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Presenter Notes
Presentation Notes
Commence on Slide 2
Morning Session
Good morning to those of you in Europe & Africa, good afternoon and evening to those of you joining us from Asia, and a very warm welcome to you all. 
Evening Session
Good morning to those of you on the West Coast, good afternoon to those of you joining us from the East Coast , good evening to anyone joining us from Europe or stations further East.
 
Thank you for joining this, the thirty-third of our regular series of short courses on pumping topics. 
This one will last about 40 minutes allowing us the time for a Q&A session after the presentation.
 
Those of you who attended any of the earlier sessions will know that We are deliberately steering away from product presentations and towards educational content, addressing a pumping topic in each one. We believe this is very important in the new world order of many engineers working from home making in-workplace training that much more difficult.
 
I do include a few slides at the end of the presentation that remind you of who we are and what we do. But I do not dwell on them
They will be in the pdf copy of the presentation you get, so you can peruse them at your leisure.

Restart Screen share



Here is a listing of all the previous courses.

Any you have missed you can get from our website www.ruhrpumpen.com

and follow the menu bar link to RP Short Courses

No 1 — API610 12th v 11th editions
No 2 - Curve Shape (1)
No 3 — The Importance of System Curves (1)

No 4 - Selecting the Right Pump for the
Application

No 5 - NPSH & Nss

No 6 - Mechanical Seals & Systems (1)
No 7 - Firepumps

No 8 - BBS Barrel Pumps

No 9 - Pump Instrumentation

No 10 — Non-Destructive Examination
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RuhRPumpen Short Courses

Continued next slide

No 11 - Vertical Pumps (Part 1) Type VS1, VS2, VS3

No 12 — Vertical Pumps (Part 2) Type VS4, VS5, VS6 &
VS7

No 13 — Performance Testing of Centrifugal Pumps; the
What, the Why & the How

No 14 — Testing & Inspection of APl 610 Pumps

No 15 — Start-Up, Commissioning & Troubleshooting
Centrifugal Pumps

No 16 — Introduction to Positive Displacement (Plung
Pumps

No 17 — Refresher Session
No 18 — Overhung Process Pumps OH1 & OH2



Presenter Notes
Presentation Notes
Here is a listing of all the previous short-courses we have run during the last 3 years
If you have missed any of them you can get a copy of the materials from our website
Go to www.ruhrpumpen.com  & follow the link to RP Short Courses



http://www.ruhrpumpen.com/
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Here is a listing of all the previous courses. Contd

Any you have missed you can get from our website www.ruhrpumpen.com

No 19 — Vertical Overhung Process Pumps OH3-OHG6
No 20 — New Developments in the VS6 Market
No 21 — BB4 Multistage Pumps for the Power Industry

No 22 — Coking Process and Hydraulic Decoking
Equipment

No 23 — Pumps for the Desalination Market
No 24 — Cryogenic Pumps

No 25 — Magnetic Drive Pumps

No 26 — Mechanical Seals & Systems (2)

No 27 — The Importance of System Curves (2)
No 28 — NPSH & Nss Made Simple (2)

No 29 — Curve Shape, Head Rise & Allowable
Tolerances (2)

No 30 — Selecting the Right Pump for the
Application (2)

No 31 Comparison of AP1610 12t & 11t Editions
(2)

No 32 Pump Instrumentation (2)

and follow the menu bar link to RP Short Courses



Presenter Notes
Presentation Notes
Here is a listing of all the previous short-courses we have run during the last 3 years
If you have missed any of them you can get a copy of the materials from our website
Go to www.ruhrpumpen.com  & follow the link to RP Short Courses


http://www.ruhrpumpen.com/
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RUHRPUMPEN  AboutRP Markets ~ Products Services ~ Downloads Contact alect your p RP short courses

=,

Medic Center

More Articles All Courses

Introducing the new Ruhrpumpen Website

Impeller Lift Procedure
Newsletter Ruhrpumpen Fire Systems - December 2022
VTP pumps for major water transfer project in Bolivia

COVID-19 UPDATE

Don't miss our

Introducing the RP ANSI Process Pump Range 5

Ruhrpumpen Resources —
Coolant System Maintenance COMING SOON
RP delivers APl 674 pumps for Gas Dehydration Package in
Algeria

Packing strips and packing gland tightening procedure

QUALITY

INNOVATION
EFFICIENCY o



Presenter Notes
Presentation Notes
If you go to www.ruhrpumpen.com you get to this screen
And here is the link to the RP Short Courses
But while we are here, here is a link to our Curve Drawing Program “GPS”. You can download your own copy of this useful tool using this link if you wish.
 
So here is the link to RP Short Courses.
Click on that and it takes you……CLICK

http://www.ruhrpumpen.com/
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SHORT COURSE 12

Vertical Pumps (VS4/5, VS6, VS7)

Full session.

Downloads. (14.73 MB)

SHORT COURSE 13

Performance Testing and Inspection of APl 610 Pumps

Full session.

Downloads. (4.58 MB)

SHORT COURSE 14

Performance Testing and Inspection of APl 610 Pumps

Full session.

Downloads. (7.30 MB)



Presenter Notes
Presentation Notes
….to this screen
You will see all of the recent courses listed and you can click on any of them to see the course material
The most recent of the previous 32 courses are up there. 



RuhRPumpen Short Courses

SHORT COURSE 14

Performance Testing and Inspection of APl 610 Pumps

Full session.

Downloads. (7.30 MB)

Start-Up, Commissioning & Troubleshooting Centrifugal Pumps
Full session.

Downloads. (6.14 MB)

SHORT COURSE 16
Introduction to Positive Displacement (Plunger) Pumps
Session part 1.
Session Part 2.

Downloads. (10.50 MB)



Presenter Notes
Presentation Notes
….to this screen
You will see all the courses listed and you can click on any of them to see the course material
The most recent of the previous 30 courses are up there. 



Session 33 —

“Handling Viscous Fluids with Centrifugal Pumps”

Aimed at Process and Mechanical Engineers, Consultant Engineers who specify pumping
equipment as well as Applications & Sales Engineers selecting and quoting them.

This course will look at how to correct standard (water) performance curves for handling

viscous fluids and the considerations to be taken into account in selecting & specifying them.


Presenter Notes
Presentation Notes
 This seminar is going to look at Handling Viscous Fluids with Centrifugal Pumps.
It will look at how to correct standard (water) performance curves for handling viscous fluids and the considerations to be taken into account in selecting & specifying them.
�While manufacturers’ curve drawing programs automatically correct for viscosity it is important to understand how and why it works. Also it helps to understand how a pump normally operating on oil at (say) 10cS will behave during start-up with cold oil at (say) 100cS.
 
We will be holding a Q&A session at the end. 
It won’t be fully interactive, there are too many of you on board for that, but we will do the best we can.
Please use the “Q&A” facility the bottom of your screen to ask any questions or make any comments. I will address those that I can live at the end of the session and the rest we will address by mail in the coming days.
 
We are recording this session and will make it available to all attendees as a You-Tube link as well as by emailing you a PDF version of the slideshow and the Q&A Summary from both of today’s sessions.



Handling Viscous Fluids

What does it look like?

LINK

https://www.linkedin.co

m/feed/update/urn:li:act
ivity:718123650787623
7313?updateEntityUrn=
urn%3Ali%3Afs feedU

pdate%3A%28V2%2Cu
rn%3Ali%3Aactivity%3

A71812365078762373

13%29

15W40 viscosity = 287cSt at 20C
10W40 viscosity = 208cSt at 20 C
9W40 viscosity = 180cSt at 20 C



Presenter Notes
Presentation Notes
I thought you might find this to be an instructive little video to help you visualize viscosity 
	15 W40 = 287cSt at 20C
	10W40 = 208cSt at 20C
	5W40 = 180cSt at 20C


https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
https://www.linkedin.com/feed/update/urn:li:activity:7181236507876237313?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A7181236507876237313%29
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Handling Viscous Fluids

Referenced Source

ANSI/HI 9.6.7-2010

American National Standard (Guideline) for:

Effects of Liquid Viscosity on Rotodynamic
(Centrifugal and Vertical) Pump Performance

“This is an empirical method based on the test data available from sources throughout
the world. It provides a way of predicting the effects of liquid viscosity on pump
performance with adequate accuracy for most practical purposes”



Presenter Notes
Presentation Notes
This is the key referenced standard
I will take you through this and show you how we as manufacturers use it. I have taken extracts from it for the purpose of this educational webinar.
If you need to use the content professionally I would encourage you to buy the standard (as we have done).
 
 “This is an empirical method based on the test data available from sources throughout the world. It provides a way of predicting the effects of liquid viscosity on pump performance with adequate accuracy for most practical purposes”
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ANSI/HI 9.6.7-2010

“The method in this document gives correction factors similar to the previous HI method
(from 2000) . The new method matches the experimental data better than the old HI
method that has been widely used throughout the world for many years.”

“These tests of conventional single-stage and multistage pumps cover the following
range of parameters:

® closed and semi-open impellers;

= kKinematic viscosity 1 to 3000 cSt;

= rate of flow at BEP with water Qggp.y = 3 10 410 m3/h (13 to 1800 gpm);
" head per stage at BEP with water Hggp\y = 6 to 130 m (20 to 430 ft).”



Presenter Notes
Presentation Notes
This 2010 version is a substantial update on a previous 2000 version.
It covers…
Read Slide
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ANSI/HI 9.6.7-2010

“There will be increased uncertainty of performance prediction outside the range of test
results. This uncertainty, however, is not expected to exceed the uncertainty that existed
when applying the previously published (2000) HI viscosity correction method
(Maximum flow = 2271 m3/h [10,000 gpm]).”



Presenter Notes
Presentation Notes
A caveat here, telling you that it can be used outside  of these limits (in the previous slide) with an increased level of uncertainty but better than the old standard from 2000



Handling Viscous Fluids

What are the Losses and Why?

= Mechanical Losses 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 or diffuser, and in the discharge of a pump.

= Volumetric losses are caused by leakage flows through the tight running clearances
between pump rotor and stator parts. Such leakages decrease with increasing
viscosity because the friction factors in the clearances increase with decreasing
Reynolds number. The rate of flow through the pump is thus increased, resulting in a
higher head. This shift of the H-Q curve caused by reduced leakage compensates to
some extent the hydraulic losses mentioned above.



Presenter Notes
Presentation Notes
What are the Losses and Why?
Mechanical Losses Read
Hydraulic Losses  Read
These hydraulic losses consist of friction losses, which are a function of the Reynolds number and hence viscosity
Also pump size, rotor speed, and surface roughness of the hydraulic passageways. 
 
Volumetric Losses
Read
The effect may be appreciable for low-specific-speed small pumps with relatively large clearances when operating with viscosities below about 100 cSt. This may be the reason why a moderate increase in viscosity does not have much effect on the head. In fact a slight increase in head has been observed occasionally with
increased viscosity..
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Handling Viscous Fluids

What are the Losses and Why?

= Disk friction losses are another type of
friction loss, occurring on all wetted
surfaces rotating in the pump. The
associated power losses strongly influence
pump efficiency with viscous liquids.

= The disk friction losses increase by a factor

of about 30 when the viscosity rises from 1
to 3000 cSt.



Presenter Notes
Presentation Notes
Disk friction losses are generated mainly on the side shrouds of a closed impeller and in devices for balancing axial thrust. Such losses also
increase with decreasing Reynolds number (or increasing viscosity)

This demonstrates that efficiency when pumping viscous liquids depends strongly on specific speed, due solely to the effects of disk friction. Absorbed power is likewise affected. Lower specific speed = higher losses.
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What are the Losses and Why?

= With a viscosity of 3000 cSt, the disk
friction power (Prg) is nearly 10 times
larger than the Useful Power (P ) for a
pump specific speed of n, = 10 (Ng = 500)
and accounts for 50% of the Useful Power
(Py) for ng =45 (Ng = 2300).

Values of specific speeds

500 -
600 —
700 -
800 -
900 -
1000 -
1500 -
2000 —
3000 —

Impeller shrouds
Impeller shr

Radial-vane Area Francis-vane Area

15


Presenter Notes
Presentation Notes
This picture illustrates this quite well
Low specific speed pumps have a bigger diameter and narrower flow passages compared with higher specific speed impellers. So understandably the disc friction losses are much higher for low Ns impellers


Handling Viscous Fluids

(a) (b)

Water —=== \liscous liquid

Figure 9.6.7.3.1 — Modification of pump characteristics when pumping viscous liquids



Presenter Notes
Presentation Notes
Pumping viscous fluids will cause the H/Q curve to decay - this is the water curve and this the viscous curve; likewise the Efficiency Curve; and the viscous power curve will be correspondingly higher.
How do we calculate the magnitude of these effects?



Handling Viscous Fluids
The Method

m Step 1 — Calculate “Parameter B”

Calculate parameter B given metric units of Qs in m®h, H,; in m, and V, s in cSt using Equation 10:

B = 2.80 x (Vye)0* (Eq. 10)
(OVFS)DIEE 5¢ {HW‘S)DJES
or, given US customary units of Q,;s in gpm, H,;in ft, and V5 in ¢St using Equation 11:
(vas)ﬂ'ﬁg
B =470x (Eq. 11)
(GFFS]DIEE X ( HH_E)GJEE

= |f B >40 then STOP! This is probably not a centrifugal pump application



Presenter Notes
Presentation Notes
Whether you are doing it manually or letting the manufacturer’s curve drawing program do it, THIS is the method that is followed.
Step 1 Calculate Parameter B
Here is the formula straight from the Standard
In metric units
In US customary units
This formula and the formulae to follow in the next few slides will be a bit tricky for you to calculate if you are using a cell phone calculator, or a pocket calculator, or if you are even older (like me) and are using  a slide rule.
So I have done it for you in an Excel Spreadsheet which I will show you in a minute or two
 
If B > 40 then stop. This is probably not a centrifugal pump application
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The Method

® Step 2 - Read off Correction Factors for Flow (CQ) and Head (CH) from this chart.

CH

Correction factors

Flow and head correction factors vs. parameter B

GG = GH ={E?‘| )“0_135 x (l0gyq B)3.15

--..-_:""-..._
T
NS e
T o - =1 -
S o -
\ N l-..-‘
T “;‘\ = - - - .
"\.\\ il -

T “'\\h £ -

S
CH and CG vs. Bat QEEP-W > \'w.
_—— GHVS.Bat'LEX OEEP*W N\

CH vs. Bat 0.8 x QEEF—W

GH vs. Bat 0.6 x QEEP—W

10
Parameter B

Figure 9.6.7.4.5a — Chart of correction factors for Cgand Cy

100



Presenter Notes
Presentation Notes
Read off the correction factors CQ & CH from this chart
Go in with the value of Parameter B you have just calculated and read off CQ & CH which are numerically the same at or near the BEP
That is the solid line
Read off also the values from the dashed lines which are for 60%, 80% and 120% of BEP flow. 
You don’t need them right now but you will do.
You can calculate these two factors CLICK 
Here is the formula for calculating these if you prefer with your trusty slide rule. 
This is how the curve programs will do it.
But reading from the chart is quite accurate enough. We don’t need 3 decimal places here.



Handling Viscous Fluids
The Method

® Step 3 — Calculate the approximate water performance flow and head.
Qy = Qys/ Cq Hy = Hys/ Cy

® Step 4 — Select a pump that has a performance of Qw & Hw as close as possible to
BEP

® Step 5 — Read off Correction Factors for Efficiency Cﬂ from this chart

Effyis = Cerr X Effyyar



Presenter Notes
Presentation Notes
Step 3
Step 4
Step 5
We go to the next chart and read off the correction factors for CEff
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The Method

Correction factor Cﬂ

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0

—~——

Efficiency correction factor vs. parameter B

For 1.0 < B<40: CT'! — [B-(0.0547 x B0-59)

<

1 10

Parameter B

Figure 9.6.7.4.5b — Chart of correction factors for C,

Hydraulic Institute Standards, Copyright © 1997-2010, All Rights Reserved

100

Effyis = Cerr X Effyyar
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Presentation Notes
Again Go in with the value of Parameter B you have just calculated and read off Ceff
CLICK
Here is the formula for calculating these if you prefer, which is how the curve programs will do it.
But reading from the chart is quite accurate enough. Again we don’t need 3 decimal places here.
Calculate the Viscous Efficiency with this formula.



Handling Viscous Fluids
The Method

® Step 6 — Calculate the Viscous Power

(using the usual power calculation formulae)

For rate of flow in m%h, total head in m, and shaft input power in kW, use Equation 8:

_ Quis X Hyis_tot* S

P
vis 367 xM;s

For rate of flow in gpm, total head in ft, and shaft input power in hp, use Equation 9:

QuisX Hyjs_ 01X S
3960 X175

Puis =



Presenter Notes
Presentation Notes
Calculate the Viscous Power at the duty point using the usual power calculation formulae.
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Calculating Viscosity Correction Factors

Parameter B Metric Units Password Protected so you don't over-write formulae! Password is Simon

Step 1. Calculate parameter B based on the water performance best efficiency flow (Qggp.p)

Given metric units of Qggp.yy in m3/h, Hggp.yyin m, Nin rpm, and V, in cSt, use Equation 2:

V.. )0.50
B = 16.5><{ Vi

(Eq. 2)

Given US customary units of Qggp.in gpm, Hgep.yyin ft, Nin rpm, and V5 in cSt, use Equation 3:

(Vys)®90x (Hgep _ 1) 00825

B = 26.6 x Eq. 3
(Qgep_ w)°375 x NO-25 (Eq.3)
V vis V vis NS H wat H wat 70.0625 Q wat Q wat 70.375 N N 70.25
120 10.954 77 1.312 110 5.828 2950 7.370
120 77 110 2350

B= 5.521 Limitis 40

3.52
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This is the spreadsheet I have written to calculate the Viscosity Correction Factors.
Here Parameter B, enter flow head viscosity and speed in the grey cells, calculated values appear in the yellow cells



Cq & Cy Metric Units

i sy e e e A T e e e i S i i ol A AL T RS

Step 2. Galculate correction factor for flow (Cp) (which Is aiscn equa[ tu thE cnrrectlnn factnr for head at BEF‘
[Cgep-Hl) corresponding to the water performance best efficiency flow (Qggp.j) using Equation 4. Correct
the other water performance flows (Qy) to viscous flows (Q,;5). These two equations are valid for all rates
of flow (Qy).

CD — {2-?1 J—ﬂ"EEX[ng-‘D 5}3'15 (Eq- 4)

Ca&Cy= 0.938 at BEP

Step 3. Calculate head correction factors (Cp) using Equation 6, and then corresponding values of viscous head
(H,;) for flows (Qyy) greater than or less than the water best efficiency flow (Qgep.i).

Q,, ~075
Cpy = 1 _[(1 —Caep_ 1) X [G—“”m) } (Eq. 6)
BEFP-
Hyis = CyxHy
CHeo% asep-w 0.958 at 60% BEP
CHago% qsep-w 0.947 at 80% BEP

CHiZD% QBEP-W 0.929 at 120% BEP



Presenter Notes
Presentation Notes
CQ & CH calculation
Automatically calculated from the data you entered above




Handling Viscous Fluids

Example

Cerr

| Step 4. Galc:ulate the correction factor for EﬁIE:IE]'IC}f (Cy) uémg Equatmﬁ 7 or 8 and the corresponding values of
~ viscous pump efficiency (n,;s). The following equations are vallcl for flows (Qy) greater than, less than
- and equal to the water best efficiency flow Qggp.iy:

For 1.0<B<40, C, = B-(0.0547xB%%) (Eq. 7)

Cerr = 0.738



Presenter Notes
Presentation Notes
CEff calculation
Again automatically calculated from the data you entered above



Handling Viscous Fluids

Example

= Select a pump to deliver 100m3/hr at 70m TDH of a hydrocarbon with SG 0.9 and
Viscosity 120cSt



Presenter Notes
Presentation Notes
Now here is a worked example
Read



Handling Viscous Fluids

Example

= Select a pump to deliver 100m3/hr at 70m TDH of a hydrocarbon with SG 0.9 and
Viscosity 120cSt

'  (120)050
" Step1-B =57 o= ?'Box(100)5*25_>3(?0)ﬂ*125 R
= Step 2 — C, & Cy, = 0.93 (from chart) 0y = 19 _ 1071 mim
0.934
= Step 3 -Qy = 107m3/hr, Hy, = 75 m3/hr " Hy, _____{% _749m

= Step 4 — Select Pump (water performance) 06
C“ = (5.70) [0.0847 x(570)°%] — (4 709

" Step 5 — Cgge = 0.73 (from chart) Nys = 0.729 % 0.680 = 0.496

= Step 6 — P, = 34.6kW P, = 100x70x0.90
367 x 0.496

= 34.6 kW
= Step 7 — Tabulate data (next slide)

= Step 8 — Draw Viscous Performance Curve on Water Curve



Presenter Notes
Presentation Notes
Step 1 Calculate Parameter B using this formula
Here it is 5.7 which is less than 40 so we are good to go.
 
Step 2 Read off Cq & Ch – 0.93
 
Step 3 Calculate the Water Duty
 
Step 4 Select your pump (on the calculated water performance)
 
Step 5 Read off the Viscous Efficiency Correction Factor 0.73 and calculate the Viscous Efficiency
 
Step 6 Calculate the Viscous Power
 
Step 7 will be to Tabulate the data and Step 8 will be to Draw your Viscous Performance Curve on top of the Water Curve
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Manual Tabulation

Viscosity of liquid to be pumped (V,;s) — cSt 120

Specific gravity of viscous liquid (s) 0.90

Pump shaft speed (N) — rpm 2950

Ratio of water best efficiency flow Qu / Qgep.wy 0.60 ] 0.80 1.00 1.20 ’J-

Water rate of flow (Qu or Qgep.p) — m/h 66.0 88.0 110.0 132.0 ! From published
Water head per stage (Hy, or Hggp.jy) — M 87.3 83.0 77.0 69.7 water curve
Water pump efficiency (my) 0.60 0.66 0.68 0.66

Parameter B 5.52 : Calculated
Correction factor for flow (Cq) 0.938 From
Correction factors for head (Cp, or Cgep.) 0.958 | 0.947 | 0.938 0.929 i Charts
Correction factor for efficiency (C,,) 0.738 -

Corrected flow (Q,;s) — m¥%h 61.9 82.5 103.2 | 123.8

Corrected head per stage (H,;s or Hgep.yis) — M 83.6 78.6 72.2 64.8

Corrected efficiency () 044|049 |os0 |oas | [ Calculated
Viscous shaft input power (P,;5) — kW 28.6 32.5 36.4 40.2
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Presentation Notes
If you are doing it manually you prepare a tabulation like this
Here are your “givens” – the viscous flow and head you want.
You calculated the water performance 107 vs 75m in Step 3, selected a pump with BEP as near as possible to that – in this case 110 vs 77m (pretty close)
You tabulate the curve data from the published water curve at 60%, 80% 100% & 120% of BEP flow
Here are the Correction factors you read off the charts
Here are the calculated Viscous Performance data
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Presentation Notes
Here is your curve as drawn by the computer.
In this case the Ruhrpumpen “GPS” selector which is an Intelliquip based tool. Nearly all the pump companies use an Intelliquip based system so we all do this the same way.
The dotted line is the water performance
The solid line is the viscous performance.
 
If you were doing it manually you would plot the 4 points you tabulated and draw the curve with a flexi-curve or, better, a No 8 Ships Curve, extrapolating the curves back to the origin.



@ Baszad on curve number : OKH 115 025.00
7N\
- Liquid (3
» Liquid type - Hydrocarbon
No] Additional liguid descriplion |
2 Solids diameter, max mm
L. Solids concentration, by volume e
‘g Temperature, max 20,00 deg C
8 Fluid density, rated / max lpaoo  |/foso0  |sG
» Viscosity, rated 120.0 cst Correction
; Vapor pressure, rated bar.a / Factors
c CqgfChiCefCn AMSIHI 36 7-2010 » 093/09370.7371.00
— Material
S Q@
% Material requested | 56 w |
T Material zelected - 56
Pressure Data ()
Maximum discharge pressure - 8.25 barg
Kaximum allowable working pressure - 41.50 barg
Maximum allowwable suction pressure : 3242 barg
Hydrosiafic test pressure c 6225 barg
Driver & Power Data
Diriver sizing specificalion | Rated power e
Margin over specification %
Service factor [ Juse service factor
Power, hydraulic 1718 kW
Power, rated 23416 kW
Power, maximum, rated diameter S 36.97 kW
Power reserve (rafed / max / sizing spec) 915 /0.86 7915 %
29
Minimum recommended motor rafing |:| get b - 3728 KW/ 50.00 hp
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Presentation Notes
Here are the performance data sheets from the GPS Program. 
See here the calculated Correction Factors
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Handling Viscous Fluids <">

Size

Stages

Flow, rated

Differential head ! pressure, rafed (requested)
Differential head ! pressure, rated (actual)
Suction pressure, rated / max

NPSH available. rated

Site Supply Fregquency

Speed criteria

Speed, rated

Impeller diameter, rated

Impeller diameter, maximum
Impeller diameter, mininmum
Efficiency

MPSH required / margin required
ng {imp. eye flow) / S (imp. aye flow)
MCSF

Head, maximum, rated diameter
Head rise to shutoff

Discharge ornifice outer diameter
Flow, best eff. point

Flow ratio, rated / BEP

Diameter ratio (rated / max)
Cutwater ratio (rated / cutwater)
Head ratio (rated dia /f max dia)

Selection status

- SCE 4x3x11 (A) (OH2)
1

Operating Conditions (5
m3h
m (+0.00 bazed on fest acceptance - API)

CT0AT m

| 0.00 | f[0.00 bar.g

(ampe
Exal

Performance

| Synchromous |
set@ (2960 |rom
O set@ [253 v |mm

- 278 mm

- 214 mm

- 50.29 %
-3.55/0.00m

A7 4180 Mefric units
1 23.87 m3h

193,66 m

- 33.42 % |_|Using discharge orifice(_Hide on PDF)
- 76.20 mm

1 93.92 m3h

- 106.47 %

-91.01 %

- NI

- 76.53 %

(| Hide on POF © Acceptable

30



Handling Viscous Fluids

Example 1

= Select a pump to deliver 100m3/hr at 70m TDH of a hydrocarbon with SG 0.9 and

Viscosity 1cSt VS 120cSt VS 450cSt
= CQ 1.0 0.93 0.83

= CH 1.0 0.93 0.82

= CE 1.0 0.73 0.51

= Efficiency 68.1% 48.3% 35.5%

= Rated Power 25.2kW 37kW 50.3kW

Pump Size 4x3x11 OH2



Presenter Notes
Presentation Notes
Let’s have a look and see what happens when we vary the viscosity.
This is the example we just did 
Here is the performance at 1cSt
Here it is at 120cSt – see what happened to the useful power
Here it is at 450cSt
This is an OH2 pump size 4”x3”x11”
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Presenter Notes
Presentation Notes
Here is the curve at 450cSt



Handling Viscous Fluids
Example 2

= Select a pump to deliver 600m3/hr at 120m TDH of a hydrocarbon with SG 0.9 and

Viscosity 1cSt VS 1250cSt
= CQ 1.0 0.87

= CH 1.0 0.88

= CE 1.0 0.59

= Efficiency 77.3% 47.0%
= Rated Power 229kW 376kW

Pump Size 8x8x15 OH2



Presenter Notes
Presentation Notes
Another example – a larger pump this time an 8x8x15 OH2 and this time at a much higher viscosity of 1250cSt. 64% higher power.
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Handling Viscous Fluids
What About NPSH?

® There is no definitive answer within ANSI/HI 9.6.7-2010

“There is a dual influence of the pumped liquid viscosity on NPSH3. With increased viscosity the friction
goes up, which results in an increase of NPSH3. At the same time, higher viscosity results in a
decrease of air and vapor particle diffusion in the liquid. This slows down the speed of bubble growth
and there is also a thermodynamic effect, which leads to some decrease of NPSH3.

The effect of viscosity on NPSH3 is substantially a function of the Reynolds number. However, this
effect cannot be expressed by a single relationship for all of the different pump 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 NPSH3 differently than large bubbles of gas. If the flow velocity at the pump inlet is
high enough, then a small amount of entrained gas does not separate and essentially has no or very
little influence on the NPSH3. The presence of larger gas accumulations greatly affects the pump
suction performance. It causes the total head / NPSH3 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 NPSH3 to a higher value.”



Presenter Notes
Presentation Notes
What about NPSH?
Click
There is no definitive answer within the Standard
There are positive and negative impacts.
Here are 3 extracts from the Standard
Click
Click
Click
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Presenter Notes
Presentation Notes
Let me illustrate this last point with reference to a typical NPSH Test Curve
Here is the “Knee” they refer to
Let’s take the flow of 402gpm
Gradually reduce the suction head (the NPSHA) and measure the discharge head
Here are the points and here is where we get a sudden fall off in discharge pressure that indicates NPSH3
Here with water we are seeing a clearly defined drop a sharp Knee.
What HI say here (click back)is that there can be a change from a well defined Knee to a gradual sloping decay
So like this rather than this.
This will lead to an INCREASE in NPSH3 – a higher value. 



Handling Viscous Fluids
What About NPSH

= So we see that ANSI/HI can'’t really make up its mind definitively what the real affect of
viscosity on NPSH3 is.

= |t does suggest a formula for a correction factor but does say “the user is cautioned
that it is based on an analytical approach and is not based on actual NPSH test data.
When pumping highly viscous liquids, ample margins of NPSHA over the NPSH3 are
required and the advice of the pump manufacturer should be sought.”

= RP and most other major manufacturers do not use a correction factor.

" The best advice is to be cautious with your NPSH margins.



Presenter Notes
Presentation Notes
Go through slide.



Handling Viscous Fluids

Other Considerations

= Seal manufacturers should be consulted with all process conditions to ensure the right
sealing solution

= For sealless pumps (canned motor or magnetic drive)

= |[n canned motor pumps, the motor rotor and sleeve bearings are immersed in the pumped
liquid. In magnetic drive pumps, the shaft magnetic coupling and bearings are immersed in
the pumped liquid. The additional viscous drag due to the immersion of these components
will lead to higher losses, resulting in increased power consumption and increased starting
torque requirements. Heating of the viscous fluid in the rotor chamber may be a mitigating
factor in sealless pump losses. Furthermore, cooling flow to the motor or magnetic coupling
and bearings will be decreased. The temperature rise caused by the increased losses and
decreased cooling flow must also be considered. In addition, the ability of the liquid to
lubricate the sleeve bearings must be evaluated.

= Motor sizing for the maximum viscosity case.



Presenter Notes
Presentation Notes
Go through slide.



Handling Viscous Fluids
What is the Limit of Viscosity that a Centrifugal Pump can Handle

" There is no definitive answer.
= Speak to a PD Pump vendor and he will say 200cS (©)
= Speak to a Centrifugal Pump Vendor and he will say 2000cS
= But you saw in Example 2 what 1250cS does to your absorbed power — 164 %!
= | posted this question on Linkedln on 3 different pumping forums.
= My posts were read by over 700 pump guys and | got ONE Answer.

= My own opinion is that above about 500cS start looking at positive displacement
pumps (largely from a cost of power viewpoint)



Presenter Notes
Presentation Notes
Go through slide.



Handling Viscous Fluids
What is the Limit of Viscosity that a Centrifugal Pump can Handle

1. For pipeline pumps the main criteria is OPEX since the cost of power is their biggest cost by far.

2. You need to check for potential over stress on the shaft, keys, coupling etc. and overload of the motor. This
is sometimes overlooked on pumps that need to start in really low ambient temperatures. | can recall some
big refinery BB2 pumps for Siberia that had to start under very cold conditions and the short term fluid
viscosity was so high they had to have a special startup routine that limited flow to <10% of BEP until the fluid
got warm enough. Otherwise they would have damaged the pump/motor.

3. On smaller pumps and low specific speed pumps it often becomes mainly an issue of predicting the
resulting performance. The thing to check here is HI 9.6.7. specifically the "B" parameter.

4. Can the mechanical seal take it ? (in terms of stress on the components from drag and shear between the
seal and shaft - the traditional drive set screws may well be inadequate.

Source — Simon Bradshaw — Global Director of Engineering & Technologies — Trillium Flow Technologies



Presenter Notes
Presentation Notes
Here is the one answer I did get and it is from that well respected Pump Guru Simon Bradshaw
He makes 4 valid points which I share with you here.
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Handling Viscous Fluids

Typical Viscosities

Fluid deg F deg C cSt
Crankcase Oil SAE 20 210 99 5.7-9.6
Crankcase Oil SAE 40 210 99 9.6-12.9
Castor Oil 100 38 259-325
Coconut Qil 100 38 259-325
Crude Oil 48 API 60 15.6 3.8
Crude Qil 32.6 API 60 15.6 23.2
Fuel QOils 1-3 70 21 2-16
Fuel Oil 6 122 50 100-660
Tar, Coke Oven 70 21 600-1760
Quench Oil (Typical) 100-120
Source :- EngineeringToolBox.com



Presenter Notes
Presentation Notes
Some typical fluids and their viscosities.
Nothing too frightening here
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73 . . . Over 50% of the world's recoverable crude oil
RP

Handllng VISCOUS FIUIdS is 22° APl gravity or lower.

(Source: US Geological Survey)
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Source: Sanchez-Minero F., et al., 2014, Comparison of correlations based on APl gravity
for predicting viscosity of crude oils



Presenter Notes
Presentation Notes
This is a very important point to consider for Oil Pipeline Applications. 
Crude Oils in the 30 to 50 API Gravity range have a viscosity in the region of 5 to 15cSt. VERY handleable by a centrifugal pump
But over 50% of the World’s recoverable crude oil is 22 API Gravity or lower and look at the Viscosity of that oil!
Again thanks to Simon Bradshaw for this.


https://pubs.usgs.gov/fs/fs070-03/fs070-03.html
https://pubs.usgs.gov/fs/fs070-03/fs070-03.html
https://pubs.usgs.gov/fs/fs070-03/fs070-03.html

Handling Viscous Fluids
Pumping Crude Oil Through Pipelines

LINK

https://www.linkedin.com/pu
Ise/viscosity-pipelines-how-
save-world-simon-
bradshaw/?trackingld=A1Y
OekwPSsG1K3nfyk8Vsw%
3D%3D

Viscosity, Pipelines and how to
save the world

Simon Bradshaw
Global Director of Engineering and Technology at Trillium Flow 62 articles +/ Following

Technologies



Presenter Notes
Presentation Notes
And for this, a fascinating article by Simon Bradshaw comparing a BB3 multistage centrifugal pump with a triple screw positive displacement pump, making the important point to carefully evaluate OPEX as well as CAPEX in such circumstances.
 


https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D
https://www.linkedin.com/pulse/viscosity-pipelines-how-save-world-simon-bradshaw/?trackingId=A1YOekwPSsG1K3nfyk8Vsw%3D%3D

Coming Attractions ©

“Firepumps for the Oil & Gas Industries”
Thur 6t June — 08.00 (UK GMT+1) (Eastern Hemisphere) & 17.00 (UK GMT+1) (Western Hemisphere)

Aimed at Process and Mechanical Engineers and Consultant Engineers specifying firepumping

equipment for refineries and oilfield installations as well as Applications & Sales Engineers
selecting and quoting them.

As well as covering firepumps in general the course will cover engineered firepump packages for
hazardous areas such as offshore oil platforms and refineries.

Future subjects in preparation include:
® Double Case Pumps (Barrel Pumps — BB5)
= Sump Pumps
= \Wastewater Pumps


Presenter Notes
Presentation Notes
Well that’s it for today’s session, apart from the Q&A in a moment or two
But first off I just want to advertise the next of the Short Courses
 
The next course will be on Firepumps for the Oil & Gas Industries.
As well as covering firepumps in general the course will cover engineered firepump packages for hazardous  areas such as offshore oil platforms and refineries.
 
6th June – that’s 4 weeks today
Again two sessions, one for the Eastern Hemisphere and one for the Western Hemisphere.
The invitation will be published very soon. 
Put it in your diary
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Specialist for Pumping Technology

Q&A

ssmith@ruhrpumpen.com

www.ruhrpumpen.com

marketing@ruhrpumpen.com



Presenter Notes
Presentation Notes
I am leaving this meeting open for a little while to allow you to post in the Q&A box and I will endeavour to answer those that only need a short answer here and now. Those that need a fuller answer will be answered within a few days.
Anything you think of later – email to marketing@ruhrpumpen.com
Or to me directly at ssmith@ruhrpumpen.com
 
Our marketing team are standing by to direct your questions or suggestions to the best person to answer them and they will be sending you the You Tube recording and PDF of the Presentation, the consolidated Q&A from both of today’s sessions, and the Correction Factor Calculation Spreadsheet. 
If you need a Certificate of Completion for this Short Course – send an email to marketing@ruhrpumpen.com

If you need a Certificate of Completion for this Short Course – send an email to marketing@ruhrpumpen.com
Here - right at the end- are 8 slides about Ruhrpumpen that remind you of who we are and what we do
They will be in the pdf copy of the presentation you get, so you can peruse them at your leisure.
Now – on with the Q&A
Stop Sharing
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OUR PUMP LINES

Ruhrpumpen offers a broad range of highly engineered
and standard pumping products that meet and exceed
the requirements of the most demanding quality
specifications and industry standards.

Our pumps can handle head requirements as high as 13,000 ft
(4,000 m) and capacities up to 300,000 gpm (68,000 m3/hr).
Moreover, our pump designs cover temperatures from cryogenic
temperatures of -310 °F (-196 °C) up to 752 °F (400 °C).

Products include:

Single Stage Overhung Pumps
Between Bearings Pumps
Horizontal Multi-Stage Pumps
Vertical Multi-Stage Pumps
Vertical Mixed Flow & Axial Flow Pumps
Positive Displacement Pumps
Full Range of Industrial Pumps
Submersible Pumps

Magnetic Drive Pumps
Decoking Systems

Packaged Systems

Fire Systems


Presenter Notes
Presentation Notes
Overhung – Foot mounted or Centreline, ANSI, ISO, General Purpose or API610
Between Bearings – Axially Split, Radially Split, API compliant
Multi-stage – Axially Split Case & Radially Split Double Case (Barrel)
Vertical - Single stage, Multi-stage, API & General Purpose, Double Case or Single Case
Submersible pumps
Positive Displacement
Mag Drive
Packaged Systems
Fire Systems
I have added a few slides right at the end of the presentation as an appendix, showing the full range of our products. Scroll. But I don’t plan to spend any time on them in this Presentation, you can take a look at your leisure when you get a copy of this Session

That is the end of the commercial, now back to the subject matter!



OVERHUNG PUMPS

CATEGORY RP MODEL DESIGN STANDARD

ISO 2858 & 15783

CRP-M/ CRP-M-CC HI design (OH11)

Sealless Magnetic

Drive Pumps SCE-M API 685
IPP HI design (OH1)
HI design (OH1)
CPP/CPP-L ANSI B73.1
HI design (OH1)
CPO/CPO-L
Foot Mounted ANSI B73.1
OH1 and General CRP HI design (OH1)
End Suction ISO 2858 & 5199
Pumps GSD HI design (OHO)
SHD / ESK/ SK/ SKO ,
SKV / ST/ STV Hi design (OHT)
SWP HI design (OH3A)
Centerline
e SCE API 610 (OH2)
SPI API 610 (OH3)
Vertical In-Line IVP / IVP-CC HI design (OH4 / OHS5)
Pumps m HI design (OH5)

Dimensionally compliant with ANSI B73.2

SPN API 610 (OH5)
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DESIGN

HSC /HSD / HSL .
HSR / ZW HI design (BB1) i
Axially split HSM HI design (BB3) O
ZM | ZMS | AN
1 and 2 stage ZLM | ZME API design (BB1)
HVN/J API design (BB2)
Radially split ‘@-
RON / RON-D API design (BB2)
SM / SM-I API design (BB3)
Axially split %
JTN API design (BB3)
Multi-stage
i i y A
Radially split GP API design (BB4) —
single casing
Radially split . @_
ST G A LINE API design (BB5)




VERTICAL PUMPS

DESIGN
CATEGORY RP MODEL STANDARD
VTP HI & API 610 (VS1)
VCT HI & API 610 (VS1)
Diffuser
HQ HI & API 610 (VS1)
VLT HI & API 610 (VS1)
Single I
casing Volute DSV /DX HI & API 610 (VS2) L
Discharge through
column — Axial flow VAF HI & AP1 610 (VS3) i
Separate discharge line VSP / VSP-Chem HI & API 610 (VS4) %
Diffuser VLT / VMT HI & API 610 (VS6)
Double
casing
Volute DSV /DX HI & API 610 (VS7)
SMF HI design (OH8A) !
Submersible pumps
VLT-Sub / VTP-Sub HI design (VSO0) F



SPECIAL SERVICE PUMPS

DESIGN
STANDARD

CATEGORY RP MODEL

Pitot tube pumps COMBITUBE HI design %
Reciprocating pumps RDP gg %‘;10 m
Vertical turbine VTG HI design (VS6) .H.

generator
-
Barge LS BARGE HI design I
ZNZ HI design @]
Floating dock pumps .
LvZ HI design ﬁi"
SVNV -
Cryogenic pumps VTG Cryogenic -

VLT Cryogenic
VLTV

Fire systems incorporate pumps,
drivers, control systems and

_ . pipework in a single container. NFPA-20-850
SHIE-PEE EEEUITE They can be skid mounted, with UL and FM approved
pump systems or without enclosure and components

supplied with electric motor or
diesel engine.
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