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INTRODUCTION

Alden Research Laboratory Inc. (Alden) was contrabieWestfall Manufacturing Inc.
(Westfall) to evaluate the performance of the 3050 mixlr ¥y 2, and 3 stages. The objective
of this mixer is to achieve a low coefficient of valeat (CoV) of the injected fluid within a short
distance downstream of the injection point, with dlppressure loss as possible. This report
discusses the head loss and mixing capabilities of tdangpsab low head mixer installed in a 6-

inch pipe, with water flowing at 360-gpm.

COMPUTATIONAL MODEL DESCRIPTION

The model geometry was developed using the commercialllableathree-dimensional CAD
and mesh generation software, GAMBIT V2.4.6. The comjuuialtdomain generated for the
model consisted of approximately 2-3 million hexahedral atvdhedral cells.

Numerical simulations were performed using the CFDwsoft package FLUENT 12.1, a state-
of-the-art, finite volume-based fluid flow simulationgkage including program modules for
boundary condition specification, problem setup, and swluphases of a flow analysis.
Advanced turbulence modeling techniques, improved solutionecgerice rates and special
techniques for simulating species transport makes FLUPpHAITicularly well suited for this

study.

Alden used FLUENT to calculate the three-dimensiomalpmpressible, turbulent flow through
the pipe and around the flow conditioner. A stochaatigsotropic, two-equation &model was
used to simulate the turbulence. The anisotropic modsl nequired to properly resolve the
secondary flows that developed as a result of changgsoimetry. Detailed descriptions of the
physical models employed in each of the Fluent modulkesaaailable from Ansys/Fluent, the
developer of Fluent V12.1.



MODEL BOUNDARY CONDITIONS

The tests were conducted in 6-inch 1.D steel pip&astbeen determined through previous
testing that the mixer performs similarly at differflatv rates, provided the flow is turbulent, so
only one water flow rate was tested (360 gpm) at ambi@ssspre and temperature. A uniform
velocity inlet was imposed at the model inlet, which piaged 5 pipe diameters upstream of the
mixer inlet with a tracer concentration of 0%. A unifostatic pressure boundary condition was
imposed at the model outlet, which was placed 10 pipe teasdownstream of the mixer inlet
so that the impact of the mixer could be documentedascion of downstream distance. On

all surfaces, no-slip impermeable adiabatic wall boundanditions were applied with
roughness heights set to 0.00015-ft as appropriate forpspeel

To measure mixing, a 2% solution (7.2 gpm) of a traced fluth properties equal to that of
water was injected equally into two opposing 3/8” scheduler@ction nozzles directly

upstream of the mixer inlet. The injection nozzlesnua¢d 1-inch into the pipe, or 1/6 of the
pipe diameter, or % the height of the mixing tabs. Theing of the solution was then

monitored at 1 diameter (6”) intervals downstream.

Injection nozzle location with triple mixer configu @t



RESULTS AND DISCUSSION

The goal of the mixer is to achieve a uniform conceiotmaif the injected material in as short a

downstream distance as possible, with as little predssseas possible.

Pressure loss was measured across the flow condibgreamparing pressure loss across the
test section with and without the conditioner ingt@ll K-values were calculated from the
resulting pressure measurements, and do not include #ithpressure loss for the pipe under
normal flow conditions, or the resistance from thjedtion nozzles. The following k-values
may be used to calculate the pressure loss contribotithe mixer at other flow conditions.
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Mixing was tested in four configurations: a single mixedpable mixer with subsequent mixing
tabs aligned with the flow (in line); a double mixer wstibsequent mixing tabs offset by 45°;
and a triple mixer with subsequent mixing tabs aligned thiehflow (in line). After testing the
double mixer, it was found that the in line orientatiorfgrened better than the 45° offset

orientation, so for the triple mixer only the in linenfiguration was tested.

As expected, adding stages to the mixer increased perfornvaititéhe exception of the double
mixer with 45° offset after 7 diameters downstream. 4%feoffset configuration is not
recommended. A plot of the CoV of concentration is@néed at the end of the report, along
with color contours and pathlines for various mixer configjons. A table of CoV values is

provided below.
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CONCLUSIONS

With the injection locations described, the Westfall 305Kemiworks quite well in low-head
applications provided there are a few pipe diametersadblaidownstream for the flow to mix
fully. Since the device was originally designed a®w ttonditioner, it is also very effective at
mitigating any swirling flow. The low pressure loss clkgastics are very desirable for

pressure limited operation, and the raked angles prevaliido

Adding more mixers increases the mixing performance, thatgte cost of increased pressure
loss. It is recommended that subsequent mixers be algittedne another, and not offset, as

the offset orientation was found to impede mixing.



Westfall 3050 Staged Mixer
CFD Results
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CoV of Concentration in a 6-in ID steel pipe with 2 oping injection ports, and a mixed tracer concentrati®¥@




0.045

0.040

0.035 .
0.030
0.025 § /

0.020

0.015

0.010

0.005

Y- z
0.000 T

410509 _westfall_3000_staged_mixer_01
Contours of Mass fraction of tracer<|> Apr 23, 2010
ANSYS FLUENT 12.1 (3d, dp, pbns, spe, rke)

Profiles of concentration downstream of double in line 305&r. Average concentration = 0.02
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Pathlines from injection ports colored by concentrationrdiream of double in line 3050 mixer. Average concentratior92
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Profiles of concentration downstream of triple meli3050 mixer. Average concentration = 0.02
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Pathlines from injection ports colored by concentrationrdiream of triple in line 3050 mixer. Average concerdrati 0.02
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