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Abstract. Drag reduction by high molecular weight polymers has been studied over the past decades and presents
several applications in many industrial processes. Soluble drag reducing polymers, DRP, have also been shown to
produce beneficial effects on blood circulation and may represent a way to treat cardiovascular disorders, like
circulatory shock, atherosclerosis or hypertension. However, the efficiency of these polymers as friction factor
reducers is not constant due to degradation caused by the turbulent flow. In the present work, we investigate the effects
of concentration and degradation of three soluble polymers in the drag reduction capacity in a nutrient saline solution
(NS) commonly used to maintain oxygenation and nutrition or organs in “ex vivo” studies. Polyacrylamide (PAM),
Polyethylene Oxide (PEO) and Xanthan Gum (XG) are tested in a cylindrical double gap rheometer device for the
concentrations of 10, 50 and 100ppm. For the conditions evaluated, the SNS composition does not change significantly
PAM and PEO behaviour, showing that they can be satisfactorily diluted in this solvent without loss of efficiency as
drag reducers. However, it modifies XG conformation, drastically reducing its efficiency. The experiments with tail
arterial beds perfused with NS suggest that PAM is efficient to reduce the perfusion pressure.

Keywords: Bioengineering, rheology, drag reduction, polymer, nutrient saline solution
1. INTRODUCTION

The friction factor reduction by addition of drag reducing polymers has been studied since Toms (1948) had
reported this phenomenon. The author showed that the addition of small concentrations of polymers of long chains and
high molecular weight reduce significantly the resistance to turbulent flow in tubes, what implies an increase in flow
rate at constant pressure drop or a decrease in pressure drop at constant flow rate. Toms’ effect has been intensively
studied and has shown great success in many industrial processes like pipeline transportation (Burger and Chorn, 1980,
Nijs, 1995), operation in oil wells, irrigation process (Singh et al., 1985) and firefighting system (Fabula, 1971,
Figueredo and Sabadini, 2013).

It was also found that the reduction in hydrodynamic resistance is efficient in non-turbulent flow systems, such as
pulsating flow (Driels and Ayyash, 1976). This find was extremely important to make the phenomenon useful in
biomedical applications, enabling its use to reduce blood pressure and prevent cardiovascular disorders, such
arteriosclerosis and hemolysis. The phenomenon itself is complex due to the interaction between the polymer long
chains and the turbulence. In vascular flow applications, it becomes much more complex due to a non-permanent and
pulsating flow, irregular velocity profile and possible interactions with tissue cells. One of the first studies in drag
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reduction, DR, in vascular flow was made by Mostardi et al. (1976), which has observed a decrease in flow perturbation
in aorta artery of dogs using Separan AP-30. Greene et al. (1970) has simulated a pulsating flow in a glass tube using
polyacrylamide in calf blood and has obtained drag reduction. Experiments on preventing lethality after hemorrhagic
shock were presented by Kameneva et al. (2004). Bessa et al. (2011) reproduced a pulsating flow in the tail arterial bed
of rats using polyethylene glycol as drag reducing agent. Kameneva (2012) made a good review on “in vitro” and “in
vivo” studies on drag reduction in blood circulation.

The biggest limitation of the use of drag reduction in industrial systems or biomedical treatments is the irreversible
mechanic degradation of the polymer chains caused by the shear forces imposed by the turbulent flow. Researches have
demonstrated that polymer degradation is dependent on concentration, molecular weight, Reynolds number,
temperature and solvent properties (Soares et al., 2015). The use of PAM, PEO and XG with water as solvent has
already been studied by many researchers, but their behaviour can change according to the solvent composition. The
constituents present on the solvent can change the polymer chain conformation and affect DR. The influence of salt
concentration on DR efficiency, for instance, has already been evaluated by some researchers (Kamel and Shah, 2009,
Andrade et al., 2016), but other constituents present on the saline nutrient solution can also affect the DR efficiency.

Regarding the solvent for DR polymers, nutrient saline solutions are used as bathing medium for organs, tissues and
cells “ex vivo”, basically Krebs or Tyrode solutions, buffered with bicarbonate-carbon dioxide or organic buffers like
HEPES, PIPES or TRIS. In any case, the purpose of these solutions is to preserve the isolated organ under a more
physiologic condition, i.e., maintaining the osmolality, ionic strength, nutrition, oxygenation and pH at appropriate
levels. Saline nutrient solutions are traditionally used in studies with post-hemorrhagic resuscitation (Jacob et al., 2006),
biomechanical studies concerning the relationship between flow-pressure-resistance in vascular systems (Bergh et al.,
2005), and “in vitro” studies on organ transplantation and recirculation regimen (Harris et al., 2015). Moreover, in vitro
studies on the effects of drug/toxins (Rossoni et al., 2003), heavy metals (Fioresi et al., 2013) or vascular diseases (dos
Santos et al., 2006; Tucci et al., 2007) in different isolated and perfused organs also are obligatorily conducted under
perfusion with such buffered saline solutions to maintain oxygenation and nutrition of the tissue. However, these saline
solvents can interact in a different way with the polymer, causing a distinct drag reduction behavior from the one
observed in pure water.

The main goal of the present work is to investigate the efficiency of PAM, PEO and XG as drag reducing agents
using a nutrient saline solution as solvent in order to analyze the influence of its components in the DR mechanisms.
After that, perfusion tests were carried out in isolated tail arterial beds in order to evaluate the efficiency of PAM as
drag reducer in conditions where the tissues can interact with the polymer and change the DR behavior.

2. EXPERIMENTAL APPARATUS AND PROCEDURE

In this work the rheometer tests were carried out to verify the efficiency of the polymers (PEO, PAM and XG)
diluted in the nutrient saline solution. After that, perfusion tests were carried out in isolated tail arterial beds from
Wistar rats in order to evaluate the efficiency of PAM as drag reducer.

2.1 Solutions preparation

The polymers PAM and PEO tested in this work have molecular weight of 5.0x10% g/mol, and XG, average
molecular weight of 2.0x10° g/mol. Our chemical supplies were provided by Sigma—Aldrich.

Concerning the saline nutrient solutions, one of the most used NS for in vitro studies is Krebs-Henseleit, because it
reproduces more accurately the physiology of the blood. Its composition is presented in Tab. 1. In this solution, the
buffer is made with bicarbonate, which is bubbled with a carbogenic mixture (95% of 02 and 5% of CO2) in order to
keep the pH constant at 7.4, i.e., the physiological pH.

Table 1 - Krebs-Henseleit composition.

Compound Parts per Million
NaCl 6896
KCI 394
MgSO, . 7TH,0 236
KH;PO4 276
CaCl, . 2H,0 182
NaHCOs 1478
NazSO4 167
Glucose 1970

In studies that aeration is not possible, Krebs-HEPES solution is usually used. It is based on the Krebs-Henseleit NS,
modified by adding the synthetic pH buffer HEPES in the place of bicarbonates. Thus, pH could be maintained stable
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without the need of bubbling (aeration) during the tests. Its composition is shown in Tab. 2. The two solutions (Krebs-
Henseleit and Krebs-HEPES) are similar, differing by the component responsible for acting as buffer solution
(component that maintains the pH stable). In the perfusion experiments, Krebs-Henseleit solutions are used, because it
is more available and reproduces more accurately the physiology of the blood, but in the tests that aeration is not
possible, the Krebs-HEPES solutions are normally used.

Table 2 - Krebs-HEPES composition.

Compound Parts per Million
NaCl 5704
KCI 345
MgSO4 . 7TH,0 292
KH,PO4 134
CaCl, . 2H20 275
NaHCO; 2069
HEPES 4697
Glucose 1970

Rheometer tests were conducted using both distilled water (reference solution) and Krebs-HEPES (nutrient saline
solution) as solvent in three different concentrations 10, 50 and 100 ppm of the polymers, which implies diluted
solutions. To prepare the solutions, we first made concentrated solutions with 1000, 5000 and 10000 ppm, respectively,
using distilled water as solvent. After 7 days, the concentrated solutions were diluted into this respective final
concentration in distilled water and Krebs-HEPES and were stored in a refrigerator for 1 day prior to the completion of
the experiments for complete dilution and homogenization and taken about 30 minutes before the test. This procedure
was adopted to minimize the dilution time in order to allow, in future works, the use of blood to replace the nutrient
solution using the same procedure, since the blood can coagulate or undergo microorganism proliferation. Krebs-
HEPES’ composition in shown in Tab. 1.

The saline nutrient solutions, Krebs-Henseleit, used in the perfusion experiments were prepared minutes before use,
filtered and left for 30 minutes in the carbogenic bubbling bath to regulate the pH before starting the test. The polymer
solutions were obtained from a 1000 ppm concentrated solution, which was stored for at least 3 days for dilution.
Initially, a solution containing 100 ppm of the polymer was prepared and stored for 3 hours. After this time, part of the
solution was stored and part of it was diluted to 50 ppm and 10 ppm by the addition of pure nutrient solution. These
solutions still rested for about 2 hours to ensure total dilution before being placed in the thermal bath and bubbling.

2.2 Rheometer tests

The rheometer tests were carried out using a commercial rheometer Anton Paar Physica MCR 501. We obtained our
results by using a double gap cylindrical geometry. The sample was located between the two rigidly interconnected
coaxial and stationary surfaces, which have an axial symmetry. The rotor is a thin-walled coaxial tube located between
these two fixed cylindrical surfaces, which can rotate over the sample holder’s axis of symmetry at a given angular
velocity. This geometry was used due to its large contact area, which provides measurements at small Reynolds
numbers with good accuracy. The sample volume was 12.0 ml. Before all the tests, the sample rested into the test
geometry over 1500 seconds to achieve the desired temperature, 37°C, which was chosen for being similar to the human
body temperature.

The drag reduction, DR, obtained during the rheometer tests were calculated by Eq. (1):

pR=1-L 1)

fo

Where f and f, are the Fanning friction factor for the solution and the solvent, respectively, at the same Reynolds
number, Re, defined by Eq. (2):

p(wR)h
o = Plotn

2
U]
Where 7 is the viscosity, p is the specific mass of the solution, wR is the characteristic velocity, in which w is the

angular velocity of the rotor and R is the average radius, and h is the average spacing between the walls of the cup and
the rotor (see Silva, 2017).
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The friction factor, f, is calculated by Eq. (3), based on the shear stress, 7, specific mass of the solution, p, and
characteristic velocity, wR.

2T

f= PR (3

Viscosity and flow curves were obtained for all concentrations in order to understand the rheological
characterization of the fluid. These tests were performed gradually increasing the rotational speed from 0 to 3000 rpm,
which is the maximum speed of our equipment, the Fanning friction factor was displayed as a function of Reynolds
number, and it was measured at 600 points over 600 seconds, sufficient time to develop the turbulent structures.

Constant shear rate tests were performed to analyze the loss of efficiency along the time of the experiments. The
tests with a constant rotation speed were used to display drag reduction as function of time and it extended over 3600
seconds. 7200 points in logarithmic scale were measured.

2.3 Perfusion tests

The perfusion tests were carried out with isolated perfused tail arterial beds from Wistar albino adult male rats. All
animal manipulation was carried out in accordance with the institutional ethics committee on animal use (Protocol
18/2016 - CEUA / UFES). The tests aim to evaluate the effect of the NS polymers concentration on drag reduction (DR)
during the perfusion experiment.

The experimental bench consists basically of: a thermostatic bath (1), responsible for maintaining the temperature
of the solution to be perfused and the tail arterial bed at 37 OC; a peristaltic pump (2), responsible for maintaining
pulsatile flow; a bubble collector, used to prevent any bubbles or air entering the system from reaching the artery; a
pressure transducer (3), used to measure the perfusion pressure of the organ (4); and a microcomputer (5) equipped with
a data logger system (Biopac Systems, model MP35), responsible for receiving and storing the pressure transducer
information. Figure 1 shows the simplified scheme of the perfusion system.

Perfusion solution in Computer (6)

thermostatic bath (1)

Flow
1 o [
=

J Peristaltic Bubble Pressure

pump (2) collector (3) transducer (4) Organ in
thermostatic bath (5)

Figure 1. Perfusion system schematic drawing.

The perfusion technique of the tail arterial bed was similar to that used by Bessa et al. (2011). The tail artery was
perfused with nutrient solution at a constant flow rate of 2.5 mL/min, maintained for about 30 min for stabilization (this
is the basal flow rate, i.e., the blood flow rate in the organ when the animal is alive and in normal condition). After the
stabilization time, some procedures were performed to test the endothelial integrity. It was considered that the
endothelium remained intact when the relaxation percentage was greater than or equal to 30%.

After the protocol used to test the integrity of the endothelium, the effect of the polymer solutions in the tail arterial
bed was evaluated. Initially, the flow-pressure relationship for the pure Krebs-Henseleit nutrient solution, without
addition of any polymer, was obtained. The flow was maintained for 3 minutes in each flow rate: 1.25, 2.5, 5, 7.5 and
10 mL/min. The flow rate was altered by increasing the peristaltic pump rotation. After completion of this protocol, the
basal flow rate (2.5 mL/min) was returned and maintained for about 7 minutes for stabilization. After this time, the
solution was changed for another, containing 10 ppm of polymer, and 8 minutes was waited to ensure that all previous
solution has passed through the system. The same process was repeated to obtain three subsequent flow-pressure
relationships with concentrations of 50 ppm and 100 ppm of polymer solutions.

Once the artery diameter is not constant, Reynolds number and friction factor are not constant either. In order to
quantify the drag reduction phenomenon, DR was defined in Eq. (4) as a function of the pressures involved in the
system, according to Savings (1964). The author used the term drag ratio (D) to represent the relationship between the
pressure drop for the drag reducing polymer solution (AP) and the pressure drop for the solvent (AP,) in the same flow
rate and pipe length.
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DR=(1-Dp)=1-2£ (4)

AP,
This way, a solution can be said to be drag reducer if its drag ratio (Dg) is positive and less than 1.
3. RESULTS AND DISCUSSION

At first, the tests performed in the rheometer with the Krebs-HEPES solutions will be presented and discussed in
order to evaluate the capability of the polymers to reduce drag when diluted in the saline nutrient solution (NS). In a
second stage, the perfusion tests results, with PAM and the Krebs-Henseleit NS, will be shown and the performance
analyzed.

3.1 Rheometer tests

In Figure 2 we show the Fanning friction factor in Prandtl-von Karméan coordinates for three different
concentrations of the polymers, diluted in distilled water, DW, and Krebs-HEPES nutrient saline solution, NS. The
rotation speed was gradually increased from 0 to 3000 rpm over 600 seconds. As widely reported by a number of
researchers, the friction factor falls with increasing concentration. It is clear that the curves at different concentrations
become far from each other with increasing Reynolds number, which implies that the slopes of the curves are an
increasing function of concentration, as reported by Pereira et al. (2013).
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Figure 2. Fanning friction factor, f, in Prandtl-von Karméan coordinates, as function of Reynolds number, Re.

Figure 3 shows the effect of the concentration of the studied polymers on drag reduction with time to take in account
the loss of efficiency of the polymers as drag reducers. The tests were carried out in the fix Reynolds number of 1100,
where the rotation speed was kept constant over the 3600 seconds of measurement. As expected, the drag reduction
efficiency increases by increasing the solution concentration. A maximum level of drag reduction is sustained during a
period and after that time the molecular scission became more pronounced and the efficiency of the polymer decreased
until it reaches its asymptotic value, when the degradation of the polymer chains stops and molecular weight achieves a
steady state. In our tests, the asymptotic value is not so clear, mainly for the concentration of 10ppm, because after 3600
seconds the evaporation of the sample became very pronounced, making the measurements not so clear and accurate.
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Figure 3. Effect of concentration on DR as function of time.

We can see in Fig. 3 that the drag reduction decay over the time and this loss of efficiency is more pronounced for
the lower concentrations of polymer, what suggests that high concentrated solutions are more resistant to the
degradation imposed by the flow.

Here our main interest is to highlight the differences between solutions in distilled water and the nutrient saline
solution. It seems that the composition of the nutrient solution does not affect the phenomenon of drag reduction in
PAM and PEO solutions, but affects XG solutions’ efficiency, making XG solutions less efficient as drag reduction
agent. Tests for XG solutions with 100 ppm concentration in distilled water were not possible to be done, because of
equipment limitations. As shown in Fig. 2 and Fig. 3, the results obtained for both solvents presents quite the same
behaviour for PAM and PEO solutions, therefore, PAM and PEO seems to be appropriate polymers in nutrient solutions
for drag reducing purposes. Although, for the cases that were evaluated, XG does not seems to be appropriate for uses
in nutrient saline solutions.

3.2 Perfusion tests

The second stage of this work aimed to evaluate the DR performance of the polymers in the NS when applied to tail
arterial beds of rats. As the tissues were kept alive, it was possible to evaluate the influence of cell interactions on the
drag reduction promoted by the polymers. The tests were carried on five biological replicates (each animal is used in
only one replicate) but only the mean values are presented with the respective standard deviation. The standard
deviation bars were plotted in only one direction to make it easier to see the results. Fig. 4 shows the results of mean tail
artery perfusion pressure as a function of flow rate for PAM solutions.
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Figure 4. Perfusion pressure as function of flow rate
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The use of PAM reduces perfusion pressure and the higher the polymer concentration the lower the perfusion
pressure observed. For the basal flow rate (2.5 mL/min), for example, the perfusion pressure for the pure nutrient
solution (control) was 102 mmHg, dropping to 91.7 mmHg when 10 ppm of PAM was added to the perfusion fluid and
to 83.7 mmHg when 100 ppm of PAM was used. The results observed are in agreement with the obtained by Greene et
al. (1980), who also observed drag reduction by PAM in their in vitro tests with pulsatile flow in tubes using calf blood.
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Figure 5. Drag reduction as function of flow rate

Concerning drag reduction, the results are displayed on Fig. 5. Since it was not possible to measure the diameter of
all arteries and it changes with the flow, it was not possible to obtain Re and determine the friction coefficient,
therefore, the drag reduction presented here follows Eqg. (4). According to Fig. 5, the drag reduction increases with PAM
concentration. For a given concentration, DR initially increases with the flow rate, remains constant for a while and
begins to drop after that, which is observed for the three concentrations. If we were analyzing the drag reduction in a
tube, this result would seem strange, since it is known that DR increases with the increase of Re but a reasonable
physical explanation is the increased degradation of the solution as it passes through the pump when the flow rate is
increased. Besides, in this case, we must take into account not only hydrodynamics but also physiological mechanisms.

4. CONCLUSIONS

Experiments were carried out in a rheometer with a double-gap rotary geometry in order to analyze the efficiency
of the polymers PAM, PEO and XG as drag reducers in a saline nutrient solution (NS) when compared to efficiency in
distilled water (DW). The results in the rheometer show that PAM and PEO do not have their efficiency greatly altered
when diluted in the NS, but XG was more sensitive to the salts and sugars present in the nutrient solution. Thus, the
Krebs-HEPES solution seems to be a good solvent for PAM and PEO and a poor solvent for XG. The experiments
performed in a tail arterial bed of normotensive rats with pulsatile flow, in order to evaluate the efficiency of PAM
when submitted to the flow in an organ subject to the interactions with the tissues show that PAM is a good drag
reducer, with the perfusion pressure drop being noticeable with increasing solution concentration.

5. ACKNOWLEDGMENT

The authors would like to thank the Coordination for the Improvement of Higher Education Personnel (CAPES) for
the scholarship to conduct this research.

5. REFERENCES

Andrade, R. M., Pereira, A. S., and Soares, E. J., 2016. “Drag reduction in synthetic seawater by flexible and rigid
polymer addition into a rotating cylindrical double gap device”. ASME-Journal of Fluids Eng., 138, p. 021101.

Bergh, N., Ekman, M., Ulthammer, E., Andersson, M., Karlsson, L. and Jern S., 2005. “A new biomechanical perfusion

system for ex vivo study of small biological intact vessels”. Annals of Biomedical Engineering. Vol. 33, pp.1808-
1818.

Bessa, L. K., Belletati, J. F., Santos, L., Rossoni, V. L. and Ortiz, P. J., 2011. “Drag reduction by polyethylene glycol in
the tail arterial bed of normotensive and hypertensive rats,” Braz J Med Biol Res, Vol. 44, pp. 767-777.



Renata Trevelin da Silva, Edson Jose Soares, Renato Nascimento Siqueira, Leonardo dos Santos and Aloysio Abdo Silva Campos
Drag Reduction In Nutrient Saline Solution

Burger, E. D. and Chorn, L. G., 1980. “Studies of drag reduction conducted over a broad range of pipeline conditions
when flowing prudhoe bay crude oil,” J. Rheology, vol. 24, pp. 603.

Driels, M. R., & Ayyash, S. (1976). Drag reduction in laminar flow. Nature, 259, 389-390.

dos Santos, L., Gongalves, M. V., Vassallo, D. V., Oliveira, E. M. and Rossoni, L. V., 2006. “Effects of high sodium
intake diet on the vascular reactivity to phenylephrine on rat isolated caudal and renal vascular beds: Endothelial
modulation”. Life Sciences; Vol. 78(19), pp. 2272-2279.

Fabula, G. “Fire-fighting benefits of polymeric friction reduction,” Trans ASME J Basic Engng, pp. 93-453, 1971.

Figueredo, R. C. R. and Sabadini, E., 2003. “Firefighting foam stability: the effect of the drag reducer poly(ethylene)
oxide,” Colloids and Surfaces A, vol. 215, no. 1-3, pp. 77-86.

Fioresi, M., Furieri, L. B., Simdes, M. R., Ribeiro, R. F. Jr., Meira, E. F., Fernandes, A. A., Stefanon, I. and Vassallo,
D. V., 2013. “Acute exposure to lead increases myocardial contractility independent of hypertension development”.
Brazilian Journal of Medical and Biological Research, VVol. 46(2), pp. 178-185.

Greene, H. L., Mostardi, R. F., and Nokes, R. F., 1980. “Effects of drag reducing polymers on initiation of
atherosclerosis”. Polym Engng Sci, pp. 20-449.

Greene, H. L., Nokes, R. F. and Thomas, S. C., 1970. “Drag reduction in pulsed flow of blood,” Medical Research
Engineering,, pp. 19-22.

Harris, D. G., Benipal, P. K., Cheng, X., Burdorf, L., Azimzadeh, A. M., Pierson, R. N., 2015. “Four-dimensional
characterization of thrombosis in a live-cell, shear-flow assay: development and application to xenotransplantation”.
PLoS One, Vol. 10(4), e0123015.

Jacob, M., Bruegger, D., Rehm, M., Welsch, U., Conzen, P. and Becker, B.F., 2006. “Contrasting effects of colloid and
crystalloid resuscitation fluids on cardiac vascular permeability”. Anesthesiology, Vol. 104(6), pp.1223-1231.

Kamel, A., and Shah, S. N., 2009. “Effects of salinity and temperature on drag reduction characteristics of polymers in
straight circular pipes”. Journal of Petroleum Science and Engineering, 202, pp. 23-33.

Kameneva, M. V., 2012. “Microrheological effects of drag-reducing polymers in vitro and in vivo”, International
Journal of Engineering Science, Vol. 59, pp. 168-183.

Kameneva, M. V.; Wu, Z. J.; Uraysh, A.; Repko, B.; Litwak, K.N.; Billiar, T.R.; Fink, M.P. and Simmons, R.L., 2004.
“Blood soluble drag-reducing polymer prevent lethality from hemorrhagic shock in acute animal experiments,”
Biorheology, vol. 41, no.1, pp. 53-64.

Mostardi, R. A., Greene, H. L., Nokes, R. F., Thomas, L. C. and Lue, T., 1976. “The effect of drag-reducing agents on
stenotic flow disturbances in dogs,” Biorheology, Vol. 13.

Nijs, L., 1995. “New generation drag reducer,” in Proceedings of the 2nd International Pipeline Technology
Conference, Elsevier, Ostend, Belgium.

Pereira, A. S. ; Andrade, R. M. ; Soares, E. J., 2013. “Drag reduction induced by flexible and rigid molecules in a
turbulent flow into a rotating cylindrical double gap device: Comparison between Poly (ethylene oxide),
Polyacrylamide, and Xanthan Gum”. Journal of Non-Newtonian Fluid Mechanics, Vol. 202, pp. 72-87.

Rossoni, L. V., dos Santos, L., Barker, L. A. and Vassallo, D. V., 2003. “Ouabain changes arterial blood pressure and
vascular reactivity to phenylephrine in L-NAME-induced hypertension”. Journal Cardiovascular Pharmacology,
Vol. 41(1), pp. 105-116.

Savings, J. G., 1964. “Drag reduction characteristics of solutions of macromolecules in turbulent pipe flow”. Society of
Petroleum Engineers Journal, 4, pp. 203-214.

Singh, R. P.; Singh,J.; Deshmukh, S. R. and Kumar, A., 1985. “The effect of grafted and ungrafted guar gum on
turbulent flow of water and on hydraulic conductivity of soil,” in Proceedings of the IUTAM Symposium on the
Influence of Polymer Additives on Velocity and Temperature Fields, pp. 131-139.

Soares, E. J., Sandoval, G. A. B., Silva, L. A. S., Pereira, A. S., Silva, R. T. and Thomaz, F., 2015. “Loss of efficiency
of polymeric drag reducers induced by high Reynolds number ows in tubes with imposed pressure”. Physics of
Fluids (1994), Vol. 27, pp. 125105-1-125105-23.

Silva, R. T., Reducéo de arrasto em geometrias rotativas e em leitos arteriais, Universidade Federal do Espirito Santo,
2017, master thesis.

Toms, B. A., 1948. “Some observations on the flow of linear polymer solutions through straight tubes at large Reynolds
numbers”. Proceedings of the International Congress of Rheology, Holland, North-Holland, Amsterdam, Section II,
pp. 135-141.


http://www.scielo.br/scielo.php?script=sci_serial&pid=0100-879X&lng=en&nrm=iso
http://lattes.cnpq.br/9241045307171389
http://lattes.cnpq.br/4485206584533650
http://lattes.cnpq.br/0001182599176423
http://lattes.cnpq.br/0955392858700258
http://lattes.cnpq.br/0745670592897942
http://lattes.cnpq.br/7612995012334237

25" ABCM International Congress of Mechanical Engineering
October 20-25, 2019, Uberlandia, MG, Brazil

Tucci, P. J., Faber, C. N., dos Santos, L. and Antonio, E.L., 2007. “Slow inotropic response of intact left ventricle to

sudden dilation critically depends on a myocardial dialysable factor”. Clinical and Experimental Pharmacology
Physiology, Vol. 34(5-6), pp, 515-516.

6. RESPONSIBILITY NOTICE

The authors are the only responsible for the printed material included in this paper.



