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Introduction

) Flow inside the pump
J Highly complicated

J Can be successfully simulated using CFD

) Predicting the pump performance
characteristics without

J performing the time consuming and
challenging CFD calculations

] The aim of this thesis

. To develop a pump performance prediction code
using theoretical and empirical energy loss equations
from the literature
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Introduction
Literature

. There are well known books on pump design topic by
Pfleiderer, Gulich and Tuzson

) Loss correlations of Hamkins and Dick are performed for
the prediction off-design conditions

) Wiesner developed a formula for the prediction of slip
factors

) Blade loading losses are calculated via Pearsall’s formula
adapted to centrifugal pumps by Myles

J Various CFD simulation models of centrifugal pumps have
been presented in literature
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Pump Theory

Three characteristic dimensions should be known in the
design calculation of a centrifugal pump

> H_: Delivery head (m)
> Q: Flow rate (m3/s)
° n: Rotational speed (rpm)

N
Y4

1
[ .
I 1
I 1
I 1
I 1
I 1
I 1
I 1
: |
I - — _=_. - - - - - - l— - - — - —
: High head Medium head; Low head Mixed flow Axial flow
: impeller impeller : impeller impeller propeller
I 1
|\nq up to 90 up to 150 ,' up to 250 up to 580 500 to 1400
N o e e s’
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Pump Theory

Design of impeller

Main dimensions of impeller ~ -

D, = Inlet diameter I

b, = Inlet blade width

b, = Outlet blade width

D, = Pump shaft diameter i

R

Dlo
D,

Dii

D

D, = Impeller hub diameter
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Pump Theory
Design of impeller

Inlet conditions

A Outlet conditions

The velocity triangle is described by three vectors:
» Circumferential velocity, u

multiplication of angular velocity w, and impeller
radius r

: n, ~ Relative velocity, w
"\ ___—==="T"" > Absolute velocity, c

e | which is obtained through the vectorial addition
'\ I ofuandw
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Pump Theory

Design of volute

(JThe gradually increasing
volute flow cross sections are

I
/ﬂ’//@ ' 7‘“’ l
- /
calculated from the flow rate , . — 61 :
. /////‘-»"I 2 4 | ¢
and from an average velocity /% X k
. ] —
at the volute cross section // < 19 A Rys
Y e '
center. // IS A4 . | \
il aAs e S s 4 -
(AThe usual flow model A | ;\i_, | _
assumes that t.he impe.ller ’9,,' \ o N\ 7 /// |
outlet tangential velocity AL 20 I
decreases in proportion to the "',,' o ~
radius to maintain constant .

angular momentum.
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Pump Theory

Loss models

JTheoretical head
Slip factor
Jinlet loss

JImpeller losses
o Mismatching loss
o Friction loss
o Blade loading loss

JVolute losses
o Mismatching loss
o Friction loss
o Diffusor loss

I Disc friction loss

Euler head

Recirculation losses

Leakage
Flow friction

Incidence
Pump curve
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Pump Theory

Loss models

J Theoretical head (H,,) is calculated from Euler's pump
equation, which gives the conservation of angular momentum
across the impeller.

JThe slip phenomenon has a strong influence on the working
condition of centrifugal pumps. several methods have been
proposed by a large number of authors, Stodola, Busemann,
Stanitz, Wiesner, Backstrom etc.

JWiesner obtained an empirical formula that predicts the slip
factor, 0. The formula includes the relation of outlet blade
angle 3,, and number of blades, Z.
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Pump Theory

Loss models

J Tangential component of the absolute velocity cu, can be
found by extracting tangential component of the relative
velocity wu, from the peripheral velocity u,, by taking into
account of slip factor as ou,

MARMARA UNIVERSITY 12




Pump Theory

Code implementation

JThe pump design and performance
optimization software has been
implemented on Java 1.8 using Java FX.

JEclipse which is an integrated
development environment (IDE) is used in
computer programming. The user interface
has been created and edited using the
Scene Builder software which is integrated
with JavaFx.
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Pump Theory

Code implementation

® | Pump Design

wrap angle

angle b2/b1

/ Flow Rate I/min\

Update Calculation

Specific Speed

nsq

Hydraulic Eff.

Volumetric Eff.

Mechanical Eff.

Overall Eff.
Output Power kW
Input Power kW
Torque Nm
Dshaft [:]
Dhub mm

Calculat:

Losses

Volute

Delivery Head m b3 mm
Speed RPM D3 L:] mm
Fluid Density = 1000 kg/mi t D mm
Viscosity | 1 cSt D mmn
\ / v_df m/s
Impeller Inlet Impeller Outlet
co m/s u2 m/s
mm C1 ~ m/s D2 mm
Cm1 m/ u2 m/s
D1 mm Cm2 m/s
Did mm Cu2 m/s
D1i mm Hmax m
ul m/s B2-0 :
uld m/ g2 2
uli m/s z @
mm P10 I mm
p1 i A2
p1d I b2 mm
Bli angle b2/b1 C] i
bl mm Al
bl mm

impeller | volute

J Performing initial calculations
* Flow rate (Q)

* Delivery head (H)
* Pump speed (n) are entered

1 Calculations can be modified by
pressing ‘Update Calculation’

] ‘Calculate Losses’ button executes

the loss calculation and opens a
new pop-up window that shows
the losses
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Pump Theory

Code implementation

) Delivery head at

design point and off-
design conditions are
obtained.

. The design can be

modified if the final
results are below the
desired values by
returning to the
previous window.

) Iterations end by

obtaining the

— O

" Losses
; ( impeller L
Theoretical o mpeller Losses
Head Inlet Loss HO
DR oD m | Mismatching
o5 Loss '
Impeller ?
RESULTING HEAD Friction Loss Hi2
5 | m Blade Hi3
Loading Loss
.
Losses Qi1 Q2 Q3

Theoretical Head
Disk Friction Loss
Inlet Loss

Impeller Mismatching
Impeller Friction Loss
Blade Loading Loss
Volute Mismatching
Volute Friction Loss
Diffusor Loss

TOTAL HEAD

( Volute Losses

Mismatching Hy1
Loss

Vi
e Hv2
Friction Loss
Di
iffusor Hd
Loss
(.
Q4 Qs Q6

nerformance curve
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Pump Theory
CFD Analysis - Pre-processing

J Solid modeling

) Creating domains
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Pump Theory

CFD Analysis - Pre-processing

J Meshing

* Impeller domain have a critical role for calculations.
Therefore impeller has more elements compare to inlet and
outlet.

* Interiors between impeller - inlet domain and impeller-
outlet domain have smaller mesh size due to higher accuracy
of analysis.
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Pump Theory
CFD Analysis - Pre- processmg

J Meshing

* Boundary layer mesh (inflation) was
applied and layer compression method is
selected to preserve the number of layers

* The quality of the resulting grid was
checked with the skewness parameter

Mesh Metrics
Controls l

e Bt ]

790,00

Tetd —p— N € 06

700,00
g 600,00

B 500,00
2
S 400.00
g 300,00
2 200,00

-y L 3 3 1 1 1

0,80 0,81 083 0.64 085
Element Metrics

0,00
086 083 089 090
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Pump Theory
CFD Analysis - Pre-processing

] Solver settings T T ————

Outine | Domain: donerdo 8 oEeraQaa® G O m
i = L Sl

Detais of donerdoin Flow Analysis 1
BascSettngs | FludModels | Inibalizaton

v" The fluid is incompressible and == .-

Flud Temperatire | 25[C]

the rotation of the impeller was == ... .-

Wal Function | Automatic

performed with MRF (Multiple sz
Reference Frame) AT

Opton |None
[] Electromagnetic Model

v’ Steady state analysis were
performed.

v k-w based Shear Stress
Transport model was used as
the turbulence model e

| Close

v' Static meshing is applied for all
domains
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Pump Theory
CFD Analysis - Pre-processing

) Boundary Conditions

Inlet Outlet
* The mass flow rate (kg/s)is ~ ° Static pressure of O Pa
defined normal to the flow (atmospheric pressure) was

direction of the inlet boundary ~ defined at the pump outlet

-

e . - - -
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Pump Theory

Experimental Setup

JPump-1 outlet &9 i
is connected to
G2 T-pipe,

JAPump-2is
connected to
G1% T-pipe,

JPump-3is
connected to
G1% T-pipe.
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Results and Discussion
Loss correlation predictions

Design Parameters- =, Hm, N

lculati |
Calculationof (N}

The main design parameters -1

1 Wy |
i/ Impeller N

JFlow rate, Q ol

i I:./"'ﬁ??fusgf ] i
JDelivery head, H,, {osen |
' A Volute ™,

IRotational speed, n | \_Design |

DESIGN MODULE

_________________________

The calculations can be repeated | ey,
for each design until the desired praiiod) U A

. . dimensions | | _~Loss calculation of each ™. !
pump performance is achieved L T ot 1]

|~ He=f(Qcurve 7 |
i i R |

1

. Determining actuaxl“‘\I
“_ Hm=f(Q)curve -

LOSS CALCULATION MODULE

______________________
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Results and Discussion
Loss correlation predictions — Pump-1

o - — . --m
5 Theoretical Impelier Losses Volute Losses Sy bo a ue
—] Hth | 2638 m
wrap angle | 1100 Head Inlet Loss HO 005 Mismatching Hvl 522
Disk Friction
Hdf 058 m Mismatching Loss
woen2e (16 tos M e (00 | | Ve o D, 65 mm
— T |mpelier 5 Friction Loss =
RESULTING HEAD Friction Loss 2 o7 Ditfusor
e 142 mm
H m Blage H3 | 005 Loss
Loading Loss
— - " - - 2 v 19 : 7 5 m m
Specitic Speed | 1388 Theoretical Head 3241 30.40 2839 2437 2236 2036
Disk Friction Loss 117 088 070 0.50 044 039
nsq 38.05
: : : Inlet Loss 001 002 003 007 009 on 9 . 9 mm
00 naminal 6799 |70 Jmm C1 333 ~ 349 ms 02 152 |14 jmm Impeller Mismatching 0.7 033 007 012 043 092
Hydraulic EfY 8500 | % cmi 315 m/s w2 05 mis Impeller Friction Loss ~ 0.17 031 048 095 124 157 B 2 2 °
Blade Loading Loss 0.00 0.00 0.01 on 017 025 1
Volumetric Eff. 9753 | % 01 650 mm Cm2 2435 mfs
—— Volute Mismatching 954 7.96 652 407 306 219 o
I 7 o m/:
Mechanical €87, CEES) ™ g Bl it Eotll o Volute Friction Loss 0,83 147 230 451 590 746 26
Overall Efr. 8041 % DU | 570 mm Hmax | 25.70 'm Diffusor Loss 015 026 041 0.80 104 132
OutputPower | 147 | AW W 987 mjs p20 w02 ° TOTAL HEAD 22.10 2093 19.26 1425 1088 692 - 6 _
S s
Input Power 183w uld 1108 m/s 82 |2 168 3 .
Torque 6oz | n Gl 266 mfs 3 ET 32| Theorctica ”c“d\ 5 mm
= = —, = 30 o]
Danatt 136 [0 | mm 810 127 e [50 |mm 28
. [ (a0 |
f ] m |20 2 oss 26
- == ! 2 2900 rpm
B4 199 b2 1118 95 mm g 2 Actual Head ,
. < 20 |
3 200 1 | B .
Calclate i swewrt| o | SEED g s 600 I/min
=
Losses bl 245 mm A 061 b 16
p—— £ 14
ol 26.24 ‘ 1975 ] mm 2 12
S 10| [Total Head Loss,
=] IR ST Tr £
8
6
4
2
O |

0 100 200 P0 400 00 @O0 0O 0 DO 1000
Flow Rate, I/min

MARMARA UNIVERSITY




Results and Discussion
Loss correlation predictions — Pump-2

A" Pump Design

09 nomina! 5386 | &8

HouicEr. 815 | %
Volumewric 8 | 9750 | %
Mechanical £17 [?l[ x
Overad £11. W N
OutputPower 024 W

input Power 0S7 W

Torque 188 Nm
Dshaft 838 | 16
Dhut [ wo l mm
Colculate
Losses

450

10

0

683

188

st 18

wgenamt | 290 | [ 38

Volute

o (25 |mm
oy 1080 | 1080 |mem

t [—!‘R_J men

e 18 [1s mm
| Enn 0

o | 38 m/s

impelier Outlet
w s mh
o2 |e77 |[108 ]M

Cu2 672 ‘m)s
Mmaw | 21321 m
p2o s

2 (3] 1
: 5]

A2 087

LH L 156 mm

Al 055

ot | 263 [M5 | em

B Losses - u]
Theoreti Impelier Losses Volute Losses
<52 w1689 |m
Head Inlet Loss HO 008 'm | |Mismawching Hvi 383
Disk Friction
Hdf 030 m Mismatching Loss
Hl 018 m
Loss Loss Yo W2 236
Impelier 2 Friction Loss
RESULTING HEAD Friction Loss o Rl Ditfusor
Blade Loss 05
« [352]m ws (a3 |m
m Loading Loss
Losses Ql Q2 Q3 Q4 Qs Q6
Theoretical Head 1892 1824 17.57 1621 1553 1485
Disk Friction Loss 097 069 055 039 034 030
Inlet Loss 002 003 005 on 014 018
Impeller Mismatching  0.17 002 0.02 049 095 157
Impeller Friction Loss 0.12 021 033 0.65 0.85 1.07
Blade Loading Loss 008 018 028 050 062 075
Volute Mismatching 572 5.04 a4 327 276 230
Volute Friction Loss 060 1.06 1.66 3.25 424 537
Diffusor Loss 0.09 017 026 051 0.66 084
TOTAL HEAD 1304 1222 1nn 7.84 565 3.09
20
Theoretical Head
18
16
g 14
o Actual Head
g 12 e
=
B 10
<
z 8
<
R 6 | Total Head Loss o -~~~
4
2
0
0 50 100 150 200 250 300 350 400 450 500

Flow Rate I/min
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Results and Discussion
Loss correlation predictions — Pump-3

® ' Pump Design 5 Losses - [m] X

Symbol | Value

8 Impeller Losses Volute Losses
Flow Rate Volute Theoretical 1534 |m =
wrap angle err iy Head Infetloss  HD | 004 Mismatching fvi | 388
elivel ea
! bt (044 T | Mg = 35 mm
angle b2/b1 Loss fr H1 009 m | |volue
Speed Fricti Hv2 | 256
Impelier 0 o = riction Loss
i
Fluid Density RESULTING HEAD Friction Loss . Diffusor ol
Blage = 94 mm

H3 000 m

Viscosity | 1 Loading Loss
| Update Calculation T
) iCallate, Losses a1 @ s s as as 17.5 mm
i Theoretical Head 1491 1472 1453 14.15 1396 1377
Specific Speed | 91.10 Impeller Inlet Impeller Outlet
Disk Friction Loss 131 0.99 079 0.56 049 044
nsq 24.96 o |2 2 | 1325
ZEL, |imis & m/s Inlet Loss 001 002 003 005 007 008 1 2 . 1 mm
DO nominal 39.76 @ mm Cl | 295 |~ 309 |m/s D2 | 873 mm Impeller Mismatching 037 025 0.16 004 001 000
HydraulicEf. | 77.69 | % cml 200 'm/s w2 | 1427 |m/s Impeller Friction Loss ~ 0.01 002 003 007 009 o 2 6 ©
Blade Loading Lo 0.00 0.00 0.00 0.00 000 0.00
VolumetricEff. | 96.75 | % D1 | 330 |mm Cm2 | 152 |m/s el izl b
Volute Mismatching 467 440 414 364 340 397 °
i cu2 | 7.96
Mechanical Eff. D1di] 380, jum 2 m/ Volute Friction Loss 0,63 111 174 341 446 564 38
Overall Eff. 7291 | % Dii | 280 |mm Hmax | 10.39 'm Diffusor Loss 0.06 011 017 033 043 054
i | w501 |mys g0 136 ° TOTAL HEAD 1048 9.79 905 718 601 466 5 _

Input Power 024 | kW uld | 577 'm/s B2 e 407 16
Torque 080 | Nm uli | 425 |m/s z @ 72 Theoretical Head
i G "
5 e mm

Dshaft 6.97

- -

J i 2
Dhub p1 A2 | 092 z 12 2900 rpm
pid | 232 |° b2 | 501 =10 Actual Head
Calculate ; 1 2
Bli | 29.2 angleb2/bl | 24.0 = | .
= g 120 |/min
bl 15.3 mm AL 067 3
Z 6
bl | 14.85 o =
= 4 Total Head Loss o -~
2
0

0 20 40 60 80 100 120 140 160 180 200
Flow Rate I/min
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Results and Discussion
CFD Results

J Approximately 450 iterations were run to reach the
convergence criteria of residuals.

) Residual type of RMS (root mean square) is selected.

Momentum and Mass Turbulence (KO)
1.0e+00 1.0e+10 o

Accumulated Time Step Accumulated Time Step

| — RM5P-Mass —— RM5U-Mom =—— RMSV-Mom RMS W-Mom | | —— RMS KTurbkE —— RMS O-TurbFreg |
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Results and Discussion

CFD Results — Pump-1

Pressure

AP
(bar)
2.03 20.71

1.82 18.56

1.1 11.22
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Results and Discussion
CFD Results — Pump-2

pet B
N,
150 l/min 300 l/min 450 l/min

Flow rate AP
(1/min) (bar)
1.03

10.51
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Results and Discussion
CFD Results — Pump-3

60 imin " 120 l/min 8.

Flow rate AP
(1/min) (bar)
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Results and Discussion
Comparison of Results — Pump-1

30 | ‘
28 | ‘
26 | ‘
20 =0 |
e e . ‘
E 20 * ~ ST ‘ ‘
.-c'\ 18 ' e TPl |
s 0 S x
qt.: 1 2 1 N b \ \CF D Resulis
> N .
S Y | \ >« Prediction
a 8 | \\]Results
; |
4 - Experimental
2 Results |
0 |

0 100 200 300 400 500 600 700 800 900 1000
Flow rate, I/min
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Results and Discussion
Comparison of Results — Pump-2

14
12

[em—y
(=

Delivery Head m

L A AT~

0

CFD Results

v N Experimental

\\\ \Resuii‘s

Prediction
Results

50 100 150 200 250 300 350 400 450 500 550
Flow Rate I/min
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Results and Discussion
Comparison of Results — Pump-3

14

12

~ . Prediction Results

)

(o ¢}

Experimental
Results

CFD ™
Results

Delivery Head m

S R )

0 .
0 20 40 60 80 100 120 140 160 180 200 220 240 260

Flow Rate I/min
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Results and Discussion
Comparison of Results

Prediction | Performance
(I/m|n)

21.05 20.9 20.71

Pump-1 600 17.03 15.85 18.56
850 8.90 6.51 11.22

150 13.04 11.53 10.51

300 9.52 8.99 8.77

450 3.09 4.07 6.53

60 10.48 9.78 9.79

120 7.92 7.9 7.46

180 4.66 5.46 4.39
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Results and Discussion
Comparison of Results

. The performance predictions are compared with CFD
calculations and experimental measurements of the same pump
geometry.

J The performance tool has the advantage of less effort and time
spent compare to CFD analysis.

) Predictions showed that the volute design has a significant effect
on the pump performance.

. Characteristics of three different pumps using loss correlations
are in good agreement with performance curves at BEP and off-
design points of the pumps with specific speed range between 40
to 180. Therefore, the developed performance prediction code is
highly reliable and consistent.
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Results and Discussion
Future Work

There are certain options would be added to the prediction
software such as

JIMaterial Library

J Trapezoidal section for volute calculations
J Save project

J Export blade profile

J Printing H-Q curve
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