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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
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Centrifugal pumps handling viscous liquids — Performance

corrections
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Scope

s Technical Report gives performance corrections for all worldwide designs of centrifugal and vert]
conventional design, in the normal operating range, with open or closed impellers, single’or douk
Mmping Newtonian fluids are included.

Symbols and abbreviated terms

omplete list of symbols and definitions used in this document is given below?).

Suction geometry variable used in the calculation to correct net positive su
required

Parameter used in the viscosity correction procedures; the B parameter is
normalizing pump Reynolds number-and to adjust the corrections for the pur
speed

Best efficiency point (the rate of flow and head at which pump efficiency is a ma
given speed)

Efficiency correction factor

Efficiency correction-factor due to disc friction only

Head correctian factor

Head correetion factor that is applied to the flow at maximum pump efficiency for
Net paositive suction head correction factor

Rate of flow correction factor

Impeller outlet diameter in m (ft)

Acceleration due to gravity in m/s? (ft/s?)

Head per stage in m (ft)

cal pumps
le suction,

ction head

used as a
np specific

XKimum at a

water

VisScous head in m (it); the head per stage at the rate of flow at which maxi
efficiency is obtained when pumping a viscous liquid

um pump

Water head in m (ft); the head per stage at the rate of flow at which maximum pump

efficiency is obtained when pumping water
Hydraulic losses in m (ft)

Theoretical head (flow without losses) in m (ft)

1) A derogation has been granted to ISO/TC 115/SC 3 for this document to use the industry abbreviation NPSHR in the
mathematical symbols NPSHRggp.\y, and NPSHRy,.
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Hs
Hijs ot
Hy,
N
Ns

NPSHA
NPSHR

NPSHRggh.

NPSHR,is
NPSHRyy

RS

P vis

Ry

QBEP—W
Qvis

Viscous head in m (ft); the head per stage when pumping a viscous liquid
Viscous head in m (ft); the total head of the pump when pumping a viscous liquid
Water head in m (ft); the head per stage when pumping water

Pump-shaft rotational speed in rpm

Specific speed
. N 0,5
(USCS units) = %
HBEP-W
Specific speed
. . N 0,5
(metric units) = ——5BEPW
HBEP-W

The specific speed of an impeller is defined as the speed in revolutions per minute at wh
a geometrically similar impeller would run if it were of such a size as to discharge one c\
meter per second (m3/s) against one meter of head (metric units) or one US gallon
minute against one foot of head (USCS units). These units shall*b€ used to calcu
specific speed.

NOTE The rate of flow for the pump is used in this definition, not the.rate of flow at the impeller e
Net positive suction head in m (ft) available to the pump

Net positive suction head in m (ft) required by the pump based on the standard 3 % hg
drop criterion

Net positive suction head in m (ft) required fopwater at the maximum efficiency rate of fl
based on the standard 3 % head drop criterion

Viscous net positive suction head in niAft) required in a viscous liquid

Net positive suction head in m (ft)required on water, based on the standard 3 % head d
criterion

Power; without subscript:(pawer at coupling in kW (hp)
Mechanical power losses in kW (hp)

Useful power transferred to liquid; P, = pgH () in kW (hp)
Disc friction-pewer loss in kW (hp)

Viscous\power in kW (hp); the shaft input power required by the pump for the visc
conditions

Pump-shaft input power required for water in KW (hp)

Rate of flow in m%/h (gpm)

ich
bic
per
ate

€.

pad

rop

pus

Water rate of flow in m3/h (gpm) at which maximum pump efficiency is obtained

Viscous rate of flow in m3/h (gpm); the rate of flow when pumping a viscous liquid
Water rate of flow in m3/h (gpm); the rate of flow when pumping water

Ratio of rate of flow to rate of flow at best efficiency point: ¢* = Q/Qgep
Reynolds-number: Re = w r,%/v

Impeller outer radius in m (ft)

Specific gravity of pumped liquid in relation to water at 20 °C (68 °F)
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Viis = Kinematic viscosity in centistokes (cSt) of the pumped liquid

Vw = Kinematic viscosity in centistokes (cSt) of water reference test liquid

n = Overall efficiency (at coupling)

TlBEP-W = Water best efficiency

Th = Hydraulic efficiency

This = Viscous efficiency; the efficiency when pumping a viscous liquid

d = volumetric efficiency

= Water pump efficiency; the pump efficiency when pumping water
L = Dynamic (absolute) viscosity in N-s/m? (Ib-s/ft?)
= Kinematic viscosity in m?/s (ft%/s)

P = Density in kg/m? (slugs/ft®)

Y = Head coefficient

w = Angular velocity of shaft or impeller in rad/s

3 |Summary

The performance of a rotodynamic (centrifugal or vertical) pump on a viscous liquid differd from the

pefformance on water, which is the basis for most published curves. Head (H) and rate of flow () wjll normally

degrease as viscosity increases. Power (P) will increase, as will net positive suction head required (NPSHR) in

mdst circumstances. Starting torque may also be affected.

The Hydraulic Institute (HI) has developed:a.generalized method for predicting performance of rqtodynamic

pumps on Newtonian liquids of viscosity greater than that of water. This is an empirical method bajsed on the

test data available from sources throughout the world. The HI method enables pump users and dg¢signers to

estimate performance of a particular retodynamic pump on liquids of known viscosity, given the performance on

waler. The procedure may also result in a suitable pump being selected for a required duty on viscous liquids.

Pefformance estimates using.the HI method are only approximate. There are many factors for parti¢ular pump

gepmetries and flow conditions that the method does not take into account. It is nevertheless a dependable

approximation when onlyllimited data on the pump are available and the estimate is needed.

Theoretical methods based on loss analysis may provide more accurate predictions of the effects of liquid

visgosity on pump performance when the geometry of a particular pump is known in more detail. Thi§ document

explains the basis of such theoretical methods. Pump users should consult pump manufacturers to[determine
e available.
on viscous

liquids.

Calculations based on the Hydraulic Institute’s Viscosity Correction method (VCM) have been mathematically
modeled in a web-based HIVCM™ tool.

Available at www.pumps.org, the HIVCM™ tool allows pump users, manufacturers, and third-party software
providers access to rapid analysis of a pump’s hydraulic performance on water vs. specified viscous liquids. Use
of the HIVCM™ tool in pump selection will provide reliable and consistent calculations based on the
methodology outlined in this Technical Report.

HIVCM™ is a trademark owned by the Hydraulic Institute. Please visit www.pumps.org for more information.

© ISO 2005 — All rights reserved
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4 Introduction

The performance (head, flow, efficiency [n], and power) of a rotodynamic pump is obtained from the pump’s
characteristic curves, which are generated from test data using water. When a more viscous liquid is pumped,
the performance of the pump is reduced. Absorbed power will increase and head, rate of flow, and efficiency will
decrease.

It is important for the user to understand a number of facts that underlie any attempt to quantify the effects of
viscosity on rotodynamic pump operation. First, the test data available are specific to the individual pumps
tested and are thus not of a generic nature. Second, what data are available are relatively limited in the range of
both pumg size and viscosity of the liquid. Third, all existing methods of predicting the effects of viscosity|on
pump performance show discrepancies with the limited test data available. Fourth, the empirical_fmethod
presented|in this document was chosen based on a statistical comparison of various possible ccorrectjon
procedures. The chosen method was found to produce the least amount of variance between caljculated and
actual dath. Considering all of the above, it must be recognized that this method cannot e used as a
theoretically rigorous calculation that will predict the performance correction factors with gréat‘precision. If is
rather megnt to allow a general comparison of the effect of pumping higher viscosity liquids and to help the user
avoid misgpplication without being excessively conservative. See Clause 6 for types_ of{pumps for which the
method is ppplicable.

As a footnote to the preceding paragraph, it should be recognized that there“are methods developed|by
individuals|and companies that deal with the actual internal hydraulic losses of-the pump. By quantifying these
losses the [effect of liquid viscosity can, in theory, be calculated. These proeedures take into account the spedific
pump intefnal geometry, which is generally unavailable to the pump<user. Furthermore, such methods till
require some empirical coefficients that can only be derived correctlyswhen sufficient information on the punpps
tested in viscous liquids is available. The test data collected by HI ffam sources around the world did not inclyde
sufficiently] detailed information about the pumps tested to validate loss analysis methods. It is neverthelg¢ss
recognized that a loss analysis method will probably be mere accurate than the empirical method in this
document |especially for pumps with special features and particular geometry.

In addition|to the correction procedures, the documentprovides a qualitative description of the various hydratllic
losses within the pump that underlie the performarice reduction. Procedures for determining the effect of
viscosity op starting torque and NPSHR are alse'provided.

The previous HI Standard for viscosity correction in Reference [24] was based on data supplied up to 1960. Tjis
new document is based on an expanded-data set up to 1999 which has modified the correction factors for rate
of flow, hdad, and power. Updated/correction factors are influenced by the pump size, speed, and spedific
speed. In peneral, the head and-flow have an increased correction while the power (efficiency) correction is
less. The |most significant changés in the correction factors occur at flows less than 25 m°/h (100 ggm)
and ng < [I5 (INs < 770).

5 Fundpmentalconsiderations

5.1 Viscjous 'correction factors

When a liquid of high viscosity, such as heavy oil, is pumped by a rotodynamic pump, the performance is
changed in comparison to performance with water, due to increased losses. The reduction in performance on
viscous liquids may be estimated by applying correction factors for head, rate of flow, and efficiency to the
performance with water.

Thus the curves of head, flow and efficiency for viscous liquids (subscript vis) are estimated from the head, flow,
and efficiency measured with water (subscript W) by applying the correction factors Cy, Cq, and Cn,
respectively. These factors are defined in Equation (1):

H vis vis
= : CQ Q

“on G ?
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Figure 1 (a) and (b) shows schematically how the head, efficiency, and power characteristics typically change
from operation with water to pumping a highly viscous liquid.

If measured data are normalized to the best efficiency point (BEP) when pumping water (BEP-W), the factors
Cy and Cq can be read directly on Figure 1 (c). A straight line between BEP-W and the origin of the H-() curve
(H = 0; () = 0) is called the diffuser or volute characteristic. Test data reported in References [10] and [14] in
the Bibliography show that BEPs for viscous liquids follow this diffuser or volute characteristic. Analysis of test
data on viscous pumping collected by HI from sources around the world also confirms this observation. It is
consequently a good approximation to assume C}, is equal to Cq at the BEPs for viscous liquids.

Hln | : P H/ Hgep-w 1
™~
S \ 3
" \>\ T
2 S HW / o —— Pvis /\\ Hvis \Hw
His /// 2 \i
~ Pw
N /4/, 2 M
c T s
- 1 ~ ]
// ///’/ 4\nvis
Qgep-w a a Cq 11 Q/Qgep-w
a) b) c)
Ke
1| water

viscous liquid
3 volute or diffuser characteristic

Figure 1 — Modification-of pump characteristics when pumping viscous liquids

5.2 Methods for determiining correction factors

Cofrection factors can. be either defined empirically from a data bank containing measurements pn various
pumps with water,and liquids of different viscosities or from a physical model based on the analysis of the
energy losses in‘the pump. Examples of such loss analysis methods are given in References [7], [B], [9], [10]
ang [18] of the\Bibliography.

Anplysisiefithe limited data available shows that empirical and loss analysis methods predict head| correction
furctrons with approxrmately the same accuracy. Loss analysrs methods are, however more precise in
( ) fluence of
various desrgn parameters on viscous performance and to optlmlze pump selection or desrgn features for
operation with highly viscous liquids by applying the loss analysis procedures.

Further theoretical explanations of the principles of loss analysis methods are given in Clause 7 of this
document. Use of such methods may require more information about pump dimensions than is generally
available to the user. A loss analysis procedure may be expected to provide more accurate predictions of pump
performance with viscous liquids when such detailed information is available.

The HI method explained in Clause 6 of this document is based on empirical data. It provides a way of
predicting the effects of liquid viscosity on pump performance with adequate accuracy for most practical
purposes. The method in this document gives correction factors similar to the previous HI method. The new
method matches the experimental data better than the old HI method that has been widely used throughout the

© ISO 2005 — All rights reserved 5
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world for many years. The standard deviation for the head correction factor, Cy, is 0,1. Estimates of viscous
power, P,;s, are subject to a standard deviation of 0,15.

6 Synopsis of Hydraulic Institute method

6.1 Generalized method based on empirical data

The performance of rotodynamic pumps is affected when handling viscous liquids. A marked increase in power,
a reduction in head, and some reduction in the rate of flow occur with moderate and high viscosities. Starting

torque and NPSHR may also be aftected.

The HI corfection method provides a means of determining the performance of a rotodynamic pump handlin

0 a

viscous liquid when its performance on water is known. The equations are based on a pump péerformance

Reynolds number adjusted for specific speed (parameter B), which has been statistically curve-fitted to a bq

of test da
parameter

QBEP-W =
130 m (20

The corred

a. These tests of conventional single-stage and multi-stage pumps cover the following range
5: closed and semi-open impellers; kinematic viscosity 1 to 3 000 cSt; rate of flow at BEP with wa
3m3/h to 260 m*/h (13 gpm to 1140 gpm); head per stage at BEP with water Hgep.y = 6 m
ft to 430 ft).

tion equations are, therefore, a generalized method based on empirical’data, but are not exact

dy
of
ter
to

for

any particlilar pump. The generalized method may be applied to pump performance outside the range of test

data indic4d
There will

When acc
viscous liq
design ma

6.2 Visc

Because t
extrapolati
cover and

The correq
(ns < 60,
use these
additional

Use correq
order to cd
in NPSHR

The data U
stock, and

De increased uncertainty of performance prediction outside the\tange of test results.

urate information is essential, pump performance tests, should be conducted with the particy
Lid to be handled. Prediction methods based on an analysis of hydraulic losses for a particular pu
y also be more accurate than this generalized method:

ous liquid performance correction limitations

e equations provided in 6.5 and 6.6 are-based on empirical rather than theoretical consideratio
bn beyond the limits shown in 6.5 and.6.6 would go outside the experience range that the equatic
s not recommended.

tion factors are applicable te pumps of hydraulic design with essentially radial impeller discha
Ns < 3000), in the normal;operating range, with fully open, semi-open, or closed impellers. Do
correction factors for axial flow type pumps or for pumps of special hydraulic design. See Clause 8
juidance.

tion factors only where an adequate margin of NPSH available (NPSHA) over NPSHR is presen

pe with an inefease in NPSHR caused by the increase in viscosity. See 7.3 to estimate the increa

sed-to’develop the correction factors are based on tests of Newtonian liquids. Gels, slurries, pa
other non-Newtonian liquids may produce widely varying results, depending on the partict

ited above, as outlined in Clause 6 and with the specific instructions and examples in 6.5 and 6.

6.
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6.3 Viscous liquid symbols and definitions used for determining correction factors

A =  Suction geometry variable used in the calculation to correct net positive suction head
required

B = Parameter used in the viscosity correction procedures; the B parameter is used as a
normalizing pump Reynolds number and to adjust the corrections for the pump specific
speed

BEP =  Best efficiency point (the rate of flow and head at which pump efficiency is a maximum at a
given speed)

Cn =  Efficiency correction factor

CY =  Head correction factor

Ciep.n = Head correction factor that is applied to the flow at maximum pump-efficiency forl water

Clpsh = Net positive suction head correction factor

Cq = Rate of flow correction factor

Hiepyis = Viscous head in m (ft); the head per stage at the rate,of flow at which maxifnum pump
efficiency is obtained when pumping a viscous liquid

Hiepw = Water head in m (ft); the head per stage at.the rate of flow at which maxifnum pump
efficiency is obtained when pumping water

H =  Viscous head in m (ft); the head per stage;when pumping a viscous liquid

Hs ot =  Viscous head in m (ft); the total head.6f the pump when pumping a viscous liquidl

H =  Water head in m (ft); the head pér stage when pumping water

N =  Pump-shaft rotational speed-in rpm

Ng =  Specific speed

' N 05
(USCS units) = *5BEPW
HBEP—W
Ng =  Specific speéd
0,5
(metric.units) = —gBEPW
HBEP-W

The specific speed of an impeller is defined as the speed in revolutions per mindte at which
a‘geometrically similar impeller would run if it were of such a size as to discharg¢ one cubic
feter per second (m3/s) against one meter of head (metric units) or one US| gallon per
minute against one foot of head (USCS units). These units shall be used tp calculate
specific speed.
NOTE The rate of flow for the pump is used in this definition, not the rate of flow through|the impeller
eye.

NPSHA = Net positive suction head in m (ft) available to the pump

NPSHR = Net positive suction head in m (ft) required by the pump based on the standard 3 % head
drop criterion

NPSHRgepw =  Net positive suction head in m (ft) required for water at the maximum efficiency rate of flow,
based on the standard 3 % head drop criterion

NPSHR;s =  Viscous net positive suction head in m (ft) required in a viscous liquid

NPSHRy = Net positive suction head in m (ft) required on water, based on the standard 3 % head drop

criterion

© ISO 2005 — All rights reserved 7
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P, = Viscous power in kW (hp); the shaft input power required by the pump for the viscous
conditions

Qsep-w = Water rate of flow in m3h (gpm) at which maximum pump efficiency is obtained

Quis = Viscous rate of flow in m%h (gpm); the rate of flow when pumping a viscous liquid

Qw = Water rate of flow in m%/h (gpm); the rate of flow when pumping water

s =  Specific gravity of pumped liquid in relation to water at 20 °C (68 °F)

Viis = Kinematic viscosity in centistokes (cSt) of the pumped liquid

Vw = Kinematic viscosity in centistokes (cSt) of water reference test liquid

TIBEP-W =  Water best efficiency

This =  Viscous efficiency; the efficiency when pumping a viscous liquid

Nw =  Water pump efficiency; the pump efficiency when pumping water

NOTE 1 Ofher technical expressions are defined in HI standards.
NOTE 2 Efuations for converting kinematic viscosity from SSU to ¢St units and vice versa are shown in Annex A.

NOTE 3 Ppmp viscosity corrections are determined by the procedures outlined in the following 6.4, 6.5, and 6.6.

6.4 Ovefview of procedure to estimate effects of viscosityon pump performance

The procedure is in three parts: first, to establish whether .or“not the document is applicable; second, to
calculate the pump performance on a viscous liquid when performance on water is known; and third, to selegt a
pump for diven head, rate of flow and viscous conditions.

8 © ISO 2005 — All rights reserved
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The procedure for the first part is illustrated in Figure 2.

L . . NO
Is the application for a single or multi- -~
stage conventional rotodynamic type? *| Beyond the scope of the procedure

YES
Y
. . . NO

Does the pump use an impeller with an essentially =et secti - o
radial discharge? (ns <60, Ns<3000) '

YES
Y
NO
Does the liquid exhibit Newtonian behavior? » Beyond the scope of the procedure
YES
Y
Is the liquid kinematic viscosity between 1 NO

)\

and 4 000 cSt? Beyond the scope of the proceglure

Empirical data are based on viscosities up to 3 000
cSt, but the procedure may be used up to 4 000 cSt
with increased uncertainty.

YES
Y
PROCEDURE IS APPLICABLE

Go to Section 6.5 to determine pump,performance.
Go to Section 6.6 to select a pump.

Figure2 = Flowchart to establish if the procedure is applicable

© ISO 2005 — All rights reserved 9
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The procedure for the second part is defined in 6.5 and summarized in Figure 3.

Figure 3 -

10

Section 6.5

Determine pump performance on a viscous liquid
when performance on water is known

Caltulate parameter B (Section 6.5), Step 1)

Y

Is pprameter B > 407?

YES

NO

Y

Is pprameter B < 1,07

YES

Loss analysis may be.warranted
(Section 7.2)

NO

Y

Calgulate Hgep.yis and Q ;s (Section 6.5, Step 2)

H is = Hy
Qvis: QW

y

Calgulate H ;g (Section 6.5, Step.3)
Y

Calgulate 17 ;5 (Seetion 6.5, Step 4)
Y

Calgulate P ;s (Section 6.5, Step 5)

— Flowchart to determine pump performance on a viscous liquid when performance on wafer
is known
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The procedure for the third part is defined in 6.6 and summarized in Figure 4.

Section 6.6

of flow and viscosity conditions

Preliminary pump selection for a given head and rate

\

Calculate parameter B (Section 6.6, Step 1)

Y

Is parameter B > 407

YES

NO

Y

Is parameter B < 1,0?

YES

Loss analysis may be warran
(Section 7.2)

NO
Y
Calculate Cyand Cy (Section 6.6, Step 2)
Y
Calculate Q yand H (Section 6.6} Step 3)

Y

Select a pump that provides a performance of
Qwand Hy (Section 6.6, Step 4)

-

Hvis:HW
Qvis= QW

Y

Is parameter 8.51,0?

YES

NO

Y

Use specified equation for 1,0 < B <40
to'calculate C

Use specified equation in Ste
to calculate C

Y

Calculate 1 ;s (Section 6.6, Step 5)

Y

Calculate P ;s (Section 6.6, Step 6)

Figure 4 — Flowchart to select a pump for given head, rate of flow, and viscous conditions

© ISO 2005 — All rights reserved
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6.5 Instructions for determining pump performance on aviscous liquid when performance on
water is known

The following equations are used for developing the correction factors to adjust pump water performance
characteristics of rate of flow, total head, efficiency, and input power to the corresponding viscous liquid
performance.

Step 1

Calculate parameter B based on the water performance best efficiency flow (Qgep.w)

Given metfic units of Qggp.w iN M3/, Hggp.w in m, N in rpm, and Vs in cSt, use Equation (2):

(Wis>0,50 > (HBEP_W>O,0625

B =165 x (QBEP—W)OB?S « NO.25 @)
Given USCS units of Qgep.w in gpm, Hgep.y in ft, IV in rpm, and Vi;s in cSt, use Equation (3):
V' 0,50 > H . 0,0625
B — 466 x (Viis) (Hgep-w) @)

03
(QBEP-W) ™ x NO%
If 1,0 < B| < 40, go to Step 2.

If B > 40)the correction factors derived using the equations in 6.5'and 6.6 are highly uncertain and should|be
avoided. Instead a detailed loss analysis method may be warrantéd. See 7.2.

If B < 1,0 setCy = 1,0and Cq = 1,0, and then skip toStep 4.
Step 2
Calculate gorrection factor for flow (Cq) (whigh:is also equal to the correction factor for head at BEP [Cgep|n])

corresponxing to the water performance best’efficiency flow (Qgep.w) Using Equation (4). Correct the other
water perfgrmance flows (Qw) to viscous'flows (()yis). These two equations are valid for all rates of flow (Q\f).

3,15
CQ _ (2’71)—0,165>< (IOgB)

Qvis — C’Q X QW

Correct the¢ water performance total head (Hgep.w) that corresponds to the water performance best efficiency
flow (Qgerw) using Equation (5).

4

CeepH = CQ (5)

Hgepfs™ Cgepn X Hgepw

Step 3

Calculate head correction factors (C}) using Equation (6), and then corresponding values of viscous head
(H,;s) for flows (Qw) greater than or less than the water best efficiency flow (Qgep-w).

Ch=1- [(1_CBEP-H) X ( Du > | ] (6)

QBEP-W

Hs = CH X Hy

NOTE An optional means of determining the values for C, Cigep.4, and Cly is to read them from the chart in Figure 5.
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0,9

0,8

0,7

0,6

0,5

0,4

0.3

0,2

0.1

parameter B

correction factors Cy and Cq
Ch and Cq vs. B at Qsep-w
Chvs. Bat1,22 X Qgep-w
Cyvs. Bat0,8 X Qsepw
Cyvs. Bat0,6 X Qsep-w

B W N R <X

Figure 5 — Chart of correction factors CQ and Cy vs. parameter B
Step 4
CaJculate the correction factor for.efficiency (Cr) using Equation (7) or Equation (8) and the corfesponding

values of viscous pump efficiericy'(nis). The following equations are valid for flows (Q\) greater than| less than,
angl equal to the water best éfficiency flow Qgep.w:

>

0,69
For1,0 < B < 40,.C,, = B (00547 B°%) o
NQTE An optionalmeéans of determining the value for C, is to read it from the chart in Figure 6.

Fof B < 1;0,.estimate the efficiency correction (Cn) from the following Equation (8):

1- [(1 — sep-w) X (#)0]071
C’rl _ L \ W/ J (8)

TBEP-W

This = Cn X nw where 7, is the water pump efficiency at the given rate of flow.
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X
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Figure 6 — Chart of correction factorsiCy vs. parameter B

Calculate fhe values for viscous pump shaft input power (FP,;s). The following equations are valid for all rates

flow.

For flow in

Pvis -

For flow in

Pvis =

EXAMPLE

m3/h, head in m, shaft power in kW, and efficiency in percent, use Equation (9):

Qvis X Hvis-tot X s
367 X Mis

gpm, head in ft, and\shaft power in hp, use Equation (10):

Qvis X Hvis-tot X s
3 960X 7yis

(Metric units): Refer to Figure 7 and Table 1. The given single-stage pump has a water performance &

efficiency fl

of

©)

10)

est

bw-of 110 m°/h at 77 m total head at 2 950 rpm and has a pump efficiency of 0,680. The procedure be)

ow

illustrates how to correct the pump performance characteristics for a viscous liquid of 120 centistokes and specific gravity of

0,90.

Step 1

Calculate parameter B based on the water performance best efficiency flow conditions using Equation (2). If the pump is a
multi-stage configuration, calculate parameter B using the head per stage.

Given units

of Qgep-w in M3, Hgep.w in m, N in rpm, and Vs in cSt:

(120)0,50 % (77)0,0625

B =16,5x% = 5,52

14

(110)*°"® x (2 950)°%°
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Step 2

Calculate correction factor for flow (Cq) using Equation (4) and correct the flows corresponding to ratios of water best
efficiency flow (Qw/Qgep-w).

3,15
CQ _ (2’71)—0,165><(|ogs,52) — 0,938

Qw

At: —— =1,00

BEP-W

A

(@]

At (Dsep.w, the corresponding viscous head (Hpep.yis) is:

Stq

Ca

At

Stq

Ca
@

the

Py 34
Wvis — U, 990 11U, U X 1L,UU — 1US,Z 11T /T1

At: ﬂ = 0,60

BEP-W

Q.is = 0,938 x 110,0 x 0,60 = 61,9 m>/h
ording to Equation (5), the correction factor for head (Cgep-n) is equal to (Cq) at Qeepdy

CBEP-H == CQ == 0,938

HBEP-vis =0,938 X 77,0=72,2m

p3

0 % of (Qsep-w, the corresponding head correction factor (Cy) and viscous head (H.is) are calculated using E
Cuw=1-(1-0,938) x (0,60)*"” =0,958
H,s = 0,958 x 87,3 =83,6m

p4

culate the correction.factor for efficiency (C',) and the corresponding values of viscous pump efficiency ()
) greater than, les§-than, and equal to the water best efficiency flow (Qgep.w). Equation (7) is used to calg
value of parameter) B = 5,52 calculated in Step 1 falls within the range of 1 to 40:

C, = (5'52)7[0,0547><(5,52)059] — 0,738

Qw

At = 1,00

£

& BEP-W
Where: nw = 0,680

nvis = 0,738 X 0,680 = 0,502

Qw

At —
Q BEP-W

= 0,60

Where: nw = 0,602

nvis = 0,738 X 0,602 = 0,444

© ISO 2005 — All rights reserved
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Step 5

Calculate the values for viscous pump shaft input power (Pis) for flows (Qw) greater than, less than, or equal to the water

best efficiency flow (Qgep-w) using Equation (9).

YR T 1,00
QBEP-W
103,2 x 72,2 X 0,90
Pis = = 36,4 kW
367 x 0,502
JYA T 0,60
QBEP-W
61,9 X 83,6 X 0,90
Ps = = 28,6 kW
367 x 0,444
Y1 |4 AbY2
10( T 1
9( ] 1 0,9
8 e T 0.8
‘(e.\ -
7 pum— T 0,7
6 2 N — 0,6
/ ~ 5
5( 7 el = 0,5
b P 0,4
3 e e 0,3
20 = ‘3 0.2
10 7 0,1
(] >
0 0 20 30 40 5060 70 80 90 100 110 120 130 140 150 160 170
X
Key
X rate gf flow, cubic meters per hour, at 2 950 r/min
Y1 total head in metersior-power in kilowatts
Y2 efficigncy
—— watel
------ viscops liquid, with Viis = 120 cStand s = 0,90
1 head|vs, flow

efficiency vs. flow
3 shaft input power vs. flow

Figure 7 — Example performance chart of a single-stage pump, expressed in metric units
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Table 1 — Example calculations (metric units)

Viscosity of liquid to be pumped (V4;s) — ¢St 120

Specific gravity of viscous liquid (s) 0,90

Pump shaft speed (IN) — rpm 2 950

Ratio of water best efficiency flow Qw/Qgep.w 0,60 0,80 1,00 1,20
Water rate of flow (Qw or Qgep.w) — m3/h 66,0 88,0 110,0 132,0
Water head per stage (Hw or Hgep.w) — m 87,3 83,0 77,0 69,7
Water pump efficiency (nw) 0,60 0,66 0,68 0,66
Pafameter B 5,52

Cdrrection factor for flow (Cq) 0,938

Cdrrection factors for head (Cy or Cgep.n) 0,958 0,947 0,938 0,929
Cdrrection factor for efficiency (Cr) 0,738

Cdrrected flow (Quis) — m3/h 61,9 82,5 103,2 123,8
Cdrrected head per stage (H.is or Hggp.vis) — M 83,6 78,6 72,2 64,8
Cdrrected efficiency (7is) 0,44 0,49 0,50 0,48
Vigcous shaft input power (Pis) — kW 28,6 32,5 36,4 40,2
EXAMPLE (USCS units): Refer to Figure 8 and Table 2. The given single-stage pump has a water performance best

effi
illu
0,9
Stq

Ca
mu

Gi

=

Stq

Ca
effi

Ciency flow of 440 gpm at 300 ft total head at 3 550 rpm and has a~pump efficiency of 0,68. The proce
D.
pl

culate parameter B based on the water performance heést efficiency flow conditions using Equation (3). If th
ti-stage configuration, calculate parameter B using the 'head per stage.

en units of Qeep-w in gpm, Hy in ft, IV in rpmyand Vys in cSt:

120 0,50 % (300 0,0625
B =266 x ((440))"'375 X ((3 520)"'25 750

p 2

dure below

strates how to correct the pump performance characteristics for a visgous liquid of 120 centistokes and specific gravity of

e pump is a

culate correction factor for) flow (Cq) using Equation (4) and correct the flows corresponding to ratios of water best
:iency flow (QW/QBEP-W)-
Co = (2 71)-0,165><(I095,50)3'15 — 0938
At : ﬂ = 1,00
QBEP-W
Q% = 0,938 x 440 X 1,00 = 413 gpm
At: ﬂ = 0,60
QBEP-W
Quis = 0,938 X 440 x 0,60 = 248 gpm
From Equation (5), the correction factor for head (Cgep-n) is equal to (Cg) at Qsep-w-
QBEP-H = CQ = 0,938
At Qgep.w, the corresponding viscous head (Hagp.vis) is
Hpgep.is = 0,938 x 300 = 281 ft
17
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Step 3

Calculate head correction factors (Cy) and corresponding values of viscous head (Hys) for flows ((Qw) greater than or less
than the water best efficiency flow (Qsep-w).

At 60 % of Qgep.w, the corresponding head correction factor (Cy) and viscous head (H,is) are calculated using Equation (6):

Cy=1-(1-0938) x (0,60)*” = 0,958

H,s = 0,958 x 340 = 326 ft

Step 4

Calculate tH

(Qw) greatq
value of pan

Gy

At: —
QBEP-W

5,50) " (0,047 (5,50)°9)

Qw  _ 1,00

Where:[nw = 0,680

This = 0,738 x 0,680 = 0,502

At —
QBEP-W

Qw _ 0,60

Where:|nw = 0,602

Mhis =

Step 5

Calculate th
best efficien

,738 X 0,602 = 0,444

g

e correction factor for efficiency (Cy,) and the corresponding values of viscous pump efficiency (nys).for flgws
r than, less than, and equal to the water best efficiency flow QQgep-w. Equation (7) is used to calculatelC), as the
ameter B = 5,50 calculated in Step 1 falls within the range of 1 to 40:

= 0,738

e values for viscous pump shaft input power (P.is) for flows (Qw) greater than, less than, or equal to the water
cy flow Qgep.w Using Equation (10):

W
At: —— = 1,00
Qer-w
413 X 281 X 0,90
Pis = — 52,5 hp
3960 X 0,502
A v _ 0,60
Qer-w
248 % 326 X 0.90
P = =4L,Inhp
3960 X 0,444
18 © 1SO 2005 — All rights reserved
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Y1 A AoY?2
500 1
450 0,9

1
400 - 0,8
#/ \\ |
350
‘*\\( 0,7
—
300 — T )
I— SRS - 0.6
~
250 //& S ——— 0,5
200 0,4
/ '
150 3 0,3
/ / 1\
100 0,2
1\
50 — Ll e 0,1
0
0 100 200 300 400 500 600 700 800

X rate of flow, gallons per minute at 3 550 r/min
Y] total head in feet or power in horsepower
Y2 efficiency

—— water

--+-- viscous liquid, with V,;s = 120 ¢St and ¢-= 0,90
1 head vs. flow

2 efficiency vs. flow

3 shaft input power vs. flow

Figure 8 — Example_performance chart of a single-stage pump, expressed in USCS units
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Table 2 — Example calculations (USCS units)

Viscosity of liquid to be pumped (V4;s) — ¢St 120

Specific gravity of viscous liquid (s) 0,90

Pump shaft speed (IN) — rpm 3550

Ratio of water best efficiency flow Qw/Qsep-w 0,60 0,80 1,00 1,20
Water rate of flow (Qw or Qsep.w) — gpm 264 352 440 528
Water headperstage~Hw—orHeerm—it 340 323 300 272
Water pump efficiency (1w) 0,602 0,66 0,680 0,66
Parameter [B 5,50

Correction factor for flow (Co) 0,938

Correction factors for head (Cy or Ciaep.n) 0,958 0,948 0,938 0,929
Correction factor for efficiency (Cy) 0,739

Corrected flow (Quis) — gpm 248 330 413 495
Corrected tread per stage (Hyis or Hpgp.yis) — ft 326 306 281 252
Corrected Jfficiency (Mvis) 0,44 0,49 0,50 0,49
Viscous shaft input power (Piis) — hp 414 46,7 52,5 57,9

6.6 Instfuctions for preliminary selection of a pump*for given head, rate of flow, and viscosity
conditions

Given the @lesired rate of flow and head of the viscous(iquid to be pumped, and the viscosity and specific grayity
at the pumping temperature, the following equations are used for finding the approximate equivalent wdter
performange and estimating the viscous pump-input power. Note that starting with the viscous conditiong to
determine [the required water performance is less accurate than starting with a known water performangce,
unless iterations are done.

Step 1

Calculate parameter B given mietric units of Qyis in m3/h, H,s in m, and V{;s in ¢St using Equation (11):

(VIIS)OEO
B =280 x (L1)
(QViS)OYZS > (HViS)O,lZS
or, given USCS units of Qs in gpm, H,;s in ft, and Vs in cSt using Equation (12):
V- U,SU
B = 4,70 x (V) (12)

(QViS>O,25 x (HViS)0,125
If 1,0 < B < 40, go to Step 2.

If B > 40, the correction factors derived using the equations in 6.5 and 6.6 are highly uncertain and should be
avoided. Instead a detailed loss analysis method may be warranted.

If B <1,0,set Cy = 1,0and Cq = 1,0, and then skip to Step 4.
NOTE The numerical constants in 6.6 for calculating parameter B are different than those in 6.5 due to the omission of the

pump speed (V) variable from the equations.
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Step 2

Calculate correction factors for flow (C) and head (Cy). These two correction factors are approximately equal
at a given rate of flow when they are derived from the water performance at the best efficiency flow Qgep.w.

Reference Equation (4).

_ 3,15
CQ ~ CH ~ (2’71) 0,165><(|OQB)

NOTE An optional means of determining the values for Cs and C}, is to read them from the chart in Figure 5.

Step 3

Cajculate the approximate water performance rate of flow and total head.

Qvis
Qw =
Co
Hvis
Hy =
w C.,
Step 4

Select a pump that provides a water performance of Q\ and Hy.
Step 5
Calculate the correction factor for efficiency (Cn) andithe corresponding value of viscous pump efficiency (7is)-

Reference Equation (7):

0,69
For10 < B < 40: C, = B~ (00347%5"%)
NJTE An optional means of determining the value for C,, is to read it from the chart in Figure 6.
If B < 1,0, estimate the effigiency correction (Cn) from the following equation.

Reference Equation (8):

1- {(1 < Teepw) X (1‘%)0,07}

TlBEP-W

C, =

This. == Cn X Nw

Step ©
Calculate the approximate viscous pump-shaft input power.
For rate of flow in m3/h, total head in m, and shaft input power in kW use the following equation.

Reference Equation (9):

P = Qvis X Histot X 8
" 367 X i

For rate of flow in gpm, total head in ft, and shaft input power in hp use the following equation.
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Reference Equation (10):

R Qvis X Hvis—tot XS
Ve 3960 X T

EXAMPLE (Metric units): Select a pump to deliver 100 m?/h rate of flow at 70 m total head of a liquid having a kinematic
viscosity of 120 ¢St and a specific gravity of 0,90 at the pumping temperature.

Step 1

Calculate patameter B given units of Q inm3h H. inm and V. in cSt using Equation (11):

(120)*%°

B = 2J80 %
(100)0,25 X (70)0,125

=570

Step 2

Calculate correction factors for rate of flow (Cg) and total head (Cl). These two correction factors¢are approximately equal
at a given rate of flow when they are derived from the water performance at the best efficiency rate of flow (Qgep.w).

Reference Equation (4):

3,15
)—0,165><(|ogs,70) = 0,934

Cor Oy~ (2,71
Step 3
Calculate tHe approximate water performance rate of flow and total head.

100

3
— | — —107,1m%h
Qw 0,934
70
Hy =|— =749m
0,934

Step 4
Select a pump that provides a water performance of 107,1 m*/h rate of flow and 74,9 m total head. The selection shduld
preferably he at or close to the maximumSefficiency point for water performance. Assume the selected pump has|an
efficiency (7jsep-w) of 0,680.
Step 5

Calculate the correction factor'for efficiency using Equation (7) and the approximate viscous pump efficiency, or refef to
Figure 6.

0,69
= 5,70)—[0,0547><(5,7o) ] — 0,729
vis = 0,729 X0,680 = 0,496

Step 6

Calculate the approximate pump-shaft input power for the viscous liquid. For rate of flow in m%/h, total head in m, and shaft
input power in kW, use Equation (9):

100 x 70 x 0,90

Pis = = 34,6 kW
367 X 0,496

EXAMPLE (USCS units): Select a pump to deliver 440 gpm rate of flow at 230 ft total head of a liquid having a kinematic
viscosity of 120 cSt and a specific gravity of 0,90 at the pumping temperature.

Step 1

Calculate parameter B given units of Quis in gpm, Hyis in ft, and Vs in ¢St using Equation (12):
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120)°%°
B = 4’70 X (440)0,(25 X)(230)0,125 = 5’70

Step 2

Calculate correction factors for rate of flow (Cq) and total head (Ch). These two correction factors are approximately equal
at a given rate of flow when they are derived from the water performance at the best efficiency rate of flow (Qgep-w)

Reference Equation (4):

—0165% (logs 70)315

(_/Q ~ Uy =~ ké,/l) = U,¥54
Stgp 3
Calculate the approximate water performance rate of flow and total head.
440
= —— = 471 gpm
Qu 0,934 ®
230
Hy = —— =246 1t
0,934
Stgp 4
Select a pump that provides a water performance of 471 gpm rate of flow and 246 ft total head. The selection $hould be at
or ¢lose to the maximum efficiency point for water performance. Asstime the selected pump has an efficiency (7gep-w) oOf
0,6B0.
Stgp 5
Calculate the correction factor for efficiency using Equation (7) and the approximate viscous pump efficiency, or refer to
Figure 6.
C, = (5 70)7[0,0547><(5,70)°v69] — 0729
vis = 0,729 X 0,680 = 0,496
Stgp 6
Calculate the approximate pump-shaft input power for the viscous liquid. For rate of flow in gpm, total head in ft, and shaft
inppt power in hp, use Equatien;(10):
440 X 230-x.0;90
Pis = = 46,4 hp
3 9604X\0;496
The preceding\procedure has sufficient accuracy for typical pump selection purposes. When working with a
given pumps/water performance curves, the procedure per 6.5 above can be used to obtain an improved

est

imate\of'the viscous performance corrections at all rates of flow.

7

Further theoretical explanations

7.1 Scope

In this section the theoretical basis of loss analysis methods is explained. An analytical method of predicting
NPSHR when pumping viscous liquids is also developed. This method is not supported by any known test data.

7.2 Power balance and losses

The power balance of a pump operating without recirculation is shown in Equation (13), which applies when
pumping water as well as viscous liquids:

© ISO 2005 — All rights reserved
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P:f(wHQ

) t Pan+ Py )
ThvolT)n

In this equation (P) is the power input at the coupling of the pump; (1)) is the volumetric efficiency; (1) is the
hydraulic efficiency; (Prg) is the sum of all disc friction losses on the impeller side shrouds and axial thrust
balancing drum or disc, if any; and (P,) is the sum of all mechanical losses from radial and axial bearings as
well as from shaft seals.

When the viscosity of the liquid pumped increases, the Reynolds number decreases, which causes the friction
factors in the hydraulic passages of the pump to increase just as would be the case with flow through a pipe.
The incregse in viscosity affects pump losses in the following ways

Mechanicfl losses, P, are essentially independent of the viscosity of the liquid being pumped.

Hydraulic[losses similar to pipe friction losses occur at the inlet, in the impeller, in the volute ondiffuser, and in
the dischafge of a pump. In basic rotodynamic pump theory, the useful head (H) is the difference of the impeller
theoretical|head (Hy,) minus the hydraulic losses (H ). In accordance with References [9], [10] and [18] of [he
bibliographly, the flow deflection or slip factor of the impeller is not generally influenced*by the viscosity and
therefore the theoretical head (Hy,) is not affected. Thus head reduction due to wiscous flow is primarily a
function of|the hydraulic viscous flow losses.

These hydraulic losses consist of friction losses, which are a function of the/Reynolds number (pump size, rqtor
speed, angl viscosity effects), surface roughness of the hydraulic passageways, and mixing losses caused| by
the excharjge of flow momentum due to nonuniform velocity distributionS¢Such nonuniformities or mixing losges
are causefl by the action of work transfer from the blades, decelérations of the liquid, angle of incidence
between liguid flow and blades, and even local flow separations.

Volumetri¢ losses are caused by leakage flows through the\tight running clearances between pump rotor gnd
stator parts. Such leakages decrease with increasing viscosity because the friction factors in the clearanges
increase with decreasing Reynolds number. The rate offlow through the pump is thus increased, resulting ih a
higher heald. This shift of the H-() curve caused by rgduced leakage compensates to some extent the hydratilic
losses mentioned above. The effect may be appreciable for low-specific-speed small pumps with relatively lafge
clearanceg when operating with viscosities below about 100 cSt. This may be the reason why a moderate
increase ir viscosity does not have much effeet.on the head. In fact a slight increase in head has been obseryed
occasionally with increased viscosity. See\Reference [23] in the Bibliography, for example.

The information contained in Reference’[25] has been used successfully to calculate the leakage flows acrgss
axial wear [rings.

Disc frictipn losses are another type of friction loss occurring on all wetted surfaces rotating in the pump. The
associated power losses-(FPxr) strongly influence pump efficiency with viscous liquids. Disc friction losses are
generated [mainly on the'Side shrouds of a closed impeller, and in devices for balancing axial thrust. Such losses
also incregse with decreasing Reynolds number or increasing viscosity; they can be calculated from standgrd
textbooks.|State of-the art data are given in Reference [8] in the Bibliography.

Useful infdrmation on the calculation of disc friction and drum friction, which have given good correlation with
experimental TESUITS, can alSo De found I References [25], [26] and [27], Tespectvely.

Boundary layers leaving impeller side shrouds also add some useful energy to the liquid being pumped. This
effect compensates for some of the hydraulic losses discussed above and may also explain part of the head
increase occasionally observed at moderate viscosities.

Disc friction losses have a strong impact on power absorbed by the pump in viscous service. The influences of
impeller diameter (dy), rotational speed (/V), specific speed (ns), and head coefficient (¢)) are shown in
Equation (14):

&N )
(14)

FPrr :f<ﬁ

S
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The influence of viscosity on efficiency is demonstrated in Figure 9 where the ratio of the disc friction losses
(Frr) to the useful power, P, is plotted against the viscosity, with the specific speed ns also as a parameter. In
this particular case, the disc friction losses increase by a factor of about 30 when the viscosity rises from 10~°
to 3 X 1073 m?/s (1 to 3 000 cSt). With a viscosity of 3 000 cSt the disc friction power is nearly 10 times larger
than the useful power for a specific speed of ns = 10 (Ny = 500) and accounts for 50 % of P, for ng = 45
(INs = 2 300).

Y i
10

P
, Py
////Q3

10 10°° 107* 103 102

kinematic viscosity [m2/s]
PRR/PU

ns = 10 (N = 500)

ns = 20 (Ns = 1 000)
ns = 45 (N, = 2 300)

W NP <X X

Figure 9 — Ratio of disc friction losses to useful power (References [7] and [8] in Bibliography)

Considering only the effect of-the disc friction losses on the efficiency, a multiplier Cn_RR can be derived, which
is plotted in Figure 10.,This demonstrates that efficiency when pumping viscous liquids depends $trongly on
spe¢cific speed, due solely to the effects of disc friction. Absorbed power is likewise affected.

Thermal effectsZAll power losses, with the exception of external mechanical losses, are dissipated as heat
adfled to thediguid. This increases the local temperature of the liquid and lowers the viscosity compargd with the
bulk viscasity~at pump suction temperature. Local heating of the liquid by high shear stresses mainly affects disc
frigtion I@sses and volumetric efficiency. At viscosities above about 1 000 cSt, local heating of the liguid may be
ex;rected to be appreciable, but the effects cannot be easily quantified.

Power curves P = f(Q)): Because theoretical head and mechanical losses are essentially not affected by
viscosity, increase in absorbed power when pumping viscous liquids is predominantly caused by disc friction
losses. The power for viscous liquids, P, = f(Q), is therefore shifted relative to the power for water,
P, = f(Q), by an essentially constant amount equivalent to the increase in disc friction losses, except at low
flow conditions; Figure 1.

Net positive suction head required (NPSHR) is influenced by the pressure distribution near the leading edge
of impeller blades. The pressure distribution depends on both the Reynolds number and hydraulic losses
between the pump suction flange and impeller inlet. These losses increase with viscosity and affect NPSHR.
Other factors that influence NPSHR are liquid thermodynamic properties and the presence of entrained or
dissolved gas. The interaction of these factors is discussed in 7.3. A method of estimating the NPSHR on
viscous liquids based on analytical considerations is also outlined in 7.3.
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Figure 10— Influence of disc friction losses on viscaosity'correction factor for efficiency (References [7]
and [8] in Bibliography)

The effects of viscosity on the pressure drop in_the suction piping, hence on NPSHA, need also to |be
considered.

7.3 Method for estimating net poSitive suction head required (NPSHR)

NPSHR a$ a characteristic of rotedyhamic pump suction performance represents the total absolute suctjon
head, mindis the head correspending to the vapor pressure at the pump intake, required to prevent more than
3 % loss in total head caused.by blockage from cavitation vapor. It depends on the pump operating conditions,
the geomeftry of both pump and intake, as well as the physical properties of the pumped liquid.

There is ajdual influence of the pumped liquid viscosity on NPSHR. With increased viscosity the friction goes
up, which fesults inxan increase of NPSHR. At the same time, higher viscosity results in a decrease of air and
vapor pa:_licle diffusion in the liquid. This slows down the speed of bubble growth and there is alsq a

thermodynamic effect, which leads to some decrease of NPSHR.

The effect of viscosity on NPSHR is substantially a function of the Reynolds number. However, this effect cannot
be expressed by a single relationship for all of the different pumps designs and types. As a general rule, larger
size pumps and pumps with smooth and sweeping impeller inlets are less susceptible to changes in the
pumped liquid viscosity.

Gas dissolved in the liquid and gas entrained by the pumped liquid in the form of finely dispersed bubbles
influence NPSHR differently than large bubbles of gas. If the flow velocity at the pump inlet is high enough, a
small amount of entrained gas does not separate and essentially has no or very little influence on the NPSHR.
The presence of larger gas accumulations greatly affects the pump suction performance. It causes the total
head — NPSHR characteristic curves to change shape from exhibiting a well-defined “knee” to having a gradual
sloping decay in head. This increases the point of 3 % head loss or, in other words, moves the NPSHR to a
higher value.
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When handling viscous liquids at lower shaft rotational speeds, the NPSHR has been observed to be higher
than would be predicted by the affinity rules.

Overall the development of vaporization and gas release depends to a great extent on the time of exposure to
lower pressure. In general, a cavitation test at constant rate of flow and speed with variable suction conditions
cannot be applied to viscous liquids if variation in suction pressure is obtained by lowering the pressure in the
whole test loop. This is because, unlike water, the liquid in the tank will not be rapidly deaerated. Rather, air will
gradually diffuse out of the liquid in the suction line and will cause blockage at the impeller inlet.

The following generalized method is provided for approximation purposes but the user is cautioned that it is
bafed on an analytical approach and is not based on actual NPSHR test data. When pumping higlply viscous
liquids, ample margins of NPSHA over the NPSHR are required and the advice of the pump_ymanufacturer
should be sought.

Thi|s generalized method should not be applied to hydrocarbons without consideration,of thermal effects on the
liqlid properties. See ANSI/HI 1.3.4.1.16.3 1241,

The following equations are used for developing the correction factor to adjust'the pump water pgrformance
NASHR, based on the standard 3 % head drop criteria, to the correspending viscous liquid |[NPSHR,;g
pefformance.

GiYen units of Qgep.w iN M3h, NPSHRggp. in M, and N in rpmyuge Equation (15):
1 NPSHRgEp.
Cypsy = 1+ {A x (— — 1) X 274000 X { i } } (15)
Ch (@atrw) X Nt33
Giyen units of Qggp.w in gpm, NPSHRggp.w in ft,@nd N in rpm, use Equation (16):
1 NPSHRggp.
CNPSH:1+{A>< (——1) %225 000 X [ e ]} (16)
Ch (Qepw) X N3

The value of the suction inlet geometry variable (A) is selected as follows.
For end suction pumps; A’ = 0,1

For side inlet pumps (flow passageway bends approximately 90 degrees from suction nozzle into the
impeller): A =0,5

Values of NPSHR are adjusted by the NPSHR correction factor, Cypsh.

NPSHRVis - CNPSH X NPSHR

Rate of flow is not corrected in this NPSHR correction method. For rate of flow corresponding to corrected
values of NPSHR,;;s, use uncorrected values of Q.

An example of this NPSHR correction method is illustrated in Figures 11 and 12.

EXAMPLE (Metric units): Refer to Figure 11 and Table 3. Assume that the example pump has a radial suction inlet
configuration with A = 0,5. Assume the Qgep.w rate of flow is 110 m*/h, the NPSHRggp.w is 4,15 m, the speed N is
2 950 rpm, and the B factor is 12,0 yielding a head correction factor Cy of 0,81. Calculate the NPSHR correction factor
using Equation (15):

G —1+05><< 1 1)x274ooo><< 415 )—114
NPSH ™ ’ 0,81 110°%7 x 2950038 )
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Figure 11 —Example NPSHR vs. rate-of-flow chart, expressed in metric units
Table 3 — Example calculations (metric units)
B factor 12,0
Specific grgvity)of viscous liquid (s) 0,90
Pump shaft speed (IN) — rpm 2950
Ratio of water best efficiency flow Qw/Qsep-w 0,60 0,80 1,00 1,20
Water rate of flow (Qw) — m3/h 66 88 110 132
Water net positive suction head required (NPSHRy,) — m 2,55 3,10 4,15 6,25
Correction factor for head at best efficiency flow (Ch) 0,81
Correction factor for NPSHR (Cpsh) 1,14
Corrected net positive suction head required (NPSHR,;s) — m 2,91 3,53 4,73 7,13
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