
“An old error is always more An old error is always more An old error is always more An old error is always more popular than a new truth.”

1 Pump companies always ship as promised.  

2 API and customer specifications require no interpretation.  

3 Customer modifications to API 610 apply to all pumps regardless of size or application.

4 Pump companies quotes take no exceptions to data sheets and specifications.

5 The capacity shown on the pump data sheet is where the pump will operate.

6 Witness testing assures the customer of a “better” pump.

7 A bigger thrust bearing is better than a small one.

8 Bearing selection is based on pump generated loads.  

9 Bearings come clean from the manufacturer.

10.0 After oil mist, ring oil lubrication is the best.
10.1 10.2 10.2.1 10.3 10.4 10.5

11.0 Low Ss (suction specific speed) pumps are always a better selection.
11.1

12.0 Ss (suction specific speed) and Ns (pump specific speed) can be looked at independently.
12.1

13 Pump operating range is not affected by Ns.

14 Impeller trim is not affected by Ns.

15.0 Pumps with the same L/D ratio will have similar deflection.
15.1

16 Partially grouted base plates are as good as completely filled base plates.

17 Pre-grouting a base is more expensive than field grouting. 

18 Chrome steel is a better material for hot pumps than carbon steel.

19 Vibration at 44% of running speed is oil-whirl.

20

21 Only “Sundyne” can provide low flow pumps.  (CPC can only design down to Ns130.)

“How far you go in life is not as important as how you get there.”

The RPM of slurry pumps does not matter, since the impeller peripheral velocity is based on the 

required dynamic head.





#10.1 
 
Sultzer….. 
 
Bearing Type 
 
From the initial tests on the between bearing pump test rig, it was found that the oil 
samples from the DE (radial) bearing with the deep groove ball were considerably better 
than the samples from the NDE (thrust) bearing with the matched angular contact 
bearings.  It was concluded that matched bearings were much more susceptible to this 
form of oil degradation/contamination, due to the geometric and functional factors 
inherent in a paired bearing design.  These factors were: 
 

• Less control over bearing internal clearance. 
 

• Thrust loading that created unloaded conditions for one of the bearings, causing 
ball skidding. 

 

• Higher oil operating temperatures reducing the oil viscosity and oil film thickness 
at point of ball contact. 

 
While it was found that matched bearings were a factor in black oil formation, it was not 
possible to alter the basic bearing type due to customer expectation and requirements 
of API 610.  Instead, other bearing parameters such as bearing fit were optimized 
instead to compensate for the design limitations of this type of bearing. 
 
Bearing Fit 
 
Subsequent testing showed that two bearing fit factors affected “black oil” formation: 
 

• Level bearing preload—Testing showed that with a higher level of bearing 
preload, the lower the occurrence of “black oil” formation.  This is believed to be 
due to preloaded bearings having a lower probability of skidding.  The 
disadvantage to using preloaded bearings is that they have the tendency to run 
hotter than comparable clearance bearings. 

• Bearing assembly techniques—Bearing tests were made using improved 
assembly techniques.  With this process, great care is taken to ensure that the 
internal clearance within the matched angular contact bearing is achieved.  The 
testing showed that good results could be obtained using correctly assembled 
medium clearance angular contact bearings. 

 
In order to assemble the bearings correctly, the bearings were heated uniformly in an 
oven, mounted to the shaft, and allowed to cool to room temperature.  The shaft nut 
was then used to tighten the bearings together until the two bearing outer races could 
be counter rotated by hand against each other with reasonable resistance. 
 
This guaranteed that the bearings had the desired internal clearance.  Other assembly 
methods such as torquing the shaft nut rely on estimated variables such as friction 
factor and level of shaft to bearing fit.  These variables can vary by 50 percent or more 
between geometrically identical arrangements. 





#10.2 
 
Sultzer….. 
 
Oil Viscosity and Additives 
 
Oil viscosity was identified as a factor important in black oil formation.  This is because 
oil viscosity affects the oil film thickness at the ball/raceway/cage interface.  Under 
conditions of ball skidding and less than ideal conditions, this oil film acts as a barrier 
separating the components from metal-to-metal contact.  Thus, in general terms, the 
thicker the oil film is, the better its separation potential.  The purpose of the testing was 
to determine the significance of an increase in oil film thickness on black oil formation. 
 
Oil additives were evaluated to determine whether antiwear additives had any effect on 
the level of black oil.  Most of these additives work by cushioning metal-to-metal contact 
under conditions of poor lubrication.  The purpose of the testing was to determine if this 
cushioning effect was important in the reduction of black oil formation. 
 
The standard oil used by the author’s company for many years was turbine oil with a 
VG32 viscosity.  To evaluate whether alternative oil viscosity and composition could 
help reduce the level of “black oil,” testing was performed using VG46 and VG68 turbine 
oils (from the same manufacturer) and antiwear VG32, VG46, and VG68 oils. 
 
Generally the more viscous the oil, the better the oil color for a given length of test.  The 
change from VG32 to VG46 oil seems to give the greatest improvement.  Increasing the 
oil viscosity to VG68 did not seem to improve the oil color additionally. 
 
With the more viscous oils, the temperature rise of the oil sump increased.  The 
increase compared with VG32 oil was 0 to 5°F for VG46 oil, and 3 to 15°F for VG68 oil. 
 
Cleanliness Related Issues 
 
Cleanliness of the lubricating oil is of great concern.  If the oil or the system into which it 
is placed is contaminated, the contamination will be circulated through the rolling 
element bearings.  These bearings are easily damaged by the passage of particles 
through them or by corrosion on contact with water in the oil. 
 
Particles passing through a rolling element bearing can cause accelerated wear within 
the bearing by bridging the oil film between moving surfaces.  The resultant contact 
between the metal of the bearing and the particle can cause wear particles from the 
bearing to be added to the oil, thus accelerating the oil’s degradation. 
 
The presence of water in the oil can allow the rolling element bearing surfaces to 
corrode.  These corroded surfaces have an undesirable surface finish that prevents the 
formation of the normal elasto-hydrodynamic lubrication.  Metal-to-metal contact and 
wear particle formation is a consequence of this. 
 
Two issues were identified in the matrix as possible contributors to “black oil.”  These 
were: 
 

• Housing cleanliness after manufacture 

• Contamination during operation 



#10.3 – After oil mist, ring oil lubrication is the best. 
 
Heinz Bloch… 
 
By way of overview, we note that one of the oldest and simplest methods of oil 
lubrication consists of an oil bath through which the rolling elements will pass during a 
portion of each revolution.  However, this “plowing through the oil” may cause the 
lubricant to heat up significantly and should be avoided on the great majority of process 
pumps.  Where cooling is required in high speed and heavily loaded bearings, oil mist, 
oil jets and circulating systems should be considered.  If necessary and with circulating 
systems, the oil can be passed through a heat exchanger before returning to the 
bearing. 
 
It should be noted that bearing overheating might occur on many pumps operating at 
3,000 or 3,600 rpm unless the oil level is lowered so as to preclude this plowing effect.  
In those instances, the oil level must be reduced to below a horizontal line tangent to 
the lower-most periphery of a rolling element at the 6-o’clock location of the bearing.  It 
may then become necessary to use either oil rings or shaft-mounted flinger discs. 
 
However, caution is advised with oil rings, since these have clear shortcomings that 
disqualify them for use in high reliability pump application.  Oil rings are sensitive to 
dimensional concentricity, shaft orientation, shaft speed, depth of immersion, and oil 
viscosity.  They tend to skip or hang up unless these five variables are in perfect 
balance.  Skipping action inevitably results in wear.  The wear debris contaminates the 
lubricant and is largely responsible for driving down bearing reliability and bearing life.  
Clearly then, flinger discs, jet-oil spray application, oil mist and circulating systems are 
given preference over oil rings by reliability-focused pump user companies. 
 
Oil Bath Lubrication 
 
A simple oil bath method, shown earlier in Figure 9-10, is satisfactory for low speeds 
and loads.  As a very general rule, most bearings in pumps operating at less than 1,800 
rpm are suitable for oil bath lubrication.  On these pumps, the static oil level should be 
at the midpoint of the lowest ball or roller.  A greater amount of oil can cause churning 
which results in abnormally high operating temperatures.  Systems of this type generally 
employ sight gages to facilitate inspection of the oil level. 
 
It is important to not that although the oil bath will contact the bearing, either an oil ring 
or a flinger disc may have to be employed to prevent oil stratification.  Oil stratification 
means that after passing through the bearing, a layer of hot oil would tend to float on the 
bulk of somewhat cooler and denser lubricant at the bottom of the sump. 
 
Conventional Wisdom:  Oil slingers or flingers are not needed with oil bath lubrication. 
 
Fact:   Quiescent static pumps allow a hot layer of oil to float near the top.  Flingers or 
similar means of agitation devices are needed to maintain uniform oil temperatures.  
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#11.0

NPSHR /SS: End Suction

In-line
Top Suction

     impeller for all 3

     configurations, why

     such a difference
     in NPSHR?

B) By today's selection

     criteria, using the

     top suction pump

     would come out

     best ….Really?

Q:\Sales\Sales Manual\Tech Sales\TS-104

b)  Reduced efficiency (more power)

c)  Higher vibration (more maintenance)

36ft /   7,350 A) Using the same

Questions:

To overcome these abnormalities, CPC has designed a line of top suction pumps (OH2 and

BB2) that does not compromise on hydraulic and mechanical performance. This non-

compromised design, however, requires some extra floor space in the OH2 design.

API TOP SUCTION PUMPS

TECHNICAL SALES TS-104

Sep-05

To simplify piping and/or to save floor space, it is sometimes necessary for OH2 pumps to be

built with top suctions.

Because of casting difficulties and cost, suction passages on top suction pumps are sometimes

compromised during the hydraulic design.  Impaired performance is generally evident by:

a)  Increased NPSHR for top suction pump (using the same impeller) vs. the end suction

     model (Note 1)

TORONTO, CANADA  PH. 905 564 9202  FX. 905 564 7844

To keep control of the pumpage in the suction line, the case suction passage mimics a long

radius reducing elbow. The “ELL” incorporates a long splitter vane to assure that liquid enters

the impeller evenly. In addition to the splitter vane, a “pre-rotation” guide reducing pre-rotation

is included.

Suction and discharge flanges are joined by a heavy bridge which allows pipe strains to be

jointly shared between both nozzles.

28ft /   8,600

18ft / 11,000

Note 1 – Example of NPSHR on a 10 x 12 pump at 1800 RPM with BEP of 4,750 GPM:

TOP SUCTION TYPE OH2 PUMP

CPC DESIGN COMPROMISED DESIGN





#12.0 - Ss (suction specific speed) and Ns (pump specific speed) can be looked at independently. 

 
 
 
As specified in API, Ss is calculated at BEP with maximum impeller. 

 

This is o.k. with H.C. (multi compound liquid), but not with water (a single compound liquid). 

 

As a matter of interest…. 

The lower the specific gravity, the more this compromise becomes reality. 

 

You may have noticed that on ANSI pumps you see a series of vertical lines (which is correct) 

because NPSHR and Ss change with impeller trim (higher Ns). 

 

Yes, NPSHR does change with impeller trim. 

 

This increase in NPSHR is more pronounced the higher the pump Ns is and with impeller trim. 
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#13 – Pump operating range is not affected by Ns. 

 

 

Here is a “quick guideline” I use during preliminary pump selection: 

 

Calculate Nx ( √Q x RPM ) for the pump rated condition 
    H¾ 

 

 

 

Change RPM until Ns is: 

 

• Below 1800…best performing pump, (maximum Ss = 11,000) 

 

• Between 1800 to 2400…reduce operating range, (maximum Ss = 9,000) 

 

• Above 2400…try double suction design, (maximum Ss = 7,000) 
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SHAFT DEFLECTION FOR OVERHUNG PUMP TYPES

TYPE: HR DIMENSIONS

GROUP: C35 STD TRIAL

dA 3.905 3.905

dB 3.5 3.5

dC 3.5 3.5

dL 4.875 4.875

a 14.5 15

b 10.875 10.875

c 10.875 10.875

d 4.785 5.25

L 10.19 12.5

L
3
/D

4
20.3 22.5

E= 27,000,000

IA= 11.414 11.414 CALCULATING "W"

IB= 7.366 7.366 W=D2 x B2 x h x SG x 0.443 x K  + IMPELLER WEIGHT

IC= 7.366 7.366 D2 = 20.5 in

IL= 27.725 27.725 B2 = 1.875 in

h = 400 ft

SKF THRUST BEARING: 7317 BECBJ C DYNAMIC: 56,404 SG = 1.06

SKF RADIAL BEARING: NU2220EC C DYNAMIC: 75,506 K = 0.15

STD TRIAL IMP. WEIGHT = 300 lbs 'W' OVERRIDE

AXIAL THRUST: 100 251 W= 1,383 lbs

RADIAL LOAD "W": 1,383 1383
SPEED (n) = 1800 1800 Max Def at Seal Face (inches)

R1= (W x a) / L = 1,968 1660 STD TRIAL TRIAL/STD

R2 = R1 + W = 3351 3,351 0.0021 0.0022 1.03

THRUST BEARING L10 (hrs) 0.051 0.151 Max Def at Impeller Center (inches)

P = Fr + .55Fa = 2,023 1,798 STD TRIAL TRIAL/STD

L10 = 10
6
/(60 x n) x (C/P)

3 
= 200,717 285,944 0.0069 0.0078 1.13

RADIAL BEARING L10 (hrs)

P = FR = 3,351 3,351 First Dry Critical Speed

L10 = 10
6
/(60 x n) x (C/P)

10/3 
= 299,210 299,210 STD TRIAL TRIAL/STD

4835 4550 0.94

Hydraulic Institute "K" factors

#15.0
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