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Oscillatory Flow Mixing (OFM). Wave Energy devices
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Ficure 17. Gmnpanmofthcccpmmhﬂyobmwdhmcdmyofadllamibrthcmmtmpame
experiment. Starting amplitude in both cases is 6 cm. Figure 174, parallelsided tube; figure 175, bell-

} mouth tube.
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Fioure 9. Schematic diagram showing the sequence of eddy formation associated

with the transient responsc experiments for a parallel-sided tube.
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m(mmnm:wm(mmmuwmm Full oacillation shown for four right-angied
G-u—7 bend section. Starting amplitude =11 cm in all cases.
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Fig. 2. Schematic diagram of cylindrical section duct. Baffic design shown as insert (dimensions in mm).
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Oscillatory Flow Mixing, (OFM).
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Abstract—We report experimental heat transfer

for the flow of a lubricating cil on the tube

measurements
side of a shell and tube heat exchanger. Results are rcported for the case where there is a steady net flow
through the smooth walled tube and where periodically spaced baffies have been inserted. Results are also

when flow oscillations are su

scd on the net flow. A significant increase in the Nusselt
present.

number is reported for the system when both ﬂow oscillation and baffles arc

INTRODUCTION
In a recent publication (Brunold er al, 19891 it has
been shown that vigorous uldy mmng can be
achieved in a tube by introd

expected that a significant change in both heat and
mass transfer could be expected, and in this paper we
present our pnhmmnry findings on the heat transfer

‘baffles into the tube and applying a reversing oscil-
latory flow. In addition, if a nct flow is applied, under
certain conditions a ncar plug flow residence time
distribution can be obtained from the device (Dickens
et al., 1989; Howes, 1988). The implication from this
result coupled with direct flow visualisation observa-
tions suggest that each interbaffle region is behaving

essentially as a continuous stirred tank with uniform’

mixing being achieved throughout the tube. Eddy
shedding from the sharp edges of the baffles

appear to have been re-
ported hdun under these geometric and fluid mech-
anical conditions, although Rowley and Patanker
(1984) have carried out numerical simulations for
steady flow in baffled tubes and Bellhousc and Snuggs
{1977) and Dorrington et al (1985) have studied the
effect of fluid oscillations on mass transfer in furrowed
channels.

excellent global mixing with the mean radial and axial
velocity components of the same order of magnitude.
Under thesc fluid mechanical conditions it might be

EXPERIMENTAL
A sch ic - di of the used is
shown in Fu.l and & more detailed tpml'aauon
given in Table 1. L ing oil at a

60°C was pumped into the double-pass, stainless suzl
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Fig. 1. Schematic diagram of heat transfer apparatus.
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Fig. 2. Graph of Ny, as a function of Re,. (+) No baffles, no
oscillation. ( x ) Baflles no oscillation. (=} Sieder—Tate cor-

relation.
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ENHANCEMENT OF GAS-LIQUID MASS TRANSFER USING
OSCILLATORY FLOW IN A BAFFLED TUBE
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L Fig 8. Graph showing the effect of baflle geometry on oxy-
'  gem uptake rate: (a) orifice bafflee frequency =8 Hz, x,
ﬂ © = 4 mm; (b} helical baffles frequency = 8 Hz, x, = 4 mm; (c)
cmu:lbaﬂhﬁequency=81{z.xo=4mm;(d)nobamu
Fig, 1. Schematic diagram of the apparatus. and no oscillation. U, = 0.74 mm/s.
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1990s

1990s; “Industry will commercialise OFM technology”

1. 1CI Wilton,
Nylon Monomer.
Pilot plant kg /nr for 2 years

2. BP Sunbury
Pilot OFM Plant
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Chem Eng Oscillatory Flow Reactor (OFR)

—!
- Oscillator Base Unit
- Feed Inlet section
- Shell and baffled tube vessels
eedin i Preacecn - Product outlet section
iston I i
¥
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Biodiesel Reaction Progress
along Reactor
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Full-scale OFR reactor

* 0.55 m3 total volume
* Re,=500, Re,=2000
=4 Hz, x,=2.4cm

« 4 X 150mm tubes @
3.om

2 units @ 1.1 m3/hr

. Approx 50 tonnes/day

Paul Stonestreet 16



Prof Xiongwei Ni

[UiTech
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The OFM Meso Reactor

System configuration

baffled tube,
diameter d

Orifice baffles:
spacing 1.5d
orifice size 0.5d

20005 Nuno Reis, Minghzi Zheng

System configuration

Meso tube,
diameter d

Smooth constrictions:
spacing 3d
Minimum constriction

diameter 0.4d




35mm, V~4.5mL
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The meso-tube and dimensionless groups

« Governing dimensionless groups
27t % pd
U

» Oscillatory Reynolds number Reo=

Fluid oscillation Reynolds number

» Strouhal number St = a

47X,

The ratio of tube diameter to
amplitude

d=5.0 mm, A=15.2 mm, h=1.6 mm,
0=6.4 mm, B=45° Ud
»Net flow Reynolds number Ren=—"—
y7i

Smooth Periodic Constrictions
Oscillatory flow Meso-Reactor Fluid net flow Reynolds number
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Experimental and Modelling

Experiment setup

Numerical Modelling

Phase position for an oscillation cycle

The 3-D hexahedral mesh for simulation (Fluent®)

(1) = 2 7%, cos(2fl)

2

m(t)=p-u<t)-”f

*Periodic boundary condition

21




Chem Eng
LLab Meso Reactor
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RTD experiment set-up

fe" __Jlll\Ul
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Dispersion model

The pulse starts spreading and this can be
caused by many things: velocity profile,

A pulse of tracer ; :
turbulent mixing, molecular diffusion, etc.

attimer=0

Symmetrical and gaussian
at any instant

1

: |

Pulse input Measurement
(8-input) point

Governing equation Imperfect injection method; numerical fitting

oC 2 c(ty=—U P - 2
_Dbo C22_8C o (t) [ ety = TR({t)=,|— exp{ i (1_£j
00 uL oz oz oL 0 Ant M/ 7
u
U

N s z
A =2 {C.(0)-C.1)} <= C,(t)= [TR(t-p)C.(p)dp
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Model fitting

Net flow without oscillation
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Liquid-liquid dispersion

b) f=10Hz b) x,=4 mm
Silicon oil (4.6mPas,2.5%) mixing Silicon il (4.6mPas, 2.5%) mixing
with water at xo=2 mm with water at f=6Hz
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Particles in suspension

Instantaneous velocity vector maps of fluid phase at Re, = 625,
X, =2 mm, f = 10.0 Hz at vertical position in the presence of 3%
(v/v ) amount of ion-exchange particles
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The BT 1000

Haematococcus pluvialis growth in the BT1000
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What went right with OFM invention.

The science was a lot of fun

What went wrong.

Lack of focus in pushing the technology
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Note added in 2021

* OFM has still not fulfilled its
real potential.

 Prof Xiongwel Ni continues
to pioneer reactor Technologies
with his company Nitech.

* There Is still exciting possible
application development of
OFM.
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