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It’s all in the ‘Seal’



ROTATING EQUIPMENT

B PUMPS

B COMPRESSORS

B AGITATORS

B FANS / BLOWERS
B TURBINES

® VACUUM PUMPS
B VALVES



Type of Seals

Increasing .
Leakage ™ Stuffing
Rate B Cheapest

B | eaks Continuously for cooling
B Mechanical Seal
M More expensive
B Trace amounts of leakage for cooling
B Double Mechanical Seal
increasing ™ Sealess (Magnet Coupled, Canned)
Cost B Most Expensive




(1 )Seal Location SEAL




ROTATING EQUIPMENT

“STUFFING BOX”
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Rotating Equipment

B Packing Material




Rotating Equipment

M Valve Packing




ROTATING EQUIPMENT

B SINGLE MECHANICAL SEAL - Pusher Type

—_Pump
Housing

Seal Face

Spring
High Press
Fluid



ROTATING EQUIPMENT

B John Crane
EZ-1 Single
Mechanical
Seal

Www.johncrane.com
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ROTATING EQUIPMENT

B Single Mechanical - Bellows Mechanical Seal




ROTATING EQUIPMENT

M Bellows Mechanical Seal
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Rotating Equipment
B Double Mechanical Seal

Outboard i

Barrier
Seal Face

Fluid

Inboard
Seal Face

Inboard Seal Outboard Seal
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Rotating Equipment




Rotating Equipment

B Double Mechanica

Seal - Barrier Fluid

ENVIRONMENTAL
CONTROLS

m Simple thermal
convection system.

m Common collar back to
back double seal.

m Buffer liquid in reservoir.

Pl — PRESSURE INDICATOR
LLS — LOW LEVEL SWITCH

2

RESERVOIR

—

i DRAIN VALVE
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Rotating Equipment

B Sealless Pumps - Magnetic Drive
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Rotating Equipment

B Sealless Pumps - Canned Motor
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Rotating Equipment

W Sealless Pumps - Canned Motor Pump




Rotating Equipment

B Pumps - Air Operated
M15 METAL PUMP M4 PLASTIC

vy s




Rotating Equipment

B Rotary Gear Pump

High
VISCOSIty
fluids
(>10cP)
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Rotating Equipm
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3 Low
W & Vviscosity
| . (<10 cP)
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Rotating Equipment
W Positive Displacement - Diaphragm
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Rotating Equipment

B Agitators

The LIGHTNIN Spectrum Of Impellers

FLOW

FLOW

FLOW

Highest Flow Composile
Impelier. Qur A0 offers
vary low shaar and Righer
flaw than ary other impalie:
u can mairtain o and
ez ,_'J—n"l*

.r'l.".'l|_I 0 £ I{ ¢}
with pitched b illr |:||r INES

HI(,' Iy corresion resisiant

siruchural cornposites offler

high strength-To-weight ratios,

Thay resist achis, caustics,
chinsinated solutions, and
aifer aggressive chemicals

Alsg availzble

H@h

Highest Flow Maial Impeller.
This is the LIGHTNIN lasos-
designad impellar that
redefined high Nlow parfar-
mance tor the industry. 1t
produces only slighily less
fowdpoarer than (e ABDDO
Considered the most elficient
meatal npeter available, in
stainless, Hastelloy® alloys,
titamium and athar materials
lags coated
or rubbar coated, The sicde-
entry varsion is the A312.

1
D/ \

New Composite Impelier
Far Porlables. This impeiler
handies o broad e of

VisCos wide
vanaly of pracess condifions
High hub snghe and bads

[ énabsg (e iside

R
A Areas io

coninbutd mone ateclvely

to achigve 4 Migher rate of
eflcigncy in the transitional
and turbulent flow regimes.
Tne 8410 impallar provides
30% more MNow than conven-
tiond three- L'drlﬁu I .1 ine-

BB

-l..m?fl recleces blend fime "_.
4 rad with con
|.|L"-.1| pitchad blzde turbings,
Shear rates gre modesd 1r I

ol gas Cl'l :E
axial mertion that resu
h0% pover sav MES Over
pitches blade turmines.

Frund wars el

its in

Gas-Liquids-Solids Impeller.
LIGHTNIN'S A315 impeller
can improve mass transfer by
30% compared with Rushton
turbines at equal torque and
power, It alse decreases
shear rates up to 75% and
can reduce engrgy Costs

up o 45%. Yields have

bean improved by up 1o half
in such shear sensitive proc-
£5585 as lermentation. It is
the optimum impeller for
applications involving mass

transfer and solids suspension.

The High Shear Impeller. The
R100 radial impeller provides
the shear 10 achieve good
contacting for liquid-liquid
dispersions and emulsions, It
is also used to provide high
shear for gas dispersions.
Other LIGHTNIN impellers
offer high shear for pigment
extension, liquid-liquid
immiscible contacting, panticle
size reduction and other
process requiremants.

SHEAR SHEAR



Rotating Equipment

B Agitators




Rotating Equipment

B Agitators




Rotating Equipmen

B Agitators

uiel-unning Gears.

A habea s ane Crtuaided g
round. The highly ebcient spial
48] Qe &nd pirice are maish-
DONEES 2 90110 asSure smockh,
ek eperaton

2yond AGMA.
earngs are s5eed far beyond AGHA Triple Reduclion Gearing.

nureTests b siRimae mank AGMA service [actaris atways

anoeand prawde long service s, qreanithan 1.8

NEW DESIGN FOR 784/884 MIXERS

Available on larger units to 1250 hp.

Posikive Direct Drive. < Tapered Relier Bearings.
In | Series 700 miners, e Larpaouput tearingshande
st sides duecty inlotho oerhung shaklozds assoc-
quil ahereis galy coopixd > g Wi mooer sendca. Inkr:

Oy iy andhynag . z crengazebeanings minimize
! y your patlsiwersory.

Housings.

Rugged

Howsing conslruchked of fve
sections. Sl housingol Res-
medak and ow-spead sac-
Bons fecditates assembly and
marienacs Duttieinoncast:

to correliaigs boads. Castan
liting bags simpkly handing.



widamp Sizing For CHEE 470
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Pump Selection

Calculate

Hame

Jhsa| Rotary Fositive Displacement =

Centrifugal
:Fotary Fositve Displacement
Feciprocating

Suction Pressure (hara)



Pump Selection

B Single Stage Centrifugal Pumps for
0.057-18.9 m3/min, 152 m maximum
head

B Rotary Pumps for 0.00378-18.9 m3/min,
15,200 m maximum head,

B Reciprocating Pumps for 0.0378-37.8
m3/min, 300 km maximum head,

TPk
min min



Pump Sizing

Foarer (KW -
muction Pressure (hatg) -
Ilaterial of Constraction M

Equipment Cost - Liodule Cost -




Common Equations

Hydraulic ( fluid) Power
Hydraulic Efficiencyx Motor Efficiency

Shaft Power =

_ Hydraulic ( fluid) Power

& 50%

Hydraulic ( fluid) Power _ Volumetric Flow(USGPM ) x Differential pressure(psi)

(HP) 1714

Differential pressure(psi)= Head ( ft)x0.43352x Spec Grav



Pump Sizing

M 5 Easy Steps
B Draw a Diagram
B Determine the flow
B Determine the inlet pressure
B Determine the discharge pressure
M Calculate shaft power




Pump Sizing - Step 1

® 1.Draw A Diagram ! - based on P&ID

Destination 2
9 bar(g)

Min Flow .
Bypass Line
and orifice
plate
Il
Source Pressure l”
=1.5 bar(g) ~
Liquid Level Pump Discharge i
Pressure T
Pump )
Suction { F' v
Static Head

ZP:mp Suction

Pressure



Pump Sizing - Step 2

m 2.Determine the Flow Rate
B Take Simulation Flow add 20%

mIf there's a min flow bypass- it's flow is
15% of the rated flow

B Simul = 100 gal/min
B Rated flow = 100 gpm * 1.20
mRated flow = 120 gal/min

B If Min Flow Bypass 100 * 1.20 / (1-0.15)
mRated flow = 141 gal/min



Pump Sizing - Step 3

B 3. Determine Pump Inlet Pressure
B Use Pressure from Simulation

B Assume elevation changes offset piping pressure
drops



B ook ®dwnstream of the
in the process where the

e Discharge Pressure

oump for a place
pressure is

controlled (or P is atmosp

neric or P Is set

by vapour pressure of fluid in tank)

o
o




Pump Sizing - Step 4

B 4, Determine Discharge Pressure
B Work Backwards from Downstream Pressure
B Work your way back to pump adding/subtracting
Madd AP due to frictional loss (piping)
Badd OR subtract AP due elevation changes
Hadd AP due to control valves

madd AP due to equipment (exch, packed bed
reactors, etc.)




Pump Sizing - Step 4

B Assume (first pass) that Control Valves have
10 psi differential.

B If there's more than one control valve In
parallel go back later and determine which

one has the 10 psi and which one(s) has
more.

B Do AP of min flow bypass orifice last.



\"

Y 4
Sizing - Step 4
N mine the Control Valve DP

1 bar

0.5 bar



Pump Sizing - Step 4

B Determine the Control Valve DP
B Control Valve Sizing
BCV vs % Opening Characteristic



Pump Sizing - Step 4

B CV vs % Opening Characteristic

Product Flier PF51.1:E

Design ED, ES, and ET Flow Coefficients

MAX. CoRT DESIGNS Egoﬂuni ET (FLOW DESIGN ES (FLOW UP)
FLOW VALVE SIZE MUM DIA. Valve Opening, Percent of Total Travel
CHARAC- TRAVEL :
TERISTIC 10 | 30 | 70 | 100 | 100 | 10 | 30 | 70 | 100 | 100
DIN Inches mm mm C, F, c, F,
- 1o 19 33.3 e | - | - | - | 400 | 622 | 652 | 653 | as
a4 19 33.3 e | e | e | e | o= | 494 | 118 | 142 | 142 | 83
DN25 |, 5, 19 33.3 486 | 134 | 211 | 224 | 81 | 524 | 150 | 214 | 214 | 89
DN40 | /10’y 19 4T 6 779 | 205 | 394 | 440 | 79 | 760 | 223 | 380 | 380 | 94
DN 50 29 58.7 134 | 398 | 7a7 | 776 | 77 | 143 | 486 | 672 | 67.2 | 93
DNGS | 2172 38 73.0 200 | 588 | 103 | 109 | 81 | 218 | 668 | 231 | 931 | o1
DN 80 2 38 87.3 272 | 779 | 149 | 161 | 77 ! ol 7ea | ase | aen | g7
DN 100 4 51 1.1 377 | 125 | 238 | 251 | 79 390 | 132 | 225 | 235 | &9
DN 150 o 51 177.8 736 | 232 | 416 | 460 | 82 | vow | cuou | wiv | wus | 82
DN 200 8 76 203.2 135 | 434 | 759 | 863 | 85 | 156 | 490 | 796 | 875 | &5
Quick X . X .
DFIEI'III'IQ 1 e 1 & | o | |T | ena | eEn |T emnd | oan




Pump Sizing - Step 4

H Piping DP = 15 psi at rated flow

B Flow Elements (FE's) = 3 psi

B Heat Exchangers = 10 psi

B Filters - there are none

B Packed Beds - hmmm 25 psi in lig service

B could use Ergun Equation (See Perry’s) to
calc



Pump Sizing - Step 5

B Determine Pump Differential Pressure

B Subtract Inlet Press from Discharge Press
H(note error in equipment list spreadsheet)

B Assume efficiency
B Calc Pump Shaft Power



http://www.gouldspumps.com/gp__hss.ihtml
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Goulds Pump Sizing

m 3600 or 1800 RPM

B Start with Model 3196 (Standard Chemical
Service)

B Look for the pump with the highest efficiency

http://www.gouldspumps.com/gp_hss.ihtml



Workshop

B reflux pump on the acetone column (easy
one)
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Workshop

B Flow: 4372 kg/hr (simulation), SG = 0.75
B Diagram!

275 kPa

275 kPa 1

m 23/0.6*1.1= 43 trays
B height to reflux nozzle= 43*2ft+6 ft = 90 ft
® Find the pump type, hydraulic horsepower, and the Brake HP




Questions

B NPSH
B compression ratio
M driver types



NPSHa vs NPSHr

B NPSHa = available

B NPSHr =

=]

required
Vapor pressure

. Pra




Rated Flow: 4372 * 1.2 / (1-0.15) = 6172 kg/hr = 35.3 usgpm
Suction Pressure = 275 kPa(qg)
Liq head to pressure = 90ft * 0.4432 psi/ft * 0.75(sg) = 29.3psi

Discharge Pressure = 275 kPa(g) + 15 psi (pipe) + 10 psi
(valve) + 3 psi (FE) + 29.3 psi (lig height) = 670 kPa
Differential Pressure = 394 = 57 psi

HHP = 57 * 35.3/171550% = 2.3 hp



