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AN EXPERIMENTAL STUDY FOR THE FLOW (F DILUTE
POLYMER SOLUTIONS IN NOZZLES AND DIFFUSLRS

L. H. RABIE ¥, B, A. KHALIFA, and A. A. LL-JAROUN

Faculty of Engineering and Technology, lenofia University,
Shebeen El=-Koum, EGYPT.

ABSTRACT:

This work presents an experimental study for the effect
of drag reducing polymer additives wupon a water flow in
nozzles and diffusers. Five circular nozzles andodifgusess
ofoconstantoarea ratio of 4 and half angle o= 47, 67, 87,
10¥, and 12" respectively are used. Two polymer types; Polyox
coagulant and polyacrylamide are used at diffrent concentra-
tions.

The results show that both polyacrylamide and polyox
have no effect on the flow through nozzles at any flow rate
and polymer concentrations. However, for diffuser flow, poly-
mer additives results in a substantial increase in the press-=
ure recovery of the diffuser. This effect increases with the
flow rate and polymer concentration up to 10 wppm. For higher
concentrations as 50 wppm, the effect is complicated and more
interesting especially with polyacrylamide additives, The
pressure recovery of the diffuser begins to decrease at some
value of the flow rate. The decrease becomes more pronounced
as the diffuser half angle increases. This is thought to he
due to the increase of the viscoelastic properties with con-
centration and the elongation strains with the flow rate and
diffuser half angle. The results also show that the pressure
recovery increases with the diffuser half angle. they also
show that polymer effect starts at a certain flow rate simi-
lar to the onset of drag reduction in pipe flow,

1, INTRODUCTION:

In most of flow systems, sections of converging and
diverging flows are almost found. In fact the flow in these
sections, especlally diffusers, greatly affects the perfor-
mance of the whole flow system. Many engineering problems

“Correspondences should be addressed to Dr. L. i. Rabie,
Mechanical IEngineering Dept., Faculty of lngineering ,
lHansoura University, Mansoura , EGYFT,
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such as flow separation and the defficiency of pressure rec-
overy are assoclated with such flow type. Hence, many inves-
tigations have been carried out to study the flow character-
istics and the optimum design_of the nozzles end diffusers
in Newtoniaen fluid flows {1-3] .

It is well known now that the addition of few parts per
million of high molecular weight , long chain y flexable mol-
ecule polymers to turbulent flow can reduce the frictional
loss drastically, This phenomenon is known as Tom's phenome-
non or dreg reduction {41 ., It receives much of the attention
of the fluid mechanics researchers since early sixties for its
important promissing practioal appliocations. These include H
increasing capacities for crude oil transportation and brine
disposal, faster ships espeoially for millitary purpose y Tire
fighting and eprinkler irrigation. Most of,the available res-
earch were carried out on pipe flow systems., Very little inv-
estigations have been done , 80 far, to study the effect of
these drag reducing additives upon flows with pressure grad-
ients. Even moat of these very little were carried out on ext-
ernal flow systems as those arrourd cylinders , bodies of rev~
olutions and hydrofolls [5~7]. To our knowlage, the available

investigations for the flow of drag reducing polymer additive
fluide in tapered tubes are those of Tomita et al {87 and Kato
et al [9&1Q0]. However the work of Kato et 8l was more systama-
tic. They measured the pressure distribution and the veloeity
profile in both diverging and convergling tube flow of water
and dilute polymer solutions, Thelr results show that no drag
reduction 18 recognized for the converging flow. They show also
that an increase 1n the pressure recovery of the diffuser is
achleved by polymer additives. They also reported that polymer
#dditives promote the occurance of separation, However some of
these results are in contradlction with those of Rabie[11]which
showed that polymer additives resulted in larger drag reduction
level in convergling than the pipe flow one., It 1s slso shows
that suppresion in the turbulent boundary layer separation is
expected with drag reducing polymer additives.

It 1s obvious that,due to the unsufficient availabe inves-
tigations , the effect of drag reducing polymer additives upon
the flow in nozzlesa and diffusers 1s not olear and more system-
atic studies are greatly needed. In this work, an experimental
study for the effect of two polymer types , Polyox and polyacr-
ylamide upon the flow in nozzles and diffusers for different
polymer concentrations is investigated. Five different tapered
angles are used for both converging and deverging test sections.

2, EXPERIMENTAL TECHNIQUE.

The experiments were carried out in an open flow system
rig. In which the fluid flows under the action of gravity from
an overflow constant head tank through the test section to the
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collecting tank as shown in figure (1). Since the flow is

a gravitational one , the use of the overflow constant head
tank 1s necessary to keep the fluld head constant during the
experiment, The water level of the constant hesd tank i1s kept
at 300 ¢m higher than that of the test section. The overflow
tank 1s 50 x 50 x 40 cm 1n dimension with & baffle plate of
20 cm hight ingide, It i1s fed continously by an overhead tank
of capacity 1 m3, The flooded flow from the overflow tank is
directly drained to the collecting tank which is 150 x 150 x
50 em  in dimension,

The test section is a tapered circular brass tube of
27 and 54 mm diameters, and constant area ratic of .4 . Five
different test sections are used with half angle « of 4° , 6°,
8°, 10° and 12° respectively, and length "L" of 193, 128, 96,
76,5 , and 63.5 mm respectively. Each test section is provided
with two wall pressure taps of 1 mm diameter at the 1nlet and
outlet cross sections for static pressure measurements. Figure
(2) shows detalls of the test section. The five test sections
are uged for both nozzle and diffuser flow experiments, For
nozzle flow experiments ; the test section 19 arranged such
that the Inlet dlameter i1s the 54 mm, While for diffuser flow
experiments ; 1t is reversed such that the inlet diameter is
that of 27 mm, The test section 1s flanged in between two com-
merclal steel pipe tubes of 27 and 54 mm diameters and 200 mm
length each. This ensures an entrance length of about 40 and
80 pipe diameters for the nozzle and diffuser test sectlons
reaspectively.

The pressure differance between the inlet and outlet of
the test gsection 1s measured using s U tube manometer connect-
ed to the two pressure taps. In order to monitor the behaviour
of drag reducing polymer additives, the pressure drop across
the 27 om diameter pipe 1s measured. For this purpose two
wall pressure taps are made 90 ¢m, apart and connected to
another U tube manometer, Carbon tetracholoride {(CCly) of
gpecific gravity 1.595 1s used as manometer liquid. It has
been coloured red by dissolving some Iodine greins,

The fluid flow rate i3 controlled using a gate valve at
the end of the downstream tube as shown in figure (1). The
flow rate is measured using a weighting tank and stop watch.
The experiments are carrled out at a temperature 15 - 18°C,
The temperature of the flowing fluid is measured at the exit
by a thermometer.

To study the effect of dreg reducing polymexr additives
upon the flow through nozzles and diffusers , the pressure
difference between inlet and outlet cross sections is measur-
ed at different flow rates for water and dilute polymer solut-
ions flows. Two polymer types are used , polyox cgagulant and
polyacrylamide both of molecular weight of 5 x 10 and prod-
uced by BDH laboratory chemicals, England. Different polymex
concentrations of 2, 5, 10 and 50 wppm are used through out
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this investigation, Polymer soclutions of the desired con-

centrations are made by diluting concentrated master solut-
ion of 7000 wppm. Details of the experimental set up and
technique are found in El-Haroun (1983) [1z2],

3, RESUIELS AND DISCUSSION.

The experiments are carried out first on pure water alone
and , then , on polymer soclutions., They can be divided mainly
into four groups. The first one is concerned with the effect
of mechanical degradation due to pumping on the effectiveness
of the polymer solutions. The second group deals with the eff-
ect of polymer additives upon the flow through commercial st-
eel rough pipe. The third and fourth groups are devoted +to
study the effect of these additives upon the flow through nozz-
les and diffusers respectively which are the main aim of this
work,

3.1, Pumping Effect Upon Drag Reduction.

Fresh polymer solutions are allowed to flow through the
gystem for the first run from the upper tank to the collect-
ing one and the pressure drop through the 27 mm diameter pipe
is measured. Then the collected polymer solutions are pumped
back to the upper tank by a centrifugal pump to flow for the
gecond run and repeated for the third one. The square root of
the pressure drop as a funttion of the flow rate for the two
polymer types at different concentrations are plotted in fig-
ures (3-a) and (3-b) respectively. The results show that the
effectiveness of both polyacrylamide and polyox solutions
decrease as they pass through the pump. Polyacrylamide shows
more resistance to mecihcmicel degradation than polyox solut-~
ions, The increase in peclymer concentration increases 1its
resistance to mechanical degradation. From these results one
can see that polymer solutions must be used once from the main
tank through the system to the drain,

3.2+ Effect Of Polymer Additives Upon The Flow Through
Commercial Rough Pipe.

The pressure drop across 90 ¢m of 2 m length, 27 mm dia-
meter commercial steel rough pipe is measured at different
flow rates and polymer concentrations, The results are plott-
ed as the friction factor "f" againest the Reynolds number
"Re" and shown in figure (4-a) and (4-b) for polyacrylemide
and polyox respectively.They show that polymer additives res-
ulted in lower friction factor than water flow, This reduct-
ion in frictional drag increases with the polymer concentrat-
ion and Reynolds number. The results also show that drag red-
uction starts at certain Reynolds number which is known as
the onset point., This onset point shows a dependence on
polymer concentration in contrast to that reported by Rabile
(1978)[13]. The results also show that polyacrylamide has
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higher drag reduction values than polyethylene oxide. More
then 60% drag reduction is reported for polyacrylomide sol-
ution of 50 wppm at 35000 Reynolds number and 47% for polyox
of the same concentration at 39000 Raynolds number.

3.3 Effect Of Polymer Additives On The Ilow Through Nozzles.

The pregsure difference between the inlet and outlet cross
sections of five nozzles with half angle &= 4°, §°, 8°, 10°
and 12° regpectively are measured, at different flow rates and
polymer concentrations. The results are plotted as a lation
between the square root of the pressure difference YV lHn and
the flow rate and shown in figures (5-a) and (5-b) for polyac-
rylamide and polyox respectively.

. Figures (5-a) and (5-b) show that it 1s very difficult to
find any difference between water and polymer flow results at
any nozzle half angle or polymer concentration for both poly-
mer types. This agrees with that of kato et al [9] who ment-
ioned that the difference in pressure distribution between pol-
yox and pure water 1s not clear for converging flow and there
18 no remarkable drag reduction as that of the pipe flow. It~
is beleived that the effect of polymer additives as drag red-
ucer does not appear in converging flows due to the Tact that
it 1s small compared with the large pressure drop with the
area contraction of the nozzle.

3,4, Effect Of Polymer Additives Upon The Flow In Diffusers.

Five circular diffusers of constant area ratio 4 and with
half angles o= 4°, 6°, 8°, 10° and 12° are used respectively
to gtudy the effect of drag reducing polymer =sdditives upon
diffuser flows. The pressure ,difference between the inlet and
and outlet cross sections ‘Hy 1s measured at different flow
rates for water and polymer solutions at different concentrat-
ions., The results are shown in figures (6-a) and (6-b) as the
root of the pressure recovery of the diffuser v Hd as function
of the flow rate at different polymer concentration of 2, 5,
10 and 50 wppm and for the five test sections in comparlson
with that of pure water., The results show that polymer addit-
ives causes drastic changes to the turbulent flow through 4iff-
users, It shows an increase In the pressure recovery of the
diffuser with polymer additives over that of pure water.

Figures (7) and (8) present the percentage increase in the
pressure recovery of the diffuser with polymer additives as fun-
ction of the flow rate and polymer concentrations. The results
show that polymer additives resulted In an increase in the
presgure recovery of the diffuser. This effect starts at a cer-
tain flow rate similar to the onset point for drag reduction in
pipe flow, After the onset point the effect of polymer additives
increases with the flow rate to an asymptotic value. Over 30%
gain in the pressure recovery of the diffuser i achleved with
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polyacrylamide and 40% with polyox additives at 10 wppm. The
results show also that the onset flow rate decreases with the
concentration of the polymer additives , which is similar +to
plpe flow results,

From the above results one can see that the increase in
the pressure recovery of the diffuser with polymer additives
increases with polymer concentration up to 10 wppm. However,
for higher concentrationa such as 50 wppm, the results have
complicated behaviour, At low flow rates, the percentage rise
of the diffuser pressure recovery increases with the increase
of the flow rate t1ll a certairn 1imit, then 1t begins to decr-
ease, Polyacrylamide results show that further increase 1n flow
rate results in a reincrease of the pressure gain, This complic-~
ated behaviour becomes more and more pronocunced as the half
angle of the diffuser increases as shown in figure (7). In case
of x= 89, 10° and 12° , 50 wppm polyacrylamide concentration
results in 1oger pressure gain than that of water at flow rate
around 600 cm”/sec. Such strange behaviour is thought to be
due to a comblined effects of the drag reduction and the visco-
elastic properties of the polymers. The effect of drag reduct-
ion is to reduce friction losses, delay the development and the
gseparation of the boundary layer {11] reducing the boundary
layer thickness and the blockage factor. This results in an
increase in the diffusger pregsure recovery . On the other
hand with the inc¢rease of polymer concentration its viscoelastic
propertles which increases the flow resistance in elongational
flows as that in diffusers., Thilis results in a decrease of the
pregsure recovery of the diffuser. At low flow rate , the effect
of drag reduction is more pronounced due to small values of elon-
gational strains and consequently elongationsal stresses. But wit}
the increase of the flow rate the effect of the viscoelastic
propertlies appears and becomes more and more pronounced. Compar-
ing ‘figures (7) end (8) show that polyacrylamide is more effect-
ive than polyox, It produces higher increase in the pressure
recovery of the diffuser than that of polyox at the seme concen-
tration and flow rate., It also has lower values for onset flow
rate (Reynolds number) for the increase in pressure recovery
than those of polyox.

Figure (9) presents the increase of pressure recovery of
the diffuser as function of the flow rate for different o« at
10 wppm polyacrylamide and polyox respectively , while figure
(10) shows the results at 50 wppm. For 10 wppm , polyacrylam-
i1de results show insensitivety to the change of the diffuser
half angle K , However, polyox results show that the increase
of the pressure recovery increases with the half engle X, For
50 wppm both polyacrylamide and polyox results show great dep-
endence upon the diffuser half angle, As shown in figure (10),
the increase in pressure recovery with polyox increases with
the flow rate for o= 4, 6 and 8, For o= 10 it starts to decr-
eage after reaching a maximm value, but for o= 12 it decrea-
sea with the flow rate. Polyacrylamide results show a decrease
in the gain of the diffuser pressure recovery with the flow
rate to reach a minimum , then , 1t starts to increase agsin .
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This minimum value decreases with « such that the pressure
recovery of polyacrylamide solution is lower than that of
water for o= 8°2, 10° and 12°, This can be clearly under-
gtood by knowing that drag reducing polymer additives affects
the development and separation of the boundary 1&yer‘}1].

They decrease the displacement and momentum thickness, reduce
the shear stresses and the blockage factor and delay the boun-
dary layer separation, These contribute in increasing the
diffugser pressure recovery. On the other hand polymer solut-
ions are characterized by the very high extensional viscosity
which increases with polymer concentration, The increase of
elongational strain rate produced by the increase of the
diffuser half angle and the flow rate resulted in increase in
the flow ri:sistance., Hence & decrease in the pressure gain is
expected, It 1s also thought +that the 1ncrease of the visco-
elastic properties can enhance the development of the hourndary
layer regulting in earlier separation [10] and lower pressure
recovery. The combined effect of both drag reduction and exten-
gional viscosity produce the observed behaviour of the resulis,

In order to have better understanding for the effect of
the angle of divergence of the diffuser, the increase in the
diffuser pressure recovery results are plotted as function of
the half angle &« for different polymer concentration at conas-
tant Reynolds number of 25000 and 38000 respectively. Polyacr-
ylamide results are shown in figure (11) while those of polyox
are in figure (12). Polyacrylamide results at low concentrat-
ions are independent upon &« while at 50 wppm the increase 1in
pressure recovery decreases with «due to the increased influ-
ence of viscoelastic propertles. Polyox results show that the
increase in pressure recovery increases with « to reach a max-
inmmm then decreases. This is more pronounced at higher concen-
trations as 50 wppm, The increase in « increagses the strain
rete, This in turn increases the effectiveness of the polymer
as drag reducer untill the influence of the viscoelastic prop-
erties to Increase the flow resistance becomes appreciable,

4, CONCLUSIONS.

This work presents an experimental investigation for the
effect of drag reducing polymer additives upon the flow through
nozzles and diffusers., The results ghow that polymer additives
has no effect upon the pressure difference of nozzles at &ll
conditions, However, these additives have drastic influence upon
the flow through diffusers, For constant area ratio diffusers ,
polyacrylamide and polyox additives produces an increase in the
pressure recovery. This effect Increases with the flow rate up
to Renolds number 40000 and polymer concentration up to 10 wppm.
Further increase in polymer concentration or flow rate results
in & maximum increase in pressure recovery followed by a decre-
ase may be to & minimum followed by another Increase, This beh-
aviour is more pronounced with polyacrylamide, Polyacrylamide
results show negligable effect for the angle of divergence at
low concentrations while , at higher concertrations the incre-
age 1n pressure recovery decreases withe , For polyox , the
Increase in & results 1n increase in the risge of pressure rec-
overy until it reachs maximum value followed by a decrease .
This feature becomes pronounced with the increase of polymer
concentration.
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