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ABSTRACT

Centrifugal pumps are used in many applications in which non-Newtonian fluids are
involved, such as food industry and oil& gas applications, producing the pump performance
derating.

In order to give an overview of pros, cons of the different analytical approaches for pump
performance derating a literature review on the most significant advancesin thistopic will be
carried out. Moreover to deepen the knowledge about the internal flow and rheological
behavior inside the centrifugal pumps working with non-Newtonian fluids, a detailed CFD
analysis of two different pumpswill be carried out.

The analysiswill be focus on the apparent viscosity correction involved in the performance
derating with analytical methods and the effects of different types of fluid. Moreover the
comparison of the results with two pumps with very different typology, field of application,
and dimensionswill help to generalize the meaning of the analysis.
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NOMENCLATURE
Dimp  Impeller diameter [m] ® Pump rotation speed [rad/s]
Dn Equivalent hydraulic diameter [m] U Dynamic viscosity [Pas]
H  Total head [m] #a  Apparent viscosity [Pas]
n Efficiency [%] Hpl Plastic viscosity [Pas]
k Consistency index [Pgs Re =p- Dizmp “w/u Pump Reynolds
n Viscosity index number
v Shear rate [§ n' _ dIn(®
p Density [kg/m] d ln(f);;i)
Q Volume flow rate [n¥s] T Shear stress [Pa]
Vv Velocity of the fluid through pipe[m/s] ng = N-QY4H%* Specific speed [f{/s”9
N Pump rotation speed [rpm] P Shaft power [W]
z Number of blades BEP Best efficiency point
w Pump characteristic dimension [m] HI Hydraulic Institute

INTRODUCTION

Non-Newtonian fluids are characterized by a noedmrelation between shear stress and shear
rate and for this reason, their viscosity depenaishe local shear rate value. In this work the
rheology of the non-Newtonian fluid will be addreddy means of two quantities: (i) the apparent
viscosity that represents the ratio between tharshgess and shear rate values (Chhabra and
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Richardson, 1999) and (ii) the plastic viscosityirterl as the derivative of the shear stress/shear
rate curve (Walker and Goulas, 1984). Pump effoyemead and shaft power are affected by the
non-Newtonian behavior of the fluids as well ascase of Newtonian fluids with high viscosity
values. Therefore, the knowledge of non-Newtonilnd$ effect on the pump performance is
fundamental in the design process as well as irptlmep selection phase (manufacturers provide
pump performance obtained with water as operating)f

In literature, there is lack of knowledge about bBahavior of centrifugal pumps handling high
viscosity Newtonian fluids and even less regarding-Newtonian fluids, whose rheology follows
a non-Newtonian law. Among the pump performancedipt®en methods for high viscous
Newtonian fluids, HI method is the most widespréaditerature. For the non-Newtonian fluids
there is not a specific method for the performapiesictions, most of the authors apply the Hi
method relying on a representative value of vidgdgie: the plastic viscosity in agreement with
Walker and Goulas (1984), or the apparent viscosityagreement with Pullum et al. (2007), and
Sery et al. (2006). Moreover Walker and Goulas )9%nd Graham et al. (2009), in order to
predict the performance of the pump with non-Newaonproposed to correlate the Pump Reynolds
number with the head and efficiency, using twoed#ht way to determine the viscosity to calculate
the Pump Reynolds number.

In this paper several CFD analyses of two open-ll@peentrifugal pumps operating with non-
Newtonian pseudo-plastic fluids are reported. Thiksiels are considered isotropic with time-
independent rheological characteristics. The ptes®enk is in the frame of the analysis of pump
performance operating in particular conditions,hsas food and oil&gas industry. The two pumps
considered here are characterized by differentlogyo dimension and field of application. Three-
dimensional numerical analysis gives the possybilid evaluate the local shear rate and
consequently the performance without assumptioa i&presentative viscosity. The comparison of
the results coming from the CFD and the Walker @ulilas (1984) and Pullum et al. (2007)
approaches highlights the capability and the ¢sitis involved in this specific application.

LITERATURE REVIEW AND METHODS

In this paper an overview of the state of the mtierm of non-Newtonian fluid processing using
centrifugal pumps is carried out. Different appiuex and their capabilities to predict pump
performance related to the HI method are repoiféé. Hl is a well-established method to predict
pump performance for Newtonian fluids characteribgdconstant viscosity values higher than
water and uses a single viscosity value to pretietpump performance variation. Applying this
method to the case of non-Newtonian fluids, it $talefine a reference viscosity value able to
represent the characteristics of the non-Newtofiiads in to the pump. Three different approaches
can be used in order to obtain this value.

The first one is proposed by Walker and Goulas 4)9#here the dynamic viscosity used in the
HI method is replaced by the plastic viscosity oi#d at the highest value of the shear rate tested
during the rheological characterization of thedl@iisually within 100$ and 15009). The authors
have demonstrated that the pump performance is pretlicted near thBEP with a confidence
band of 5 % with respect to the experimental resusing a shear rate of 1508, ©ther authors
(Sery and Slatter, 2002 and Kalombo et al., 201@yehused this method obtaining wider
confidence band respect to the experimental data.

The second approach is proposed by Pullum et @07(2 The viscosity value used in the HI
method is equal to the apparent viscosity calcdlgteough the following steps. The flow inside the
pump is modeled with the assumption to be equivalenthe flow inside the circular pipe of
appropriate diametdd, evaluated as follows:
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The fluid dynamic assumption models the fluidjinge as laminar and, the shear rate is calculated
by means of Rabinowitsch-Mooney law

. 3n/+1\ 8w

v= ()5 3)

With this procedure it is possible to calculate #pparent viscosity used in the HI method. In this
approach the correct estimation of the pump charnatic dimension is the main issue. In order to
perform this, it is necessary to know in advanaegbmp head curve when operating with a non-
Newtonian fluid of known rheological characteripati In the Pullum et al. (2007) approach firstly
an initial value of the pump characteristic dimensw is evaluated, then a global non linear
minimization is applied to correet in order to minimize the error between the calmdahead and
the experimental head. The valuenofan now be used to predict the performance whiraluids
pumped by the same pump. In according to Pullunale(2007), if the flow is turbulent the
apparent viscosity is evaluated at a high shea. Rwllum et al. (2007), reported that a 10%
confidence bar can be obtained applying their ntetiibie Pullum et al. (2007) approach has been
later applied by Graham et al. (2009), Pullum et @011), Kalombo et al. (2014) and
Furlan et al. (2014). According to Graham et al0@) a value of approximately = 0,25Djm, can

be suitable for the prediction of the performanéeany pump, but Kalombo et al. (2014) and
Furlan et al. (2014) experimental data are in @sttwith this statement.

Kalombo et al. (2014) carried out a direct commarishowing that the method proposed by
Pullum et al. (2007) is able to predict the pumpcdhwith greater precision respect to the Walker
and Goulas (1984) method which, by contrast, perfobetter the estimation of the pump
efficiency.

The third, and last, method refers to the stratggposed by Sery et al. (2006). The authors
proposed the viscosity calculation in correspondeat the pump impeller average shear rate
determined using the method described in Metzndr@tho (1957). With this method, confidence
band of 5 % for the pump head and 20 % for the peffigiency have fixed.

In literature, there is lack of knowledge about ruical simulations of centrifugal pumps which
process non-Newtonian fluids. Beyond the analybmnoopen impeller centrifugal pump operating
with tomato paste (Buratto et al., 2015) whichhis basis of the present paper, two recent relevant
works in this field are Allali et al (2015), in wdhi the internal flow with different form of volutes
an open impeller pump is analyzed and Ye et all%2tn which the laminar/turbulent transition
inside an open impeller pump is studied. In thisecdhe authors put the attention on the effects of
shear stress, pump speed and fluid rheology.

NUMERICAL MODEL

In this work two centrifugal pumps are considerBdth machines have an open impeller but
several differences can be highlighted. Figure dorts the geometric characteristics and the
performance with water of the two pumps. Pump 1 designed for operating with dirty water,
Pump 2 was specifically designed for operating witmato paste and was analyzed in
Buratto et al. (2015).

The numerical simulations were carried outm®ans of the commercial CFD code ANSYS

Pump 1 Pump 2
R 18 103
Dip [m] 0.0955 0.61
z 7 3
H at BEP [m] 9.2 20
Q at BEP [m*/h] 445 5000
l N [rpm] 2900 903
a) il b) : P at BEP [kW] 0.19 317

Figure 1: a) theimpéller of Pump1, b) theimpeller of Pump 2 and pump characteristics
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CFX 15.0. A second-order high-resolution advecioheme was adopted to calculate the advection
terms in the discrete finite volume equations. Hmmulations were performed in a steady multiple
frame of reference, taking into account the contaay presence of moving and stationary
domains. In particular, a mixing plane approach wgsosed at the rotor/stator interface between
the impeller and the volute and between the impelled the inlet duct. A rotating frame of
reference approach was used for the impeller domvén a rotation speed of 2900 rpm and 903
rpm for Pump 1 and 2 respectively. For numericatleliog purposes, the fluids were treated as
incompressible and isothermal. As the inlet boupdaondition, a constant velocity value with
normal direction and a turbulent intensity equabt® was imposed. The no-slip wall boundary
condition was used for all the solid surfaces.# butlet, a static pressure condition was used. As
turbulence model, standardekis chosen. This model has shown successful apiplsain the
simulation of centrifugal pump as reported, fortamee, by Zubanov et al. (2015) and
Song et al. (2003). Figure 2 reports the numedcahains used in the present work. Both pumps
are provided by a single impeller coupled with dute The numerical model comprises also the
inlet and outlet ducts modeled as a stationary doma

The grid used in the calculations is a hybrid grisnposed of tetrahedral elements on the core
and prismatic elements on walls. Pump 1 is disoedtiby using 11,238,529 elements while,
Pump 2 is discretized by using 9,769,415 elemdnitgures 3a and 3b report the comparison
between numerical and experimental data, obtaisewwater as process fluid, for Pump 1 and 2
respectively. The numerical results obtained fompul are in good agreement with the
experimental data. For Pump 2, the performanceectitend and shape are well reproduced by the
numerical simulation but a high discrepancy betweamerical and experimental values can be
noticed (in Fig. 3b, error bar are equal to 20 H)is can explained by considering that the
experimental data for Pump 2 were obtained durimgnp operation, directly connected with the
industrial plant, equipped with portable instients, which were installed in accessible sastio

Inlet duct
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Impeller
(rotating)

)/

Inlet duct
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)

Volute and outlet duct
(stationary)

Volute and outlet duct

(stationary)
Impeller

a) (rotating)

b)
Figure 2: Numerical domains: a) Pump 1 and b) Pump 2
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Flgure 3 Comparlson between CFD and experimental results with water: a) Pump 1 with

3% error bar and b) Pump 2 with 20 % error bar
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along the circuit rather than in the most apprdpripositions. To better asses the simulation
reliability, a grid independence analysis was besmied out to achieve the highest confidence as
possible in the numerical results. The grid usatiesresult of this independence study, which is no
reported in detail here, but more information carfdund in Buratto et al. (2015).

Table 1 reports the characteristics of the non-NMewn fluids used in this analysis. Each fluid is
labelled by an alphanumeric code that containy#ih@ées of the consistency index and the viscosity
index. In this work, pseudo-plastic fluids are aoswvith time-independent characteristics. The
numerical modelisation is implemented using a pdasr(Ostwald de Waele model)

T=k-y" (4)

in the shear rate range betweert 3 and 10 s. As reported by Chabra and Richardson (1999),
power law is the simplest representation of pseuldstic behavior and is the most widely used
model in the literature dealing with process engiimgy applications. The model constaktandn

are varied in order to perform a wider sensitiahalysis. All fluids are characterized by a density
value of 1100 kg/rh

RESULTS

Performance analysis
Figure 4 reports the pump performance obtained @D numerical simulations in the case of
water and non-Newtonian fluids. Processing non-Neian fluids, the pump shaft power increases
while the efficiency and pump head decrease. Isangathe apparent viscosity at high shear rate
(higher values ok andn), pump head and efficiency decrease while thet g@ker increases.
Comparing Pump 1 and 2 it is clear how the samd flaplies different performance modification
(fluids K10NO0.25, K10NO.5 and K10NO.75). Pump 1 eas more sensible to the fluid viscosity. In
particular, the non-Newtonian behavior implies ¢gegoerformance deration for the Pump 1
characterized by lower values of specific speed.Htonp 1 in the case of fluid K2NO0.25, the pump
head increases respect to water showing a phenonsnolar to the sudden rising head effect
(Li 2011) obtained with newtonian fluid slightly me viscous than water and due to the low
specific speed value as reported by LazarkiewiczTanskolanski (1965).

Shear Rate Analysis

The analytical methods presented before rely orestienation of a representative value of shear
rate to calculate the viscosity. CFD analysis re@nés an useful tool able to estimate this quantity
strongly related to the internal flow field and nmoeasurable by means of experimental methods.
Centrifugal pumps are characterized by a three-dasmo@al fluid structures that imply local
variation of the shear rate values and in turnalla@riation of the apparent viscosity with non-
Newtonian fluids. As reported in Buratto et £015) internal flow structure and locarge-

Table 1: Fluid characteristics divided according to the type of pump
Pump 1 Pump 2
Fluid k [Pas] n Fluid k [Pas] n
K2N0.25 2 0.25 K10NO.25 10 0.25
K2N0.5 2 0.50 K10NO.5 10 0.50
K2N0.75 2 0.75 K10NO.75 10 0.75
K6NO.25 6 0.25 K100NO.25 100 0.25
K6NO.5 6 0.50 K100NO.5 100 0.50
K6NO.75 6 0.75 K100NO.75 100 0.75
K10NO.25 10 0.25 K200N0.25 200 0.25
K10NO.5 10 0.50 K200NO.5 200 0.50
K10NO.75 10 0.75 K200N0.75 200 0.75
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Figure 4: CFD Pump performance according to fluid characteristics

dimensional phenomena like tip leakage are relatethe fluid rheology. Figure 5 reports the
apparent viscosity on the impeller surface for bmtimps. Table 2 reports the average shear rate
values according to the pump regions (indicateBign 6) and for five values of flow rate for each
pump. The average shear rate value assumes higher elose to the walls, and as consequence,
the average apparent viscosity assumes the lovadsess in these regions. By contrast, higher
values of average apparent viscosity is reachethencore of the volume (far from the walls)
especially in the volute region. Finally, averapea rate values increase as a function of the flow
rate provided by the pump in both cases but foh Ipoimps the average shear rate on the blade tip
and impeller back plate is not varying with respecthe flow rate. The independency of the back
plate shear rate values from the pump flow rate iaréine with those reported in literature
(Lazarkiewicz and Troskolanski, 1965) highlightigat the CFD solution are reliable and
representative of the actual pump operation.

For Pump 1 the average shear rate is also cormtahe trailing edge. Comparing the same flow
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Figure 5: Apparent viscosity on the impeller: a) Pump 1 processing the fluid K6NO.5 at
4 m3h, b) Pump 2 processing the fluid K 1200N0.5 at 4000 m%h

Table 2: Average shear rate [s"] calculated through CFD simulations on the volumes and
surfaces of the two pumpsvarying the flow rate

Q volumes surfaces
Pump Fluid [m¥/h] Impeller | Volute Blade | Hub Impeller | Leading | Trailing Blgde
volume | volume back plate edge edge tip
1 K6NO0.75 1.5 2207 685 464 1497 5073 4306 10324 8744
1 K6NO0.75 2.0 2231 760 483 1677 5073 5491 10359 9044
1 K6NO0.75 25 2258 831 502 1885 5073 6639 104386 9414
1 K6NO0.75 3.0 2287 902 522 2100 5073 7797 10412 9884
1 K6NO0.75 35 2318 974 542 2317 5073 8870 10344 0225
2 K200NO0.5 2000 248 44 263 83% 1660 82 3768 2527
2 K200NO0.5 2500 242 50 281 1047 1633 8510 3709 74252
2 K200NO.5 3000 243 54 302 1348 1633 9505 3888 0@52
2 K200NO0.5 3500 251 56 320 1641 1646 10260 43p2 09@5
2 K200NO0.5 4000 255 59 339 1935 1664 11191 42418 8624
-
impeller volume
/ volute volume \
a) b)
leading edge
blade tip /
hub
trailing edge
: y
c) k_// impeller back q d)

plate
Figure 6: Reference names for parts of the pumps. a) names of volumes of Pump 1, b) names
of volumes of Pump 2, ¢) names of surfaces of Pump 1, d) names of surfaces of Pump 2
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rate varying the fluid characteristics (variatidrttee values of indexdsandn) other considerations
can be done. Table 3 and 4 reports this analyghdighting that by increasing the valueskadndn

the average shear rate decreases for both pumedadthanalysis refers to the comparison between
Pump 1 and 2 operating with the same fluid (K10Npat the BEP. Table 5 shows that in Pump 1
greater values of average shear rate are calculatéige volumes (impeller and volute) while lower
values can be found closer to the walls respe&uimp 2. This means that the shear rate pattern,
and in turn, the viscosity, depends on the pump.

PUMP PERFORMANCE ESTIMATION USING THE HYDRAULIC
METHOD

In the last part of this work, the analytical maproposed by Walker and Goulas (1984) and
Pullum et al. (2007) are applied to both pumps. Viseosity estimated by these models was used
in the Hydraulic Institute method (ANSI/HI 9.6.70@®4) for predicting the pump performance. The
outcome of this methods is compared to the CFD migaleesults above presented.

INSTITUTE

Walker and Goulas Method
In this paper the plastic viscosity was evaluatetha shear rate of 1500",sas suggested by
Walker and Goulas (1984). In Fig. 7 the consoa between the CFD results and the model

Table 3: Average shear rate [s'] calculated through CFD simulations on the volumes and
surfaces of the two pumps at constant value of n and flow rate (3.5 m%h for Pump 1 and
4000 m*h for Pump 2) whilevarying k

volumes surfaces
Pump  Fluid Impeller | Volute Impeller | Leading | Trailing | Blade
volume | volume Blade | Hub back plate edge edge tip
1 K2NO0.5 3657 1496 35099 22640 47334 124494 721752193
1 K6NO.5 3320 1343 1468p 11291 23125 58549 31364 9016
1 K10NO0.5 3015 1168 9736 7979 166964 39481 20466 32454
2 K10NO0.5 329 78 18167 10290 12789 37423 21762 3080
2 K100NO0.5 265 68 4792 2778 2689 1526 487 31192
2 K200NO0.5 255 59 3396 1955 1664 1110 424 24868

Table 4: Average shear rate [s'] calculated through CFD simulations on the volumes and
surfaces of the two pumps at constant value of n and flow rate (3.5 m%h for Pump 1 and

4000 m*h for Pump 2) whilevarying n

volumes surfaces
Pump Fluid Impeller | Volute Impeller | Leading | Trailing | Blade
volume | volume Blade | Hub back plate edge edge tip

1 K6NO0.25 3193 1389 14142583188| 168933 280564] 235133 136651
1 KB6NO.5 3320 1343 14689 11291 23125 58549 31364 16901

1 K6NO.75 2318 974 54271  231f 5073 887D 103p4 15022
2 K100NO0.25) 311 75 22012| 13008 16901 45963 25669 66689

2 K100NO0.5 265 68 4792 2778 2689 15243 4896 31192
2 K100NO.75) 247 56 1927 858 957 4390 2094 20000

Table 5: Comparison average shear rate [s'] with K10NO.75 at BEP on the volumes and
surfaces of every pump

volumes surfaces
Pump | Impeller | Volute Impeller | Leading | Trailing | Blade
Blade | Hub )
volume | volume back plate edge edge tip
1 2072 516 4015 960 3729 424 101¢7 13483
2 282 80 4591| 262 4713 1201 378 25396
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Figure 7: Comparison between CFD and Walker and Goulas (W.G.) method results

prediction with Walker and Goulas method is rephrteor Pump 1, the 95 % of the Walker and
Goulas points for pump head is comprises in thgedr28 %, 10 %] respect to the CFD results
while for the Pump 2 this range assumes the vatfigs22 %, 12 %]. The pump efficiency has
different values for this range, in particular, Rufinhas a range of [-16 %, 13 %] while Pump 2 has
a range equal to [-4 %, 61 %]. If the pump workshwa fluid which is responsible for a great
decrease of performance respect to the water,itfegethce between CFD and Walker and Goulas
results is greater, especially for the fluids KZRg). K6NO0.75 and K10NO.75 for Pump 1 and
K100NO.75 and K200NO.75 for Pump 2 (see Fig. 4 ioore details about performance
characteristics).

Pullum et al. Method

The Pullum et al. (2007) method is based on thenaibn ofw. In this workw was obtained
with an iterative method based on guessingitivalue used in the head prediction by the method of
Pullum et al (2007) in order to minimize the diface with respect to the pump head calculated via
CFD simulations. This procedure was carried outdochosen fluid. The minimization of the
difference was based on the least squares erroulaabn and thev obtained at the end of the
procedure was used to predict the performance with other fluids. Figure 8 reports the
comparison between CFD results and the model pgredsc The Pullum points of Pump 1 are
obtained using a characteristic dimension equél.®652 m \{/Dimp = 6.8 %) based on the head
CFD obtained with the fluid K6NO.5. The Pullum pisinof Pump 2 are obtained using a
characteristic dimension equal to 0.0915wil.n, = 15 %) based on the head CFD obtained with
the fluid KIOONO.5. For Pump 1, the 95 % of theliul points for pump head is comprises in the
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Figure 8: Comparison between CFD and Pullum et al. method results

range of [-28 %, 8 %], while for the Pump 2 thisga assumes the values of [-28 %, 5 %]. The
pump efficiency has different values for this ranigeparticular, Pump 1 has a range of [-18 %, 16
%] while Pump 2 has a range equal to [-2 %, 52 Wlhe pump works with a fluid which is
responsible for a great decrease of performangeecedo the water, the difference is greater,
especially for the fluids K2N0.75, K6NO.75 and KI@K5 for Pump 1 and K100NO.75 and
K200NO.75 for Pump 2 (see Fig. 4 for more detdiswa performance characteristics).

Remarksand Criticisms

Table 6 summarizes the comparison between CFD aatiyteal methods. Both methods
provide almost same variations with respect to @#® results even if the two pumps are very
different in terms of size and power. Walker andulas (1984) and Pullum et al. (2007) methods
are in agreement with CFD in the case of fluid mal the pump derating is low.

Walker and Goulas (1984) approach uses the valutheofplastic viscosity, obtained at the
highest value of the shear rate tested duringtthelogical characterization of the fluid, into tHe
method, without providing a clear motivation forstlthoice. In this approach the fluid is modeled
as a Bingham non-Newtonian fluid where the estiomatf the representative viscosity of the fluid
does not take into account the yield stress but thd plastic viscosity. Walker and Goulas (1984)
assuming 1500 sas a representative value of shear rate, obtaineohfidence band of 5 % of
analytical predictions respect to experimental ltssbut other authors (Sery and Slatter, 2002 and
Kalombo et al.,, 2014) found an even wider confidgeband. In the present work the variation
obtained between the CFD results and the modelqgtieal is higher than 5 %. This is probably due
to the fact that the flow field inside the cénigal pump is three-dimensional and the shede
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Table 6: Summary of the error margin respect CFD obtained by Walker and Goulas and
Pullum et al. approach

Walker and Goulas Pullum et al.
Head — Pump 1 [-28 %, 10 %] [-28 %, 8 %]
Head - Pump 2 [-22 %, 12 %] [-28 %, 5 %]
Efficiency - Pump 1 [-16 %, 13 %] [-18 %, 16 %]
Efficiency - Pump 2 [-4 %, 61 %] [-2 %, 52 %]

changes according to the pump geometry, flow ratational velocity and fluid characteristics. For
these reasons, the value of shear rate at whielhsrdfe calculation of the plastic viscosity it
intended as a representative value, hardly gemaldé and specific for each studied case.

Pullum et al. (2007) approach uses the value ohfgarent viscosity, into the HI method. The
apparent viscosity seems to be more suitable va#ipact to the plastic viscosity that has no
fundamental rheological meaning as reported by @rakt al. (2009). The shear rate value that
corresponds to the apparent viscosity is estimasaty the Rabinowitsch-Mooney correlation able
to take into account the characteristic dimensibthe pump. This correlation takes into account
the shear rate variation related to the variatibthe pump flow rate and the fluid characteristics
(through the exponem). This method appears more suitable for taking iatcount different
aspect of pump and fluids, but at the same timea do¢ consider the influence of the coefficiknt
that, in the same way of the exponantmodifies the pump performance as reported irptiesent
work.

The analysis reported in the present paper shosesthht the pump characteristic dimension,
and then the hydraulic diameter of the RabinowHsldoney equation, depends on the fluid
characteristics (see Tables 7 and 8). This evidénda contrast with the method reported by
Pullum et al. (2007) which use the same values fafr all type of fluid. For example, in the case of
Pump 1, with the fluid K1ONO.5y is three times greater than the case with the #8NO0.75 and
for the Pump 2, with the fluid K10NO.2%y is eleven times greater than the case with thd flu
K200NO0.75. The present analysis demonstrates trext & the case of same fluids (K10NO.25,
K10NO.5 e K10NO.75) the rati/Dinp assumes different values for the two pumps (asrteg in
the Tables 7 and 8), in agreement with Kalombd.€2814) and Furlan et al. (2014) and contrarily
with those reported by Graham et al. (2009) whisBumes that the relation/Din, = 25 %
represents an universal relation that could be usedany combination of pump and fluid.
Therefore, as a function of the hydraulic diametiee, value of shear rate and in turn, the value of
the apparent viscosity changes according to the €lnaracteristics.

In the present work, the variation between the iptsh obtained by the Pullum method and the
CFD results is greater with respect to those replorin literature (Pullum et al.,, 2007,
Graham et al., 2009 and Kalombo et al., 2014) ans probably due to the sensible difference
between the rheological behavior of the fluids dated which needs different values of
characteristic dimension of the pump to be propespresented.

Table7: Pump 1- Characteristic dimension and equivalent duct diameter
| k2no0.25 | k2nos | k2no.75 | keno.25 | kenos | keno.7s | k 10n0.25 | K 10N05 | K 10N0.75
wim] | 0.00300| 0.0059$ 0.00352| 0.00484 0.006420.00285 0.00623] 0.0075p 0.00293
Do [m] | 0.00504| 0.01160 0.00696| 0.00054 0.012400.00565| 0.01220] 0.0146b 0.00580
WD %] | 3.1 6.1 37 5.1 6.8 3.0 6.5 7.9 31

Table 8: Pump 2 - Characteristic dimension and equivalent duct diameter
| K10n0.25 | K10N0.5 | K 10N0.75 | K 100N0.25 | K 200N0.5 | K 200N0.75 | K 200N0.25 | K 200N0.5 | K 200N0.75

w [m] 0.2290 0.1460 0.0397 0.1460 0.091p 0.02 &D13| 0.0842 0.0215
Dy [m] 0.4090 0.2710 0.0778 0.2710 0.175p 0.05 &D25| 0.1610 0.0425
W/Dinp [%0] 37.5 23.9 6.5 23.9 15.0 4.3 22.6 13. 3.5
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CONCLUSIONS

In this paper a detailed analysis of the analytinathods for predicting the pump performance
operating with non-Newtonian fluids is reported.e$& models allow for the calculation of the
viscosity value used in the Hydraulic Institute hoets. These methods has been developed to
provide the modification of the pump head and &fficy according to the fluids characteristics.
The model evaluation is based on CFD numericalyaisatelated to two types of centrifugal pump
that differ from size and specific speed. The nuca¢results, have shown that centrifugal pumps
with greater value of specific speed are muchdessitive to the fluid viscosity.

The model prediction for the pump performance sebleon the shear rate values. CFD analysis
has shown that the shear rate varies from regioedion inside the pump, and it is very difficudt t
define an unique value that represents the pumpatpg condition. In addition, these values are
subjected by pump flow rate and fluid charactersstFor these reasons, in the last part of thikwor
a detailed comparison is proposed in order to skapros and cons of the analytic methods. Both
methods shown results comparable to CFD ones,tlibeasame time, some model parameters are
considered constant and not dependent to the ppeyifis speed and fluids characteristics as state
instead by CFD results.

In the future, based on the CFD tools, analyticatlels could be improved becoming an even
more useful tool during the pump design procesdrom the user point of view, a ready-to-use
calculation able to link the pump performance oledi for water into pump performance
representative to the pump operation with non-Naiato fluid. Further development, using CFD
transient calculation, will be devoted to discotte® modification of the radial equilibrium related
to the different rheology of the processed fluidorder to enhance the reliability of the non-
Newtonian pump design.
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