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How Pumps are Put Together
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THELCO CUTAWAY DRAWING OF WORTHINGTON® PUMP MODEL D-1011 FRAME 2, 3, 4, AND 5 COOLING CAP SERIES ANSI PUMPS Thelco Corporation  Englewood, CO. USA
MECHANICAL SEAL TYPE, SIZES; 2X1X10, 3X1-1/2X8, 3X1-1/2X10, 3X1-1/2X13, 3X2X8, 3X2X10, 3X2X13, 4X3X8, 4X3X10, 4X3X13, www.thelco.com
6X4X8, 6X4X10, 6X4X11, 6X4X13, 8X6X11, 8X6X13, 8X6X15, 10X8X13, 10X8X15
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Note; Cut Shaft with Sleeve Version Shown.

Solid Shaft Version is Dimensionally E,Z‘T‘{“ODN“EO%NAEQOVS
Similar to Cut Shaft Including Sleeve.
Frm-1A Available in Cut Version Only.
*** These Two Parts are not Included
with the Solid Shaft Version.
* ltems contained in liquid end gasket kit.
** [tems contained in frame end gasket kit
WORTHINGTON® is a registered trademark of Ingersoll-Dresser Pump Company Nov 2008
REFERENCE NUMBERS Thelco is not affiliated with WORTHINGTON® or Ingersoll-Dresser Pump Compary
1 CASING 22C PIPE PLUG 49 LIP SEAL, THRUST BEARING ** 73L O-RING, COOLING CAP (OUTER)
2 IMPELLER 24 NUT, IMPELLER 53 FOOT, CASING 73M O-RING, COOLING CAP (INNER)
6 SHAFT (Shown Cut for a Sleeve) 24A LOCK WASHER, IMPELLER * 563A ADAPTER SUPPORT, INBOARD 73N PIPE PLUG, CASING
7 RING, CASING (OPTIONAL) 27 RING, ADAPTER COVER 53B ADAPTER SUPPORT 77 CONSTANT LEVEL OILER
1 STUFF BOX COVER 28 GASKET, IMPELLER NUT * 60 FLINGER, OIL T7A NIPPLE, OILER
11B COOLING CAP 30 GASKET, IMPELLER LOCK WSHR * 60A COLLAR, OIL FLINGER 77B PIPE PLUG, GREASE LUBE PUMPS
14 SLEEVE, SHAFT *** 32 KEY, IMPELLER 65 SEAT, MECHANICAL SEAL 80 ROTOR, MECHANICAL SEAL
16 LINE BEARING 35 COVER, LINE BEARING 71 ADAPTER 83 STUD, MECH SEAL GLAND
17A GLAND, MECHANICAL SEAL 37 COVER, THRUST BEARING 71B CAP SCREW, ADAPTER 91B PIPE PLUG, STUFFING BOX
17B GASKET, GLAND 38 GASKET, SLEEVE (OUTER) * 71C CAP SCREW, ADAPTER FOOT 91L PIPE PLUG, OIL LUBE PUMPS
17D NUT, GLAND STUD 38B GASKET, SLEEVE (INNER) * *** 71F CAP SCREW, CASING FOOT 91L GREASE FTG, GREASE LUBE PUMPS
18 THRUST BEARING 40 DEFLECTOR 73 GASKET, CASING * 108 PIPE PLUG, DRAIN
19 BEARING HOUSING 45 VENT CAP 73D SEAL RING, THRUST BRG COVER ** 153 CAP SCREW, BEARING COVER
22 LOCK NUT, BEARING 46 KEY, COUPLING 73G GASKET, LINE BEARING COVER ** 153N CAP SCREW, CASING
22A WASHER, BRG LOCK NUT ** 47 LIP SEAL, LINE BEARING **
Dimnmap Bacicre A OprRpATING THIEFARD 1
I UNVIF DASITOO AND UrCRATIING TTTEUNT I




http://thelco.com/index.html; Public Domain, Used with Permission

THELGO CUTAWAY DRAWING OF WORTHINGTON® PUMP MODEL D-1011 FRAME 2, 3, 4, AND 5 COOLING CAP SERIES ANS| PUMPS
PACKED BOX TYPE, SIZES; 2X1X10, 3X1-1/2X8, 3X1-1/2X10, 3X1-1/2X13, 3X2X8, 3X2X10, 3X2X13, 4X3X8, 4X3X10, 4X3X13
6X4X8, 6X4X10, 6X4X11, 6X4X13, 8X6X11, 8X6X13, BXEX15, 10X8X13, 10X8X15
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Thelco Corporation  Englewood, CO. USA
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Note; Cut Shaft with Sleeve Version Shown.
Solid Shaft Version is Dimensionally
Similar to Cut Shaft Including Sleeve.
Frm-1A Available in Cut Version Only.
*** These Two Parts are not Included
with the Solid Shaft Version.

* ltems contained in liquid end gasket kit.

: OFTIOMAL

STANDARD ON Dl
QFTIONAL ON ALLOYS

Nov 2008

** ltems contained in frame end gasket kit @ @ 35 He
WORTHINGTON® is a reqistered trademark of Ingersoll-Dresser Pump Compan
REFERENCE NUMBERS Thelco is nmaﬁll\atedvullthORTH\NGTON@ ur\gngersol\rDresserPu?np Cupmp:ny
1 CASING 22C PIPE PLUG 46 KEY, COUPLING
2 IMPELLER 24 NUT, IMPELLER 47 LIP SEAL, LINE BEARING **
6 SHAFT (Shown Cut for a Sleeve) 24A LOCK WASHER, IMPELLER * 49 LIP SEAL, THRUST BEARING **
7 RING, CASING (OPTIONAL) 27 RING, ADAPTER COVER 53 FOQT, CASING
i STUFF BOX COVER 28 GASKET, IMPELLER NUT * 53A ADAPTER SUPPCRT, INBOARD
1B COOLING CAP 29 SEAL CAGE SET 53B ADAPTER SUPPORT
13 PACKING SET 30 GSKT, IMPELLER LOCK WSHR * 60 FLINGER, OIL
14 SLEEVE, SHAFT *** 32 KEY, IMPELLER 60A COLLAR, OIL FLINGER
16 LINE BEARING 35 COVER, LINE BEARING 7 ADAPTER
17 GLAND, PACKING 37 COVER, THRUST BEARING 71B CAP SCREW, ADAPTER
17D NUT, GLAND STUD 38 GASKET, SLEEVE (OUTER) * 71C CAP SCREW, ADAPTER FOOT
18 THRUST BEARING 38B GASKET, SLEEVE (INNER) * *** 71F CAP SCREW, CASING FOOT
19 BEARING HOUSING 40 DEFLECTOR 73 GASKET, CASING *
22 LOCK NUT, BEARING 45 VENT CAP 73D SEAL RING, THRUST BRG COVER **

22A WASHER, BRG LOCK NUT **

73G
73L
73M
73N
77

77A
77B

91B
91L
91L
108
153
153N

GSKT, LINE BEARING COVER **
Q-RING, COOLING CAP (OUTER)
O-RING, COOLING CAP (INNER)
PIPE PLUG, CASING

CONSTANT LEVEL QILER

NIPPLE, OILER

PIPE PLUG, GREASE LUBE PUMPS
STUD, PACKING GLAND

PIPE PLUG, STUFF BOX

PIPE PLUG, OIL LUBE PUMPS
GREASE FTG, GREASE LUBE PUMPS
PIPE PLUG, DRAIN

CAP SCREW, BEARING COVER
CAP SCREW, CASING

D D VY e
FUMFP DASICS AND UPERATING THEORY

18



http://thelco.com/index.html; Public Domain, Used with Permission

THELCO CUTAWAY DRAWING OF WORTHINGTON®
SPLIT CASE PUMP MODEL LR .

PUMP SIZES;
3LR-9

3LR-12
4LR-10
4LR-11
4LR-12 faz
4LR-14 @
5LR-10
5LR-13
5LR-15
BLR-10
6LR-13
6LR-16
6LR-18
8LR-12

Thelco Corporation Englewood, CO. USA
www.thelco.com

Typical LR
Casing Gasket

SV

8LR-13

8LR-14

8LR-20 =)
10LR-14 2
10LR-15 w
10LR-16

For 10LR-17, 10LR-18
Referto Drawing LR-17-18 % //

21 24 54

4LR-11, 4LR-14
5LR-13

REFERENCE NUMBERS

Dowiel bushing shown
out of positon for clarity
(Refer to the LR-Lube o)

73 153,

An Optional Impeller/Casing
Double Ring Repair Set Available.

Mechanical Seal
Version

A EIGN DF SERVICE

@ Any reproduction must include
this copyrght natice

WORTHINGTON® is a registered trademark of Ingersoll-Dresser Pump Company.
Thelco is not affiliated with VWWORTHINGTON® or Ingersoll-Dresser Pump Company

1A Casing Upper Half 15
1B Casing Lower Half 15M
2 Shaft 19
3 Casing Ring 20
4 Impeller 21
6 Thrust Bearing 22
8 Line Bearing 24
9 Packing 25
10 Shaft Sleeve 28
11 Stuffing Box Bushing * 36
13 Seal Cage 368
14 Shaft Nut 49

Gland, Packing

Gland, Mech Seal
Bearing Cover
Mechanical Seal Collar
Thrust/Line Brg Bracket
Deflector

Bearing Lock Nut
Bearing Spacer
Bearing Lock Nut Washer
Impeller Key

Coupling Key

Flush Tube, Optional

1/2 inch Pipe Plug
1/4 inch Pipe Plug

106A
133

Stationary Seat Mech Seal
Bearing Shim

O-Ring, Shaft Sleeve 1583 Bearing Bracket Screws
O-Ring, Gland M. S. 153A Bearing Cover Cap Screws
Set Screw, Casing Ring 153B Cap Screw, M. S. Gland
Set Screw, Collar M. S. 153N Casing Split Cap Screws
Gland Stud 154 Dowel Bushing Screws
Gland Nut 185 Dowel Bushings

Grease Fitting 1/8 NPT 185A  Rodll Pin

Casing Gasket 193 Dust Cover

Bearing Cover Gasket 367 Compression Fitting

Rotating Element Mech Seal * Packed Box Only

D D Y T
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How Pumps Use Energy

Flow x Head /46 kw
3,960 X 77pymy X Mytotor X Morive hp
Where :
kW =Power into the motor andits drive system

kW =

Flow =Flow rate in gallons per minute
Head =Pump head in feet water column
3,960 = A units conversion constant
Mpump = Pump efficiency

Muoter = Motor efficiency

Momve = Drive efficiency

746 kw
hp

=kW to hp conversion constant

PuMP POWER AND ENERGY CALCULATIONS




Pump Efficiency ...

Flow and pressure to the load

Drive losses

Mechanical
losses / Power into the

Leakage driver
losses -

<

d
Hydraulic

losses
Power into the pump

Pump drawing courtesy of Bell and Gossett

PumpP BAsICS AND OPERATING THEORY




Drive System Losses

Energy conversion

« Electric motor efficiency
« Turbine efficiency
Bearings

Cooling fans

Aerodynamic effects
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Pump Mechanical Losses

Can be minimized but not
eliminated

« Bearing friction

« Packing drag

« Drag of water on the
spinning impeller

Don’t vary much with the

rate of discharge

PuMP BASICS AND OPERATING THEORY
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AND 5 COOLING CAP SERIES ANSI PUMPS Thelco Corporation  Englewood, CO. USA
X2X10, 3X2X13, 4X3X8, 4X3X10, 4X3X13, www.thelco.com

n
e a r I I I S STANDARD ON Dl
OFTIONAL ONALLOYS
‘ CENTERL\NE‘D\SCHARGE |

(Mg @) (78 (e \\b\‘\\«\&___ ‘ T
|

@ 14) | 80) | (o1B) (50 |
NG

% LoRRORATION

(o
[o=]

A iGN OF SERVIGE

© Any reproduction rmust include
this copyright notice.

AL

OFTIONAL

i

Note; Cut Shaft with Sleeve Version Shown.

Solid Shaft Version is Dimensionally E,Z‘T‘{“ODN“EO%NAEQOVS
Similar to Cut Shaft Including Sleeve.
Frm-1A Available in Cut Version Only.
*** These Two Parts are not Included
with the Solid Shaft Version.
* ltems contained in liquid end gasket kit.
** [tems contained in frame end gasket kit
WORTHINGTON® is a registered trademark of Ingersoll-Dresser Pump Company Nov 2008
REFERENCE NUMBERS Thelco is not affiliated with WORTHINGTON® or Ingersoll-Dresser Pump Compary
1 CASING 22C PIPE PLUG 49 LIP SEAL, THRUST BEARING ** 73L O-RING, COOLING CAP (OUTER)
2 IMPELLER 24 NUT, IMPELLER 53 FOOT, CASING 73M O-RING, COOLING CAP (INNER)
6 SHAFT (Shown Cut for a Sleeve) 24A LOCK WASHER, IMPELLER * 563A ADAPTER SUPPORT, INBOARD 73N PIPE PLUG, CASING
7 RING, CASING (OPTIONAL) 27 RING, ADAPTER COVER 53B ADAPTER SUPPORT 77 CONSTANT LEVEL OILER
1 STUFF BOX COVER 28 GASKET, IMPELLER NUT * 60 FLINGER, OIL T7A NIPPLE, OILER
11B COOLING CAP 30 GASKET, IMPELLER LOCK WSHR * 60A COLLAR, OIL FLINGER 77B PIPE PLUG, GREASE LUBE PUMPS
14 SLEEVE, SHAFT *** 32 KEY, IMPELLER 65 SEAT, MECHANICAL SEAL 80 ROTOR, MECHANICAL SEAL
16 LINE BEARING 35 COVER, LINE BEARING 71 ADAPTER 83 STUD, MECH SEAL GLAND
17A GLAND, MECHANICAL SEAL 37 COVER, THRUST BEARING 71B CAP SCREW, ADAPTER 91B PIPE PLUG, STUFFING BOX
17B GASKET, GLAND 38 GASKET, SLEEVE (OUTER) * 71C CAP SCREW, ADAPTER FOOT 91L PIPE PLUG, OIL LUBE PUMPS
17D NUT, GLAND STUD 38B GASKET, SLEEVE (INNER) * *** 71F CAP SCREW, CASING FOOT 91L GREASE FTG, GREASE LUBE PUMPS
18 THRUST BEARING 40 DEFLECTOR 73 GASKET, CASING * 108 PIPE PLUG, DRAIN
19 BEARING HOUSING 45 VENT CAP 73D SEAL RING, THRUST BRG COVER ** 153 CAP SCREW, BEARING COVER
22 LOCK NUT, BEARING 46 KEY, COUPLING 73G GASKET, LINE BEARING COVER ** 153N CAP SCREW, CASING
22A WASHER, BRG LOCK NUT ** 47 LIP SEAL, LINE BEARING **
DPDiipap Bacire A OprRpATING THEARY 2
I UV DASTOO AND UrCRATIING TTTEUNT Z




Wear Rings — An O&M Consideration with
Performance Implications

Different pump designs = Different leakage paths =
Different wear ring designs

* Recessed vs. non-recessed

« Standard vs. optional

* Optional vs. none

Wear = increasing clearance

Increasing clearance = decreasing performance
Replaceable = renewable

Dead head test documents condition

PuMP BASICS AND OPERATING THEORY
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Figure 1.78B — Estimated efficiency decrease due to increased wear ring clearance (US Units)




What's Specific Speed?

Number used by pump designers to compare pumps

The speed In revolutions per minute at which a

geometrically similar impeller would operate if it were of
such a size as to deliver one gallon per minute against
one foot head.

PuMP BASICS AND OPERATING THEORY




What's Specific Speed?

Number used by pump designers to compare pumps

v MR
s H3/4

Where :
N =Pump speedin revolutions per minute

Q =Capacity in gallons per minute at the best efficiency point
H = Total head per stage at the best efficiency point

PumpP BAsICS AND OPERATING THEORY




Specific Speed and HVAC Applications

Specific Speed at Different Motor Speeds

Tends to increase as flow increases

PumpP BAsICS AND OPERATING THEORY




Specific Speed and HVAC Applications

Specific Speed at Different Motor Speeds

Tends to increase as motor speed increases

PumpP BAsICS AND OPERATING THEORY




Specific Speed and HVAC Applications

Specific Speed at Different Motor Speeds

Tends to increase as head decreases

PumpP BAsICS AND OPERATING THEORY




What's Specific Speed?

Low specific speed

rwnwﬂtf:

[~ o ¢ ¢ ¢ ¢ o ¢
c': [=3 ¢ : € < c c

:': : - - : Qo

- ; W M~ & o

Rdll\v nc\re Fr nu’V ed Flov ow Area Rotatic

D,

High specific speed 5,
Head primarily from axial
force

Small impeller diameters
High flow, low head

PumpP BAsICS AND OPERATING THEORY
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Figure 1.78B — Estimated efficiency decrease due to increased wear ring clearance (US Units)

Source — Hydraulic Institute
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Operating
Experience (On-
going Cx)

Source - Bell and Gossett

Electronic Catalog
: . : Star'~' & ar d Cx
Desig.” £.-r 2'ence ‘ .
9: : E xperi .nce

R -

Specify “optional” wear rings!
. and verify the requirement in review cycles
Perform a shut off test to document minimum wear condition ...
. and repeat the test as a preventive maintenance procedure

PumpP BASICS AND OPERATING THEORY




Hydraulic losses

Associated with accelerating the
pumped fluid into the eye of the
impeller and then decelerating it
into the volute

« Complex velocity conversions

* Optimized for a particular flow
rate

« |Impacts bearing and shaft loads
Churn

« Eddies in the volute

* Low flow phenomenon

PuMP BASICS AND OPERATING THEORY




Hydraulic losses

Water entering the impeller
experiences:

PuMP BASICS AND OPERATING THEORY




Hydraulic losses

Water entering the impeller
experiences:

Upon exiting the impeller:

PuMP BASICS AND OPERATING THEORY




Hydraulic losses

Water entering the impeller
experiences:

Upon exiting the impeller:

* Increasing volume/mass as the
water flows towards the outlet
of the volute puts non-uniform
loads on the shaft and bearings

PumpP BASICS AND OPERATING THEORY




