plug formation.
TWO PHASE FLOW MODELING . . The numerical results were a good match with the experi-
N U M E RI C AL AP P RO AC H Particle Size Vs. Critical Velocity Solids Density Vs. Critical Velocity Influence of Elbow on Settling of Solids mental results and demonstrated the use of COMSOL Mul-
— — _ tiphysics 4.3b to accurately simulate the settling physics.
Flow Modeling Velocity: 0.5 m/s . Velocity: 0. No settling
Mass Equation CFD Modeling e E
au av 0.038
~' — FUTURE WORK
e " Velocity: 0.8 m/s i Velocity: 0.8 m/s {003
R =Future work will include simulating plug formation via precipi-
(a5 +v5y) = e wu e, Flow Modeling ———————— __ Settling along ¥ | tation kinetics and investigate the chemical flow relationships.
Y (A N NS 1 Velocity: 1 m/s Velocity: 1 m/s the inner wall *The models will also be simulated evaluating the influence of
i —— Velocity: 1 m/s pipeline components on the settling dynamics.
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