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Abstract The effect of fine particles on turbulence damping and reduction of flow friction coefficient
inribleted pipes, have been investigated experimentally. Tests have been conducted in aribleted pipe with
hydraulic diameter of 18.6 mm, and 20 streamwise riblets of 1.8 mm depth, along the pipe. Flows of water
tap with Reynolds number from 5000 to 30000 were compared with flows containing silt-clay particles
and stone powder of less than 63 micron sizes. In the flows containing 1.6 kg/m?® of stone powder, the
pressure drop along the pipe reduced by 25 percent, and with flows containing silt-clay particles, the
pressure drop reduction was about 15 percent. Reduction of friction, in flows containing fine particles,
may be due to the interaction of particles and turbulence generated at pipe boundary, and damping of this
turbulence.
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INTRODUCTION

More than a third of the world energy is used for
residental and commercial space heating and air-
conditioning, residental and commercial waterheating
and industrial petrochemical processing. In these
applications, heatexchangers play amajorrole. A ten
percent efficiency improvement in the cited

International Journal of Engineering

applications would save over 3 million barrels of oil
per day and reduce atmospheric CO, emissions [1].

Particles in the flow reduce the turbulent intensity
of boundary layer. With smail particles, most parts of
the boundary are smooth and in tumn the friction
factor will decrease [2]. With the presence of particles,
the heat transfer coefficient could significantly
increase. Kianjah & Dhir reported that the relative
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enhancement was accentuated when mass flow ratio
of solids to fluids was increased, but it diminished
when flow Reynolds number was increased. The
enhancements were caused by the interaction of the
particles with the wall. From a mechanistic model of
the transport in the turbulence dispersed flow, the
increase of turbulence intensity showed that it would
increase thermal diffusivity in the flow which could
predict the enhancement of heat transfer coefficient
[3]. While increase of heat transfer coefficient will
increase the heat exchnage efficiency, itmay increase
the friction coefficient factor as well. It is most
advantagous to increase heat exchange efficiency
and decrease the head loss at the same time.

In arelative movement between a body and fluid,
energy is consumed due to drag force. To reduce this
energy consumption, it is necessary to recognize all
the effective variables of drag force in orderto reduce
the drag. In most internal flows, considerable energy
is needed to pump the working fluid. The technology
yet is awaiting to find reliable and effective ways of
reducing pumping cost. Most internal flows are
turbulent and the shear force or friction is related to
the condition of turbulence in the boundary layer.
The theory of turbulence is not yet completely
understood and experimental studies are still the
most reliable ways in investigating turbulent flows,
especially when dealing with additives of particles or
bubbles in the flow. Previous studies show that it is
possible to decrease the friction and skin resistance in
pipes by addition of solid particles, polymer solution
or bubbles in the flows [4]. One of the ways to
increase the heat exchange efficiency and decrease
the head loss is to use ribleted pipes. In this
investigation, after a brief review of literature in the
effects of particles in pipes, the experimental
investigations of ribletted pipe flows with and
without particles are described.

It was found that muddy rivers flow faster. This
was the first inspiration to reduce friction by addition
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of fine solid particles. Vannoni [5] found that silt and
clay particles of less that 20 p, change the turbulence
characteristics of boundary-layer and consequently
the friction is reduced. Zandi [6], in his series of
experiments with different size particles of sand, clay
and coal powders, reported reduction of head loss in
pipes due to addition of particles in flow of water. He
also reported that the percentage of reduction was
related to the size, shape, population density and
nature of the particles. Madavan [7,8] found that
when the particles diameter increased over 50 to 100
|, the result may reverse and particles additive may
increase the friction. Experimental studies of other
investigators, Vukoslavcevic [9], Rad and etal. [10],
confirm the previous results. Rad [11], also found
that turbidity currents with suspended particlesreduce
turbulent level and run faster, in contrast with salt
solution of density current.

However, while the additive increase the viscosity
of the mixture, and referring to a Newtonian law of
viscosity,T = g du/dn, one may ask how increase of
viscosity may decrease the shear stress. Marie [12]
showed that the gradient of velocity near the wall
may decrease in flows containing particles, and this
in tern, reduces the wall shear stress. In other words,
particles can affect the turbulence structures near the
wall, and may increase the sublayer effective
thickness [11].

On a hydraulicly rough wall, the turbulence
strucutre is a function of roughness size and shape.
Walsh [13] experimented with various shape grooves
along the pipe or perpendicular to the flow. He
reported that with V shaped grooves, rounded of the
edges, with0.025 cm depth, 0.05 cm distance between
each groove, along the pipe, the pipe coefficient of
resistance reduced by 7 percent. In this work we do
notattemptto study the best groove for lowestfriction,
but to find out, why different shape and size grooves
produce different turbulence structures, and how this
structure may change by introduction of particles. In
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other words, how the change of turbulence strucutres
inrough pipes may change the velocity distributionin
boundary layer and may reduce or increase the shear
force at the wall.

DESCRIPTION OF EXPERIMENTS

Tests were conducted in a ribleted pipe of 18.6 mm
hydraulic diameter (Figure 1). There are 20streamwise
riblets of 1.8 mmdepth along the pipe. The maximum
diameter of the pipe at the roots of the riblets is 22.6
mm, and the minimum diameter at the upper edge of
the groove is 19.0 mm.

The set-up consists of 2 m? tank at the 2.5 meter
elevation. Water flows through a Venturi meter and
control valves and enters the horizontal pipe at zero
elevation. The test section is 1.0 meter long and the
head loss in this length was measured using differential
manometers located at the two ends of the pipe.
Particles used in the flows were stone powder of less
than 63 y diameters or silt and clay of less than 40 i
diameters.

EXPERIMENTAL RESULTS

a) Tap water was firstused to investigate the turbulence
created by theriblets. The friction factor vs. Reynolds
number, based on hydraulic diameter of the pipe, was
drawn on a Moody Chart (Figure 2). It shows for
Re<12000, near transition region, riblets increase the
turbulence level of the pipe and the friction coefficients

Figure 1. Cross section of ribleted pipe.
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are increased in this region. However with higher
Reynolds number, at fully developed turbulence,
ribleted pipe friction factors are less than smooth
pipes. This may be due to the trapping of fluid
between riblets near the wall, and the valley parts
acting like smooth pipe boundaries, and top of the
ribletalong the flow may damp the turbulence created
near the wall. At the lower Reynolds numbers a
secondary eddy flow at the lower part of the riblets
would cause the higher friction coefficients. At the
higher Reynolds numbers, the constant velocity
contours follow nearly the boundary lines but the
laminar sublayer is very thin at the tip of the riblets.
At the valley parts of riblets, the flow is
hydrodynamically smooth, while the flow is rough
surface condition at the tip. Therefore, the friction
factor compared with smooth pipes, forribleted pipes
are higher at lower Reynolds and lower at higher
Reynolds numbers. Change of effective diameter of
the pipe and use of Reynolds number based on this
diameter may change the picture. However to be sure
aboutthe change inturbulentlevel, one should measure
the components of the turbulence in different pipes.

To be sure about the correct use of diameter for
calculation of Reynolds number, we compared f-Re
diagrams of ribleted pipe using hydraulic diameter of
18.6 mm, minimum inside diameter of 19 mm, aﬁd an
equivalent diameter of circle having the same cross
section of the ribleted pipe (Figure 3). Except with so
the called equivalent pipe (which has no physical
meaning), use of other two diameters show similar
results which confirm our conclusion.

b) In the second set of tests we used mixture of
water with stone powder. Powder was passed through
mesh 230 and powder sizes less than 63u. Four
mixtures of 200, 500, 1000, 1600 gr per m* of water
were used. Since the viscosity of mixture may change
and hence the Reynolds number, we used the head
loss vs. discharge (Ah-Q) curve, (Figure 4). The Ah-
Q curve (Figure 4), shows that the use of stone
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Figure 2. Friction factors of ribleted pipe on a moody chart.

sese* 4219 mm without riblets
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Figure 3. f vs. Re, using different diameters.

powderinflow of ribleted pipe considerably decreases
the head loss. The rate of decrease is increased with
the increase of powder density. However, the effect
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Figure 4. Decrease of head loss due to stone powder
mixture.

of density or, population of particles, is small and
even, may reverse the trend at higher particles
population. This figure also shows that the effect is
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Figure 5. Decrease of head loss due to silt and clay.

more apparent at higher flows which may lead to the

conclusion that at higher Reynolds number the

particles effect is more significant.
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Figure 6. Comparison of stone powder and silt-clay.

¢) In the third set of tests, silt and clay particles of

less than 40y size, with similar concentration of the

previous test were used. The tests also show the
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Rigure 7. Comparison of flow with and without particles and riblets.
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decrease of head loss with addition of powder and,
increase of the particle effect with higher density of
mixture. Figure 5 shows the effects of silt and caly
particles.

Figure 6 shows the compariosn between stone and
silt-clay powder at 1600 gr/m?. Stone powder is more
effective than silt-clay powder in reducing the head
loss. This trend is also true for different comparable
concentrations. Since the shape of the stone powder
particle is more rounded and its size, is larger than
silt-clay particle, the effect of particlesin flow may be
dependent on the size and shape of the particles, or
even the size and shape distribution of the particles,
which affects the damping different size and structure
of turbulence eddies.

Finally Figure 7 shows the effects of riblets and
particles in flow. Howeverin a simple round pipe, the
effect of particles are similar over all the boundary
and with lower turbulent level. Due to particles, a
rough boundary flow may change to a smooth pipe
flow. Therefore, the friction factor reduction is more
for simple pipes in comparison to ribleted pipes.

CONCLUSIONS

From the experimental results we can conclude that
for current size ribleted of certain size pipes and
shape of riblet, the friction factors decrease at higher
Reynolds numbers, (Say Re>15000). This may be
due to the change of condition of rough pipe to
smooth pipe or the reduction of turbulence caused by
wall roughness. Then, to use streamwise riblets is not
advisable to increase the turbulence and heat transfer
coefficients of heat exchanger pipes. Small size
particles (Say d<60u) can decrease head loss in
ribleted pipe flows. In other words, particles change
the turbulent structure of boundary layer and may
damp the turbulence level. Different size, shape, size
distribution, and density of particles in the flow,
affect the head loss reduction. For a better
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understanding of the effect of different parameters
of particles and riblets on turbulent structure and
head loss, further experiments specially
measurements of turbulence factors are necessary.
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