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Centrifugal Pumps

suction
*Centrifugal force is used to
fling fluid from the suction N
side to the discharge

*Centrifugal pumps put out
neither constant flow rate
nor constant pressure

*We must use the
mechanical energy balance
to figure out how a
centrifugal pump will perform
in a given situation

CM3215 Fundamentals of Chemical Engineering Laboratory

%7

ischarge
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CM3215 Fundamentals of Chemical Engineering Laboratory

System Curve Assignment (week 8; was due week 10)

How do you choose a centrifugal pump for a given duty?

* Calculate the flow-rate-dependent demands of a
system = system head curve (this assignment)

eCompare the system-head curve (demands) to the
available pumping-head curve (supply), and choose
the right pump

Pumping Head Lab (week 12)

*Pumping Head Characteristic Curves are plots of what
an existing pump can do under various loads (duties)

*We measure a pump’s characteristic curve by
determining Ap = Pdischarge — Psuction ON the
suction/discharge system

5
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CM3215 Fundamentals of Chemical Engineering Laboratory

System Curve Assignment (week 8; was due week 10)

How do you choose a centrifugal pump for a given duty?
* Calculate the flow-rate-dependent demands of a
Took the stem = system head curve (this assignment)

role of the ompare the system-head curve (demands) to the
user ailable pumping-head curve (supply), and choose
e right pump

Assignment 6:
Prepare to choose a pump
for a system

Was due Week 10

6
© Faith A. Morrison, Michigan Tech U.




Characterize a Pump; CM3215 Morrison

CM3215 Fundamentals of Chemical Engineering Laboratory

Tuesday Take the role
of the
manufacturer

Pumping Head Lab (week 12)

*Pumping Head Characteristic Curves are plots of what
an existing pump can do under various loads (duties)

*We measure a pump’s characteristic curve by
determining Ap = Pdischarge — Psuction ON the
suction/discharge system WEEK 12

7

Report 6: Characterize a laboratory pump . Michigan Tech U.

Take the role of the manufacturer

To report the performance of a centrifugal pump, we apply the
Mechanical Energy Balance around the pump to see what we need to
measure.

A_P A(U)Z LAz 4 Ffriction _ VV.s,on
pg 29 g mg
Zd
Zs (V)a

o discharge
This is called the

“suction-discharge”
system.

suction
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Take the role of the manufacturer

| Centrifugal Pumps - MEB written on suction/discharge system

2 2
— v)g — (v F, w.
Pa ps_l_( )d (v)s 4 (zg —2) + ds _ s,oTl,d—s
Py Zga g mg !_os_ses
Pa—Ds (V)G —(v)} Wy ona—s [ Fa reduce the.
® + dZ * + (zg — z5) = 5,01.1, = 21 usable work
Py ga . Mg ,
~
Y 13
pump efficiency _ MWsond=s
= —mg
z4 0<n<1

Z
X ha NWs on,a—s = Usable work

brake horsepower

discharge

suction (In U.O. lab senior year, you will

measure a pump efficiency, 1) g Faijth A. Morrison, Michigan Tech U.

Take the role of the manufacturer

| Centrifugal Pumps - MEB written on suction/discharge system

Measuring these quantities
on suction-discharge system

A
s N
Pa — Ps <v>?l - (v)g (Ws onds Fa s)
+ +(zqg — 25) = -
g 29 @ ng g
— nWs,on,ds
mg

Zs W)a Y
Tells us about the net
discharge capability of the pump

suction
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CM3215 Fundamentals of Chemical Engineering Laboratory Take the role of
the manufacturer

Measuring the Pumping Head curve:

*Write the MEB on the suction-discharge system
*Measure pressures, velocities, elevations at (d) and (s)

*Pump friction is moved to the RHS and combined with the work,
leaving H, as usable (delivered) head; we do not need to measure
pump friction (unless measuring efficiency, 1)

Pa—Ds (V)G — (V)2 Wsonas Fa,
s+ d S+(Zd—ZS)= s,on,ds S EHp

rg 2ga mg g ;
2 2 s
Pa —ps  (v)g —(v) =
H, = Sy >4 (z4 — 2) g
Py 2ga =
2
8
Total _| energy H,, is a function of flow rate <
head | weight (through the average velocity £
and p4(Q), ps(Q))- .
CM3215 Fundamentals of Chemical Engineering Laboratory Take the role of
. . the manufacturer
Measuring the Pumping Head curve:
2 2
Pa —Ps  (v)g—(v)
H, = ‘4 S+(Zd—ZS)
rg 2ga
e Operate pump
e Vary flow rate . ,
winmeterng QLGP P@si) P sig) «
valve on ° via
discharge side 1.0 27.1 -1.0 !
1.2 26.4 -0.5 2
* Calculate H, 1.8 252 | 11 discharge ks
from 2.1 240 | 1.2 sucton g
measured 5
Q' Pa,Ds,Za, Zs s
Suction E
pressures can 5
Total _ (energyj drop below =
head weight atmospheric §
©
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CM3215 Fundamentals of Chemical Engineering Laboratory Take the role of
the manufacturer

Measuring the Pumping Head curve:

2 2
_Pa—Ds (Vg — (V)s
H, = + + (z4 — z5)
rg 2ga
* Operate pump
* Vary flow rate . ,
with metering @ (gpm)|Pa(Psig) | ps(Psig) 24
SR Zs (W
valve on
discharge side 27.1 -1.0 5
26.4 -0.5 2
¢ Calculate Hp 252 1.1 discharge E
from 24.0 1.2 suction i
measured £
Q' ParPsrZa, Zs s
Choice of Q’s to Suction é
measure pressures pressures can 5
Total (energy} atis up toyou beI| drop below z
i sure to address al atmospheric =
head weight your objectives P 3
©
CM3215 Fundamentals of Chemical Engineering Laboratory Take the role of

the manufacturer

Plot results as a )
function of Q Pumping Head - pump

characteristic curve

H, (ft) |

v

Q(gpm)
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Krum Pump Company
Kalamazoo, Ml
Model: Peerless pump

One problem we must work
around: The ORIFICE meter.

Type: PE50B )
Performance Curve No: 4848278 /
RPM: 3450 : g :
Curve 4848273
;20 - _' _____ N . [ R i . H E_
SR hh_x\?ﬁ 150C This is the literature
E100 [t T ” ~ pumping head curve for -
<DE - £ 1000 . the pump at your station
BD e PELRE G I e : b WS
LIIJ BG -__P 5 G - )
_
< : N
@)
|_
3 g 25

TR SR S 's S R

US GALLONS PER MINUTE

15
© Faith A. Morrison, Michigan Tech U.

One problem we must work
around: The ORIFICE Meter.
The orifice meter constricts the flow (by

design) and causes the line upstream of
the meter to be pressurized.

(T =

J =
orifice

meter rotameter

Manipulating WVO05 does not allow
us to sufficiently dial down the head
losses overcome by the Peerless
pump, since the losses are
dominated by the orifice meter.
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Normally, with the head loss dominated by the post-pump metering
valve, we can open the valve to dial down losses, and shift the
operating point for data acquisition on the suction-discharge system.

— Valve
10% open Valve
: " 30% open Curve 4848273
Measured  :ag |l T .
point | pE1s0C Vale
gtee_ - ?T::TW_:M 70% open __* i
) o FE 700C i Valve
T g :
< 60 R - e, e O y ‘- & imes i o
= PE G0 ;
O — 7
— ; ! : Zs (v)
10 95,533_.,14.__..\_‘:}‘ T ‘
of . )w discharge
) iy W an IR O ST
US GALLONS PER MINUTE
(System curves the pump is pumping against; they 17
shift to the right as metering valve opens) © Faith A. Morrison, Michigan Tech U.

The orifice meter dominates the downstream head loss in our
CM3215 lab stations. Without removing the orifice meter, we cannot
explore the full range of the Krum Peerless pump.

Valve T Valve :
50% open 00 . Curve 4848278
VRN - p _ _ b ,

PR S —;N;\_\;PE 150C
E‘GC y . ,.Am R . -
a N BE 1000 :
< :
N ‘
I
—
S
O
- ;

T PE

)' discharge

%%Ipm g F3s X as A &0 suction
"'~ SALLONS PER MINUTE

(System curves the pump is pumping
against; includes orifice meter) 18
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Solution: Define everything
between the Krum suction and
the orifice meter discharge as a

new, “Lossy®” pump

Characterize the Lossy ®
pump instead of the
Krum Peerless pump.

© Faith A. Morrison, Michigan Tech U.

pd/, ______ __~~~~~
g E >
- ~,
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B = \
/s orifice ;
_’ meter rotameter i
-
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CM3215 Fundamentals of Chemical Engineering Laboratory Za

The Solution; | The CM3215 “Lossy®” Pump

s (F

*Extends from the pump suction to the exit of the
orifice meter.

. Pressure tap at exit of orifice meter

" | Orifice meter |
/ is inside;

! makes the
i pump lossy.

Lossy®
Lopump [ Ps

\
/ Pressure tap at pump suction

_______________

discharge
suction

Pa WV-05

20
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CM3215 Fundamentals of Chemical Engineering Laboratory

Report 6: Characterize the Lossy® Pump

* Determine the pump characteristic curve for your lab station’s Lossy ® pump (suction at
Krum Peerless pump suction, discharge at orifice exit).

* Measure the Lossy® pump operating conditions for when the throttling valve WV-05 is 0.5

turn, 1.0 turns, and 2 turns open.

* Predict the operating
conditions for the Lossy®
pump when it operates
against the lab station’s
system with WV-05 0.5
turn, 1.0 turns, and 2 turns
open.

Quantitatively compare
your predictions and
observations (use
appropriate error
analysis).

Address all objectives
assigned.

CM3215 ChemE Transport Lab:
Analysis of a Centrifugal Pump
Pre-laboratory Assignment

Read through the section on centrifugal
‘pumps in your transport book (Morrison,
2013). Review the handont on pumping
head (see web handouts page). Prepare data
tables in your laboratory notebook for
recording data for this lab per this handout.
‘be sure to include units in your tables.
Prepare a safety section in your laboratory
notebock detailing all safefy issues
associated with this laboratory

Task: Your lab station consists of the
Lossy® Pump (everything between the
Krum Peerless pump suction and the first
pressuse-tap downstream of the orifice) and
the system (all the tubing and fittings from
the first pressure tap downstream of the
orifice to the suction side of the Krum
Peerless pump, including Tank 2). Calculate
the system curves for the system for the

copper tube. The suction of the lossy pump
is the suction of the lab centrifugal pump
(Krum Peerless pump); the discharge of the
Lossy® pump is the first pressure tap after
the orifice

Theory: See lecture.

Experimental Procedure

Measure and report an equation for the
pump characteristic curve for the Lossy®
pump ar your station over the widest range
of flow rates possible. Follow a safe
procedure that gives you the appropriate
data. Include appropriate error analysis.
Address other objectives as indicared in the
Data Analysis section

Shut Down Procedure

. Close acedle valve WV-5.

2. Tusa off pump P-01.

3. Close valves WV-1, WV.2_and
WV-3

4. Close WV-10 and drain T-02 by
opening DV-02.

5. Disconnect measuriag devices from

CM3215 Fundamentals of Chemical Engineering Laboratory

Prelab assignment

Tasks:

Your lab station consists of the Lossy® Pump (everything
between the Krum pump suction and the first pressure-tap
downstream of the orifice), and ...

The system (all the tubing and fittings from the first pressure tap
downstream of the orifice to the suction side of the Krum
Peerless pump, including the flow exit and Tank 2).

Using the system curves for the system for the situations when
WV-05 is in the following three states:

« 0.5turn open (180°), 1 turn open (360°), 2 turns open
(fittings and tube lengths given in Assignment 6).

answer this question: What head needs to be supplied by a
pump to produce 1 gpm for each of these three configurations of

the system?

© Faith A. Morrison, Michigan Tech U.
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CM3215 Fundamentals of Chemical Engineering Laboratory

The CM3215 “Lossy®” Pump
*Extends from the pump suction to the exit of the orifice meter.

*The system on which this pump operates, thus, is the piping and fittings
between the exit of the orifice meter and the pump suction

System worked \
onby Lossy® \
pump

Do an “Assmt 6”
type calculation

N e - -

23
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CM3215 Fundamentals of Chemical Engineering Laboratory

“Predict the operating conditions for the Lossy® pump when it operates
against the lab station’s system with WV-05 0.5 turn, 1.0 turns, and 2 turns

open.”

Measured “lossy”
pump head
characteristic curve (fit)

H(ft) System curves for
various metering
valve positions

Operating point predictions
from where system head
curves intersect Lossy
pump characteristic curve

Measured Lossy®
pump head points
when operating at
specific valve
positions

Q (gpm)
Does ¢, match e ? (consider uncertainty)

How well do we know the system curves?

© Faith A. Morrison, Michigan Tech U.
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There are two
parts to pump
performance:
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