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Figure 1. Centrifugal pump/mechanical seal showing barrier fluid flow
domain.

Introduction

The Fluid Seding Division of Chesterton isusing
FLUENT to help study and more fully understand the
effects of flow behavior on the design and operation
of mechanical seds. These types of seds are used
extensively in awide variety of industries to prevent
leakage from fluid handling equipment such as
centrifugal pumps and mixers. As part of an ongoing
development of new products, FLUENT is being
used to explore ways of improving the heat remova
efficiency of cooling systems commonly associated
with dual mechanical seds. Figure 1illustrates a
typica pump/sea arrangement in which pressurized
fluid (translucent blue) circulates through the sed
forming abarrier to prevent |leakage of the process

fluid. Another function of the temperature-controlled
barrier fluid isto remove frictiona heat generated at
diding interfaces between rotating and stationary
components. These components called sea rings or
faces are depicted in Figure 1. The blue faces rotate
with the purple shaft sleeve, while the red stationary
faces are prevented from rotating by the yellow flow
distribution channel which isfixed to the green sea
mounting flange or gland. Barrier fluid circul ates into
and out of the seal through two ports in the gland,
one of which isvisiblein the Figure.

Analysis Details

For the present study, a dual seal was examined for a
48-mm diameter centrifuga pump shaft (Figure 1).
The operating conditions were assumed to be 687
kPa, 66 C for the pump process fluid, and 1,031 kPa,
380 C (inlet temperature) for the barrier fluid. The
variables studied included the radia clearance
between stationary and rotating boundaries, taper
angle of flow control surfaces, shaft rotationa speed,
barrier fluid through flow, and key thermophysical
properties of the fluids. The FLUENT simulations
involved 3D modelsin the 160K cell range.
Convergence of the anaysestypically required
between two and three-thousand iterations. For
certain cases, the RSM turbulence model was needed
to obtain agreement with the experimental data.
Postprocessing of predicted results was performed
using the Data Explorer visudization software. All of
the CFD and data visudlization analyses were run on
Silicon Graphics I ndigo2 workstations. Figure 2
shows a cutaway view of acylindrical grid used for
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Figure 2. Gridded flow domain used for typical FLUENT analysis.

steady-state anaysis of the barrier fluid flow domain
shown in Figure 1. The red axially centered region of
the mesh represents the surface through which fluid
enters the domain. The corresponding outletsurface
(not shown) is likewise axialy centered in the flow
channel region, and displaced about 60 degrees
circumferentially in the clockwise direction from the
inlet. A representative set of boundary conditions
used for the CFD anaysisis depicted in Figure 3.
Figure 3(a) illustrates the rotating vel ocity boundaries

Velocity Boundariss

Statiorary
Figure 3(a). Velocity boundary conditions used for CFD analysis.

(yellow) consisting of the outer radia surface of the
sleeve, as well as the bounding surfaces defined by
the rotating seal faces and the radidly thin layers of
fluid between the sleeve and the rotating faces
(Figure 1). A matching set of thermal boundary
conditions is shown in Figure 3(b). The temperatures
are average surface values obtained from a
thermoelastic FEA analysis of the sed faces.

Adiabatic boundaries (purple) were assumed for
relatively low heat conducting surfaces.

Results

An important finding of the present study is that axial
circulation of fluid in the narrow annular spaces
between the flow channel and the warmer interface
regions of the sed can be substantially improved by
tapering the bounding surfaces of the stationary seal
faces and the shaft sleeve as shown in Figure 4. The
secondary (axia-radial) flow components indicate
the circulation patterns for atraditional, straight-gap
design (Figure 4a) as compared with those produced
by its tapered-surface counterpart (Figure 4b). In both
cases, the flow vectors (shown at the bottom 6:00
o'clock position midway between the inlet and outlet)
aswell as the domain boundaries have been colored
by temperature. Also shown in these views are
vectors representing the predominately
circumferential flow generated by the rotating inner
(sleeve) wall. For this example, the improvement in
fluid circulation leads to a 50% increase in heat
removal, a

FLUENT prediction verified by |aboratory testing. To
validate the accuracy of the CFD results, physical
experiments were conducted in the seal test
laboratory. The measured data were then compared
with the FLUENT analyses. One such case is
illustrated by Figure 5.
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Figure 3(b). Temperature and heat flux boundaries used for CFD analysis.
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Figure 4(a). Axial circulation of barrier fluid for typical untapered design.

Figure 5(a) shows a 3D representation of the
caculated fluid temperature in the flow channel
region, again for the tapered surface design. The
temperature rise from the inlet to the outlet of the
domain is predicted to be about 11 C. The
corresponding lab data (Figure 5b) indicate a
temperature rise of 10 C, within 1 C or 10% of the
CFD simulation. Computed increasesin fluid
temperature were used to estimate the heat remova
rates (Figure 4) and thermal efficiencies of the
various design/operational scenarios. Figure 6
attemptsto illustrate the physica mechanism
responsible for the improved performance of the
tapered surface design. Here, the distribution of static
fluid pressure near the CCW rotating inner boundary
is shown (foreground) aong with the pressure
distribution near the stationary sea ring boundary
(background). The pumping action induced by the
rotating sleeve causes the blue inlet surface to operate

Flow Channel Region
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Figure 5(a). Barrier fluid temperatures computed
for flow channel region.
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at alower pressure relative to the yellow higher-
pressure outlet. The fluid near the sleeve experiences
astrong centrifugal force directed radially outward
from the center of rotation. In the case of the tapered-
surface design, thisradial load has an axially directed
component which drives the flow away from the
central channel region toward the ends of the domain
where fluid sealing/heat generation occurs. Shownin
Figure 7 isasimilar plot of the near-surface turbulent

Figure 4(b). Axial circulation of barrier fluid for tapered surface design

kinetic energy of the flow. Here we see that regions
of relatively high turbulence (magenta) occur near the
sealing interface shown in the background and near
the inner rotating wall closer to the flow channel.
This situation is advantageous since the higher
turbulence and increased mixing help to promote heat
transfer where it is needed most. To better understand
the nature of the axial exchange of fluid and
associated thermal energy, traectories of fluid
particles released near the flow inlet were computed.
An example of these trgjectoriesis presented in
Figure 8 in the form of stream ribbons col ored by
fluid temperature. The
twisting nature of the
ribbons is indicative of the
local vorticity of the flow.

Figure 8 isactualy asingle
frame snapshot of an
animation sequence (below)
wherein the flow speed
(m/s) of the red-glyphed
particle is displayed in the
lower left and the el apsed

Figure 5(b). Laboratory data validating CFD results (Figure 5a).
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