VERTICAL TURBINE PUMPS
SINGLE STAGE PERFORMANCE
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CAPACITY (U.S. GPM)
EFFICIENCY CORRECTIONS,,, DIMENSIONS TECHNICAL DATA
: (Inches)
NUMBER OF EFFICIENCY 6" COLUMN DATA VALUE
STAGES CHANGE | MAXIMUM OPERATING SPEED 3000 RPM
1 -3.0 POINTS { MAXIMUM NUMBER OF STAGES 18%*
2 -2.0 POINTS - PUMP SHAFT DIAMETER 1%s IN.
3 -1.0 POINTS b i IMPELLER EYE AREA 11.19 SQ. IN.
4 NO CHANGE MAXIMUM SPHERE SIZE 68 IN.
5 NO CHANGE 6.00 K: (THRUST FACTOR) 3.80 LBS./FT.
6 OR MORE NO CHANGE ’ Ka (ROTOR WT. PER STAGE) 15.75 LBS.
MINIMUM | .BOWL WT. (FIRST STAGE) 180 LBS.
BOWL EFFICIENCY WATER BOWL WT. (EACH ADD'L. STAGE) 49 LBS.
MATERIAL CHANGE [~-963D| LEVEL ALLOWABLE SHAFT STRETCH .63 IN.**
- 2 v 2
CAST IRON 2.5 POINTS 33%* WKz (FIRST STAGE) .52 LBS. FT.2
ENAMELED ] 25 Chiksine WK? (EACH ADD’L. STAGE) .50 LBS.-FT.
al. BOWL RING CLEARANCE .014/.018 IN.
IMPELLER EFFICIENCY . R e
MATERIAL CHANGE ** These are nominal values. Refer to Application and
CAST IRON 1.0 POINTS Reference Data” for information further limiting or
BRO NO CHANGE extending these values.
N C.l. NO CHANGE

*** This value is the minimum submergence required to
(1) Refer to “Application and Reference 6" COLUMN prevent vortexing-onty-—This value may need to be
Data" for head correction. *Add 8.25 for each additional stage increased to provide adequate NPSHA.
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. DEFINITIONS AND TERMINOLOGY

DATUM is the horizontal plane defined by the elevation of the bottom of the discharge head. Sometimes the centerline of the discharge is referred

to as tf:eddfatum, but then the vertical distance in feet between the centerline of discharge and the bottom of the discharge head should be
accounted for.

SETTING is the distance in feet from the column connection datum at the discharge head to the column connection at the bowl assembly.
STATIC LEVEL is the distance, in feet, between the datum and the liquid level when the pump is not operating.

PUMPING LEVEL is the distance, in feet, between the datum and the liquid level when the pump is operating.

DRAWDOWN is the difference, in feet, between the static level and the pumping level.

CAPACITY is the rate of flow, usually expressed as gallons per minute (GPM).

STATIC DISCHARGE HEAD is the vertical distance in feet the liquid must be raised above the datum.

LIFT (HEAD) BELOW DATUM is the vertical distance, in feet, between the datum and the pumping water level.

VELOCITY HEAD is the kinetic energy of the liquid in feet of head per unit weight.

HEAD ABOVE DATUM is the static discharge head plus the friction loss through the discharge line and fittings plus the velocity head.

PUMP TOTAL HEAD is equal to the lift below datum plus head above datum. This is the head for which the customer is responsible and is exclusive of
any pump losses.

COLUMN FRICTION LOSS is the friction loss, in feet of head, through the column and is dependent upon both capacity and the length and diameter of
column and shaft used. Column friction loss is determined from a COLUMN FRICTION LOSS CHART and is indicated in feet of head per hundred feet of
column and shaft. (See pages 39-42).

.)ISCHARGE HEAD FRICTION LOSS can be determined from the DISCHARGE ELBOW FRICTION LOSS CHART on pages 43-45. These losses are usually
very small and can be ignored.

BOWL TOTAL HEAD (OR LABORATORY HEAD) is the head, in feet, on the pump bowl and is equal to the pump total head plus the column friction
loss and the discharge elbow loss. (Shown as total head on performance curves)

BOWL TOTAL HEAD = PUMP TOTAL HEAD + COLUMN FRICTION LOSS + DISCHARGE ELBOW LOSS
BOWLEFFICIENCY (OR LABORATORY EFFICIENCY) is the efficiency as indicated on the bowl performance curve, including any applicable corrections.
SPECIFIC GRAVITY is a relative term which expresses the fluid's density with reference to fresh water at 39.2 degrees F. Specific gravity of water is 1.0.

SPECIFIC _ DENSITY OF FLUID PUMPED (LBS/FT3)
GRAVITY — DENSITY OF WATER (LBS/FT?)

BOWL HORSEPOWER (OR LABORATORY HORSEPOWER) is the horsepower required at the bow! shaft to deliver the required capacity against the bowl
total head and is defined by the following formula:

BOWL _ BOWL TOTAL HEAD (FEET) x CAPACITY (GPM) x SPECIFIC GRAVITY
HORSEPOWER ~ 3960 x BOWL EFFICIENCY

SHAFT LOSS is the friction loss, measured in horsepower, between the shaft and its bearings. Line shaft loss is determined from the LINE SHAFT LOSS
CHART and is indicated in horsepower per hundred feet of shafting. (See page 43).

BRAKE HORSEPOWER (OR FIELD HORSEPOWER) is the horsepower required at the top shaft and is equal to the bowl horsepower plus shaft loss.
BRAKE HORSEPOWER = BOWL HORSEPOWER + SHAFT LOSS

PUMP FIELD EFFICIENCY is the efficiency of the complete pump with all losses accounted for.

— PUMP TOTAL HEAD (FT) x CAPACITY (GPM) x SPECIFIC GRAVITY
PUMP FIELD EFFI .
it i 390 x BRAKE HORSEPOWER

FAIRBANKS MORSE PUMPS
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VISCOSITY of a liquid is a measure of the internal friction tending to resist flow. The performance of vertical turbine pumps is affected when handling

viscous liquids. The exact affect on performance when handling viscous liquids can be determined from the information published in the Fairbanks
Morse Hydraulic Handbook or in the Hydraulic Institute Engineering Data Book.

TOTAL PUMP THRUST is composed of the weight of the rotating parts in the pump bowls, the weight of the line shaft, and the hydraulic thrust of the lig-
uid being pumped. Total pump thrust equals the summation of:

K¢ x BOWL HEAD:
WHERE (K,) IS THE HYDRAULIC THRUST CONSTANT.

K x NUMBER OF STAGES;
WHERE (K,) IS ROTOR WEIGHT PER STAGE.

Kg x LENGTH OF LINE SHAFT;
WHERE (Ks) IS WEIGHT PER FOOT OF LINE SHAFT.

THRUST BEARING LOSS is the friction loss, in horsepower, developed by the total thrust load on the bearing. Bearing manufacturers estimate the loss

in angular contact bearings to be approximately 0.0075 HP per 100 RPM per 1000 Lbs. Thrust Load. It can also be determined using a THRUST BEARING
CHART, available from the Motor Manufacturer.

DRIVER EFFICIENCY is the ratio of driver output to driver input with no external thrust load and therefore must be adjusted to reflect thrust bearing loss.

DRIVER _ _ DRIVER OUTPUT (NAMEPLATE RATING)
EFFICIENCY — DRIVER INPUT + THRUST BEARING LOSS

OVERALL EFFICIENCY (WIRE TO WATER EFFICIENCY) is the efficiency of the pump and motor complete.

‘ OVERALL EFFICIENCY = PUMP FIELD EFFICIENCY x DRIVER EFFICIENCY

DRIVER INPUT HORSEPOWER is the total power required to operate the pump and motor and a measure of the amount of power that must be supplied
by the user.

INPUT HP = Output HP (Nameplate) / Driver EFF (No Load Rating)

NPSH (NET POSTIVE SUCTION HEAD) can be defined as the head, in feet, at the eye of the impeller that causes the liquid to flow. Available NPSH in
open systems is the summation of the barometric pressure plus the distance from the static liquid level to the impeller eye minus the vapor pressure of
the pumped liquid. Available NPSH in closed systems is the summation of the gage pressure, in feet, at the suction flange plus the vertical distance in
feet, to the impeller eye* minus friction losses between the gage connection and the impeller eye.

*If the suction flange is below the impeller eye, subtract this distance from the gage pressure.

For additional discussion of NPSH refer to the Fairbanks Morse Hydraulic Handbook.
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The purpose of the Application and Reference Data Section is to provide a section that, hopefully, the most inexperienced person, with careful

reading and study, can select and apply a vertical pump given a set of parameters with which to work. T
used terminology and definitions, what information is required to select and apply a pump,
for items not covered in the example, and the necessary charts and graphs which are refe

SN —

. Quantity required:
. Delivery requirement:

. Driver Type: e.g. motor, gear, belt, speed
. Type of power available

A. Electrical

1. Phase, frequency, voltage.

B. Mechanical

1. Engine type, fuel, clutch requirements, accessories, etc.
. Line shaft lubrication: (oil, product)

A. 0il

B. Product e.g. water, fuel, etc.
. Type of discharge:

A. Above ground
B. Below ground

1. Location of centerline of discharge with respect to the bottom
of the motor pedestal is required.
. Pump setting

PUMP SELECTION (GENERAL)

The following is an example of pump selection. The statement on the left is the user requirement, and immediately following in ( ) is the data
regarding the application that must be known and would normally be supplied by the user.

USER REQUIREMENTS

A. Total length of column and wall thickness

. Length of suction pipe, if any

. Design capacity in GPM

. Datum elevation in feet

. Pumping water level at design capacity in feet below datum
. Head above datum, including losses through discharge line plus velocity head
. Pump total head at design capacity

A. Lines 9 plus 10

. Operating range, if any

A. Minimum pump total head

B. Maximum pump total head

. Any other operating conditions of note

. Minimum inside diameter of well

. Maximum outside diameter of bowl

. Total depth of well or sump

. Is well straight to pump setting depth? Note: A well is considered straight if
a 20 ft. cylinder equal to the maximum diameter of the bow! will not bind

PUMP OPERATING CONDITIONS

WELL CONDITIONS

when lowered to a depth equal to the pump setting.

. Static water level below datum, in feet
. Sand in water
. Gas in water, parts per million
. Other unusual conditions

(2)
(Within 6 weeks)

(Electric motor, 1770 RPM)

(Electric)
(3/60/460V,)

(None)

(il lubrication)

( above ground)

(N/A)

(400 Ft., 0.250 wall)
(212 Feet)

(750 GPM)
(Sea level)
(400 feet)
(246)

(646)
(None)

(None)

(127)
(115/8")
(500 ft.)

(Yes)
(350 ft.)
(No)
(None)
(None)

9/1/85
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ACCESSORY REQUIREMENTS

24. Companion flange required? (Yes)
25. Discharge stub required? (Yes)
26. Strainer required? Type? Material? (Yes, Cone, Galvanized)
2]. Lubricator required? Type? (Yes, one gal., manual)
28. Automatic controls required? Type: (No)

A. Lubricator

B. Time delay

C. Floatswitch
29. Prelube water tank required? Capacity? (No)
30. Airline and gauge required? (Yes)
31. Motor accessories required?

A. Space heaters, specify voltage (No)

B. Non-reverse rachet 3 (Yes)

C. Bearing and winding temperature detectors (No)

D. Extra high thrust
E. Special insulation

(To be determined)
(No)

F Other (None)

PUMP SELECTION (SPECIFIC)

Having established the parameters for the given installation, we can now proceed to specific pump selection and evaluation. In most cases there
are four major components that must be selected and evaluated. These are: bow! assembly, column and shaft, discharge head and packing box,
and driver. A step by step approach for selection and evaluation of each follows:

BOWL ASSEMBLY b

Having established the design capacity, pump total head, speed and maximum permissible bowl outside diameter, the initial step in bowl selection
is to determine which bowls supply the required capacity. To do this, refer to the performance coverage charts in this catalog. Select the cover-
m‘art for the speed desired and note all of the bowls that can produce the desired capacity.

e: Ithas been established above that this application requires:
Capacity: 750 GPM
Pump total head: 646 feet
Speed: 1770 RPM
Maximum bowl! outside diameter: 115/s"
With this data, refer to the 1800 RPM coverage chart in this catalog and list all bowls capable of producing 750 GPM. This would include the 10XH,
1M, 1TH, 12L, 12M, 12H, and 14M. Now begin the process of elimination to find the best selection. At this point the obviously inappropriate bowls
can be eliminated for the following reasons:
A.  The bowl will not physically fit into the well casing. To determine this, refer to the bow! dimensions shown on the bowl performance curve. If
the outside diameter of the bowl is larger than the inside diameter of the well (or the maximum permissible outside diameter), eliminate the
bowl from further consideration.

Example: The 12M (12.26" 0.D.) and the 14M (14.1” 0.D.) must be eliminated.

B. The bowl pressure capability is less than the required bow! head. Since column friction loss and discharge elbow loss have not yet been
established, add 5 feet for every 100 feet of column to the pump total head to establish a tentative bowl total head. (Discharge elbow loss is
usually small and will be ignored at this point.)<

5 Feet
Example: Tentative Bowl Head = 646 Feet +|790 Feet X 400 fe%= 666 Feet

After tentative bowl head is established, eliminate all bowls that cannot meet this requirement. Refer to the BOWL PRESSURE RATING CHART on
page 2°.

Example:

BOWL  MAX PRESSURE IN FEET
10XH 661 PSI x 2.31 FT/PSI = 1527
1M 488 PSI x 2.31 FT/PSI = 1127
1MH 488 PSI x 2.31 FT/PSI = 1127
12L 415 PSI x 2.31 FT/PSI = 958
12H 456 PS1 x 2.31 FT/PSI = 1053

Since the tentative bowl head is 666 feet, all of the bowls can produce the required tentative bowl total head.

'e bowl cannot be staged to meet the required head.
t this point, you can either refer to the TECHNICAL DATA shown on the bowl performance curve to find the nominal maximum number of
stages for that bowl or, for a more precise analysis, proceed as indicated below.

9/1/85
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The MAXIMUM NUMBER OF STAGES data shown on the bowl performance curve is footnoted to indicate that the values are nominal. The reason
for this is that the limitation on staging is a function of the pressure capability of the bowl, the horsepower and thrust rating of the bow! shaft, and
the length of the bowl shaft. The nominal value shown on the performance curve is based upon what is generally considered to be the USEFUL
PORTION of the head-capacity curve. Based on the specific job a higher number of stages may be possible.

Establish the number of stages required to produce the tentative bowl total head by first referring to the bowl performance curve to determine
head per stage at design capacity. Then divide tentative bowl total head by head per stage to determine staging. Round off any fractions to the
next higher whole number.

Example:
BOWL HEAD PER STG CALCULATION NO. OF STAGES
@ 750 GPM REQUIRED

10XH 44 666/44 = 15.14 16

1M 61 666/61 = 10.92 n

11H 59 666/59 = 11.29 12

12L 835 666/83.5 = 7.98 8

12H (T9EA99A) 72 666/72 = 9.25 10

Now determine whether or not the bowl shaft will carry the estimated bowl horsepower and thrust. To do this, list for each bowl the bow! effi-
ciency, and thrust constants K¢ and K. This information can be found on the bowl performance curve. In determining bowl efficiency be sure to
account for any corrections due to staging or special materials. Staging corrections are shown on the performance curve and material correction
factors are shown on page 22 EFFICIENCY CORRECTION CHART for special materials. Calculate the estimated bowl horsepower using the follow-
ing formula:

Tentative Bowl Head (feet) x Capacity (GPM) x Specific Gravity
3960 x Bowl Efficiency

Calculate the thrust imposed on the bowl shaft by the formula: thrust = (K x Tentative Bowl Head) + (K, x Number of stages)
Example: 10XH = (8.32 x 666) + (10 x 16) = 5701 Ibs.
To determine the maximum allowable horsepower and thrust rating of the bowl shaft, refer to the BOWL SHAFT RATING CHART on pages 23-25
ample:

Estimated bowl horsepower =

BOWL  STAGES EFFICIENCY EST.HP K¢ K;  THRUST (LBS.)
10XH 16 12.5% 174 8.32 13 5701
1M n 825 153 502 22 3585
1H 12 67.0 188 &n 33 6197
12L 8 80.0 158 606 26 4244
12H 10 no 180 844 161 5782

As a result of this analysis, we find all of the bowl shafts are within the horsepower and thrust limitations.

Atthis point it may be possible to narrow the bowl selection process by comparing efficiencies and initial costs of the remaining bowls. Bowl effi-
ciencies have already been established to calculate bowl horsepower.

The cost per bowl can be obtained from the price pages. Now rank the bowls from the lowest to highest cost showing staging and efficiency.
Eliminate all bowls that are both high in cost and low in efficiency.

Example:

BOWL cosT STAGES EFFICIENCY

12L Lowest 8 80.0% 4
12H 10 70.0

1M 1 825

1H 12 67.0

10XH Highest 16 125

From this comparison, the 10XH and the 11H can be eliminated from further consideration as they have the highest cost.

If the pump setting is less than 50 feet, then relative shaft stretch (discussed later in this text) is not a factor and the remaining bowls can be ana-
lyzed to determine the best overall selection.

COLUMN SELECTION

The discharge case of the bowl assembly is sized to accommodate the capacity produced by the bowl at its best efficiency point with minimal
riction loss. Therefore, column size is normally selected as a function of the discharge case connection size.

In some cases, deep settings would cause the total column friction loss to be significant and a larger size column may be appropriate. The cost of
the larger size column and the necéssary adaptions required should be weighed against the cost savings of a smaller motor, associated electrical
equipment, and cost of power.

9/1/85
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‘mr cases, where initial cost is the mostimportant factor and pump settings are such that additional column friction losses are acceptable, a
smaller size column could be used.

When a smaller size column is desired, a column reducing bushing is required to adapt this smaller column to the bowl used. This column reduc-

ing bushing causes additional friction losses due to the sudden reduction in size. These losses are shown in the COLUMN REDUCING BUSHING
LOSS CHART on page 26.

It should be noted that a change in column size would change the relative shaft stretch and column friction losses both of which are discussed
later in this text.

Since all bowls in the preliminary selection have 8" discharge case connections, we will use 8" column.

Before proceding further, check the maximum setting allowed for the size column being used by referring to the MAXIMUM COLUMN SETTING
CHART on page 27.

In the example, we are using 400 feet of 8” standard column. Referring to the MAXIMUM COLUMN SETTING CHART, we find that 400 feet is well
below the maximum allowable setting of 950 feet, and can be used.

SHAFT SELECTION
Line shaft selection is a function of horsepower requirement, shaft stretch restrictions, and thrust requirements.

Estimated bow! horsepower and thrust have been calculated above, however since the top section of lineshaft must also carry the weight of all of
the shaft below it, total-thrust must be calculated.

In the example, we find that the horsepower requirement ranges from 153HP to 180HP and the required thrust ranges from 3585 Ibs. to 5782
Ibs. Referring to the LINESHAFT RATING CHART on pages 28-30, the 1Y;" diameter lineshaft appears to be within this range and has a Ks value
of 6.0. Now calculate the thrust due to the weight of the lineshaft by the formula:

Thrust = Ks X Setting
Example: 6.0 x 400 = 2400 Ibs.
Adding this to the bowl thrust of 5782 Ibs., it is now confirmed that the 11/2" diameter shaft will carry the horsepower (178) and the thrust (2400 Ibs.
+ 5782 Ibs. = 8182 Ibs.) imposed on it.
HAFT STRETCH
This section can be ignored if pump setting is less than 50 feet.

We are not so much concerned with the lineshaft stretch as we are with the RELATIVE STRETCH between the column, enclosing tube (when
required) and the lineshaft combination.

This relative stretch should be calculated and compared to the allowable shaft stretch of each bowl. Refer to the TECHNICAL DATA section of the
bowl performance curve to find this value.

List the bowl size, column connection size, lineshaft size selected above, allowable shaft stretch, and the stretch constant from the appropriate
chart found on pages 31 through 38 for each bowl under consideration. These charts are dependent on the shaft configuration (open or
enclosed), and column wall thickness (standard or s wall).

Example:

STRETCH CONSTANTS
BOWL COLUMN SHAFT ALLOWABLE STRETCH K K’
1M 8" Std 14" 677 5.3379 3.5401
12L 8" Std 12" 1.07" 8.1290 3.5401
12H 8" Std 14" 1.22" 14.5164 3.5401

The shaft stretch in each case can now be calculated simply by the following formula:

Stretch = L (HK + 2HK’ - LK') x S.G.
10,000,000

Where: L = Setting; H = Bowl total head; S.6. = Specific gravity

Example: 11M
Stretch = 400 ([666 x 5.3379] + [2 x 666 x 3.5401] - [400 x 3.5401]) x 1.0 = 0.27"
10,000,000
Performing this calculation for all bowls under consideration produces the following data:

, ALLOWABLE STRETCH CALCULATED STRETCH
1

.67" ZF
1.07" 35°
12H 122 5"

9/1/85
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‘ CONFIRMATION OF BOWL SELECTION
For the purpose of this example, we will assume that lowest initial cost is the final criteria for bowl selection. Therefore the 12L bowl will be used.

Actual bowl total head can now be calculated. In the initial bowl selection, column losses were not known and thus were assumed to be 5
feet for every 100 feet of column. Since the 12L bowl, 8" column and 12" shaft have been selected, the actual friction loss can now be cal-
culated.

Referring to the COLUMN FRICTION LOSS CHART on pages 39-42 it indicates that at 750 GPM an 8" column with 112" lineshaft (either open
or enclosed) loses 2.4 feet per 100 feet of column. Therefore, the actual column friction loss is:

2.4 x 400/100 = 9.6 (feet)

Note that the discharge head losses have been discounted as being insignificant (typically less than V2 foot) when the discharge head flange size
is matched to the disharae case size. This can be verified by referring to the DISCHARGE ELBOW LOSS CHART found on pages 43-45. If the dis-
charge head loss is significant, it should be included with the column losses.

Bowl total head (exclusive of material and staging corrections) can now be calculated by the formula:
Bowl total head = Pump total head + column friction loss + discharge elbow loss
Example: 646 + 9.6 = 655.6 feet

Since efficiency corrections are not required in this example for either staging or material, the actual number of stages and head per stage can
now be calculated.

To verify staging divide the actual bow total head by the maximum head per stage at the desired capacity (from the pump performance curve).
Example: 655.6/83.5 = 7.85 or 8 stages

Required head per stage would then be the actual bowl total head divided by the number of stages required.

Example: 655.6/8 = 82 feet per stage

Again, since efficiency changes for staging or materials are not required, the bow! efficiency as shown on the performance curve at the condi-
tions of 750 GPM @ 82 feet per stage total bowl head per stage is 80.3%.

. If efficiency corrections were required due to staging or materials, it would necessitate a change in the head per stage. To do this, use the follow-
ing formula:

Head correction due to material correction:

HA = HP ([EP — ECJ/EP)
EA = EP — EC

Head correcton due to staging correction:

HA = HP ([EP — .5ECJ/EP)
EA = EP — EC

Where: HA = Head after correction
HP = Performance curve head
EA = Efficiency after correction
EP = Performance curve efficiency
EC = Efficiency change
Confirmation of staging would be calculated as follows:

s

Bowil total head/actual head per stage after correction = number of stages (if greater than had been previously selected, go back through
procedure with this in mind.

DRIVER SELECTION
To make a driver selection, in this example an electric motor, both total pump thrust and brake horsepower (BHP) must be established.

Total thrust has previously been established; however, tentative bowl head was used in that calculation. Since actual total bowl head has now

been established, that calculation should be redone using the correct bowl total head, and remembering to include the weight of the lineshaft as
calculated previously.

Initial calculation of horsepower was based upon estimates of losses. Final selection can be made by calculating all pertinent losses. These
losses are shaft loss and thrust bearing loss.

FAIRBANKS MORSE PUMPS
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”oss can be found in the chart on page 43. This chart is based on enclosed lineshaft which has bearings located on 5 foot centers. It can,
however, be used for open lineshaft.

Example: 400 feet of 1'4" lineshaft at 1800 RPM
1.20HP/100 ft. x 400 ft. = 4.8 HP

Thrust bearing loss can be calculated as follows and is expressed in units of horsepower:

HP = .0075 HP x (Speed/100 RPM) x (Total pump thrust/1000 Ibs.)
Example: .0075 x (1770/100) x (6644/1000) = 0.88 HP
Brake horsepower can now be calculated as follows:

BHP = ([GPM x Total head x S.G.]/[3960 x Bowl eff.]) + Shaftloss + Thrust bearing loss
Example: v

BHP = ([750 x 655.6 x 1.0/[3960 x .803]) + 4.8 + 0.88 = 160.3 BHP

Referring to the motor manufacturer’s data in the VENDOR EQUIPMENT section it is established that a 200 HP motor will carry the load and the
thrust of 6644 Ibs. If the thrust exceeds the standard maximum thrust rating of the motor, then the motor must be ordered with an extra high thrust
option.

Pump efficiency can now be calculated by the formula:
Pump EFF ([GPM X bowl total head)/[3960 x BHP])
Example: ([750 x 655.6]/[3960 x 160.3]) = .775 = 77.5%
Estimated driver input can now be calculated.
Input HP = Output HP (nameplate)/Driver EFF (mfg. no thrust rating)
Example: Input = 200/.93 = 215
Estinated driver efficiency can now be calcuiated.
iDriver output (Nameplate HP)/(Driver Input + Thrust Brg. Loss)
Example: Eff. = 200/(215 + 0.88) = .926 = 92.6%
NOTE: The efficiency used in this calculation is an efficiency that is obtained from the motor vendor and is a nominal value only, and not guaranteed.
It should be noted that, at the customer's option, a 150 HP motor with a 1.15 service factor (172.5 useable HP) could be used.
Overall efficiency can now be calculated using the formula:

Overall Efficiency = Pump Efficiency x Driver Efficiency
Example: Overall Efficiency = 77.5% x 92.6% = 71.8%

CONFIRMATION OF LINESHAFT SELECTION
Having established the brake horsepower and total pump thrust, the lineshaft selection can be confirmed.

Using the BHP of 160.3 HP and the total pump thrust of 6644 Ibs., refer to the LINESHAFT RATING CHART on pages 28-30 to determine whether the
1'2" lineshaft is still adequate. Since the 1'” lineshaft has a maximum allowable BHP of 201 HP at 1770 RPM and at a thrust of 7500 Ibs., it is still ade-
quate for this application.

Since the setting exceeded 50 feet the shaft stretch should be rechecked using the actual bowl total head rather than the tentative bow! head
used in the original calculation. Doing this we find the stretch is equal to:
Stretch — 400 ([655.6 x 8.129] + [2 x 655.6 x 3.5401] - [400 x 3.5401] x 1.0 = 034"
10,000,000

This is still less than the maximum allowable and is still acceptable.

DISCHARGE HEAD SELECTION

Discharge head size is based upon driver size, hung weight, discharge pressure, and capacity pumped. As noted under CONFIRMATION OF BOWL
SELECTION the discharge head flange is typically matched to the bowl discharge case size unless the loss through the discharge head becomes
significant.

ractice is to size the base diameter of the head to the base diameter of the motor.

On deep setting pumps (setting exceeding 300 feet) the most significant factor in selecting the head is whether the head can carry the hung weight
load. :
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‘is value can be found in the DISCHARGE HEAD HANGING WEIGHT chart on page 27. The hung weight includes the bowl assembly, column pipe,
afting, enclosing tube, discharge head, and stuffing box.

Since the discharge case column size is 8" and the motor base diameter is 162" (found in motor vendor catalog) the nominal head size is 16'/2 x 8.
To determine the correct head to use, make the following weight calculations obtaining applicable weights from the technical data section and per-

formance curves.

Example:

8 Stg 12L Bowl Assembly 884 Ibs.
400’ of 8" Std. Wall Column 9880 Ibs.
39-8” Column Couplings 936 Ibs.
400" of 22" Enclosing Tube 3064 Ibs.
79 Connector Bearings 395 Ibs.
400’ of 1¥2" Lineshaft 2404 |bs.
40 Lineshaft Couplings 72 |bs.
16%2 x 8 “D" Discharge Head 476 Ibs.

(Including stuffing box)
18,111 Ibs.
From the DISCHARGE HEAD HANGING WEIGHT chart, find the maximum hung weight for the heads under consideration.
The maximum allowable hung weight for 0-125 PSI discharge pressure is 15000 Lbs. For the 16'2 x 8 CT head, and 26500 Lbs. for the 16"z x 8 D head.
Therefore, only the 16'2 x 8 D head is suitable for this application with respect to hanging weight.
STUFFING BOX SELECTION

The stuffing box selection is based on the type of shaft lubrication required, the shaft size used, and the discharge pressure. The styles standardly
available and most commonly used are listed below.

A. Open Lineshaft
1. Product lubricated stuffing box with conventional packing
2. Mechanical shaft seals

B. Enclosed Lineshaft.
1. Oil lubricated stuffing box

2. Water flush stuffing box
VARIATIONS

POT/CAN PUMPS

Can pumps are those pumps in which the bowl assembly is enclosed in a CAN. They may be referred to by many names but the most common ones are
CAN, POT, TANK or BARRELL pumps.

This type of pump is most often seen as booster pumps, transfer pumps, or pumps for applications where NPSHA values are low.
It is not uncommon for this type of pump to see high temperatures, high pressures, and as previously mentioned low NPSH values.

Can pumps are normally supplied with fabricated L, or T discharge heads although there are some applications where one of the cast D heads may
be used.

The following example follows the same format as the previous example of pump selection. When specific information is required it will be given. This
example will not be as detailed as the previous but when required for clarity, it will be given.

Specific information must be given such as was described in PUMP SELECTION-GENERAL. Some of the ones previously specified will be valid for can
pumps while some of it is not. Generally, pump operating conditions will include the following information:

User Requirements: Type of head, e.g. above grade (datum) suction and discharge or below grade (datum)
suction and above grade (datum) discharge
Location of below grade (datum) suction inlet
Restrictions on can size

|
|
|
Operating Conditions: Flow rate
Static suction pressure 5
Static discharge pressure |
Differential pressure (pump total head) |
Available NPSH at what point |
Pumping temperature
Specific gravity |
Elevation of installation |

‘ Liquid pumped
Well Conditions: Since this application is not going into a well, no well conditions are required. It may be noted in
this section, however, any limiting factors of the proposed new installation such as maximum
depths that would effect can length, restrictions on can diameter, location of inlet, etc.

Accessory Requirements: No additional items
FAIRBANKS MORSE PUMPS
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'is example we will consider the following to have been specified:

User Requirements: Vertical solid shaft motor, product lubricated stuffing box
with mechanical seal, and an inline, or T, discharge head.

Operating Conditions: Flow rate 750 GPM
Static suction pressure 10 Feet
Static discharge pressure 656 Feet
Differential pressure 646 Feet
Available NPSH (at datum) 5 Feet
Pumping temperature 150 Deg F
Specific Gravity 981
Elevation 2000 Feet
Liquid Pumped: Water
Bowl efficiency minimum 81%
Speed , 1770 RPM

BOWL SELECTION
Proceed as in the previous example with the following changes:

A.  Itwill notbe necessary to add column friction to the pump total head to determine bowl total head as there is essentially no column used, there-
fore the bow! total head and pump total head can be considered equal. (Again the discharge elbow losses were assumed to be small and were
neglected.)

No bowls are required to be eliminated due to maximum diameter (at this point).
When listing the bowls in order of increasing cost include the NPSHR value for each bowl. This value is found on the performance curve.

Eliminate all bowls that do not meet specified minimum bowl efficiency. In this example that requirement will eliminate all but the 11M bowl
which has an efficiency of 82.5%. Since efficiency is the primary factor it would be well to make any corrections required due to special materi-
als before proceeding further.

E. Refer to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>