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SOME PUMP FACTS
10 % the world’s electricity consumption

Life Cycle Cost Actual Operating Efficiency Potential Savings

¢ A ,1"-' 3
25%- Better system design

109 [ fB" tter sized pumps
7,5%- better Installation and

majhtenance
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1. Introduction to Centrifugal Pump
1.2 Principle of the centrifugal pump
* The impeller spins & throws water out.

* Low pressure is formed in the inlet.
e Atmospheric pressure pushes more water in.

Pressure side

Direction of

rotation
Impeller

Impeller

Suction
side >

Purmp housing
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of flow

Pump housing )
Diffusor Outiet mpole Impde Ikt
ade

Centrifugal pump, cross section Figure 1.1: Fluid path through
the centrifugal pump.
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1.2 Hydraulic Components
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Figure 1.2: Hydraulic
components.
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1.2 Hydraulic Components L | ||'
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Figure 1.22: Hydraulic components in an
inline multistage pump.
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1 . 3 | m p el |e rS The impeller's direction of rotation
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Fig. 1.2.15: Impeller types for wastewater
Fig. 1.1.3: Flow and head for different types of centrifugal pumps
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2. Pump Types - Single stage

Inline single-stage Horizontal norm pump long-coupled Horizontal norm pump close-coupled
TP range NK and NKG range NB and NBG range
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2. Pump Types - Single stage, split case, double suctions

Fig. 1.2.4: 5plit-case pump
with double-suction impeller
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2. Pump Types — Single stage, split case, double suctions
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2. Pump Types - Multistage

Horizontal multistage pump
CM range
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Vertical inline
multistage pump
CRrange

Immersible
multistage pump
MTR range

Submersible
multistage pump

SP range
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2. Pump Types — other pump designs

Motor can

Fig. 1.2.7: Circulator pump
with canned motor

Centrifugal
wastewater pump

SE range
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2. Pump Types — Positive displacement pump

Fig. 1.2.18: Typical relation between

flow and head for 3 different pump types:
1) Centrifugal pumps

2) Rotary pumps

3) Reciprocating pumps

H

Smart Digital Dosing Mechanical Dosing
DDE/DDC/DDA DMX/DMH

GRUNDFOSsS %
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2. Pump Types — Complete-set Booster system

Multi E system: 2-3 pumps with Hydro MPC: 2-6 pumps with advanced function
integrated VFD, IE5 motor
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How does the pump consume power?

LA 5% % 10%
L S
P,
Equipment Energy Maintenance
Pz Purchase Cost Cost Cost
P,=2.72.Q.H[W] P,=P,/N,. Ny
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Pump efficiency: n|
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The efficiency is the relation between the supplied power
and the utilised amount of power. In the world of pumps,
the efficiency n, is the relation between the power, which
the pump delivers to the water (P,) and the power input
to the shaft (P, ):

P, p-g-QH
=% T p

2 2

where:

p is the density of the liquid in kg/m?,

g is the acceleration of gravity in m/s?,

Qs the flow in m?/s and H is the head in m.

For water at 20°C and with Q measured in m?*/hand Hin m,
the hydraulic power can be calculated as :

P, =272-Q-H[W]
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Motor efficiency: n,,

P,=Py/Np. Ny
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Pump efficiency n, — Pump Sizing - BEP and Reliability P,=P, / Ne - N

High
Temperature Low Bearing Suction
Rise and Seal Life Recirculation
Low Flow Reduced Discharge
Cavitation Impeller Life Recirculation Low Bearing
/ and Seal Life
Pump Curve
Cavitation
=)
5 ;
-
=S
..... 0.5 MTBF
Efficiency
Curve
Pumps are often oversized and operating far
Mean Ti . . . . :
Reliability / Berween from their Best Efficiency Point (BEP). This not
Curve Failure (MTBF) only waste considerable amounts of energy

% FLOW but also shorten pump life time.
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Control methods VS Power consumption? P.=P,/Np.Nu

[:] | HSX 200-150-305C, 50Hz F“E]
_ Q=475 m*h
P,=2.72.Q.H[W] il
n =100 % (50Hz)
Pumped liquid = Water 3
Liquid temperature during operation =20 °C
364 M00% Density = 998.2 ko/m?® S
S
)
L2
('
(1S
- 100
80
[\
80 /
z N/ [\
40 £ l \
z [ \
i /I \
20 v/

Eta pump = 86.4 %
560 600 Q [m/h

00:00 06:00 12:00 18:00 00:00
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PRESSURE IN THE DISTRIBUTION SYSTEM

Hrcsldual '

\, Hifriction

H - hstatic+ hfriction + hresidual

Histatic

Friction Loss
Flow [m3/h]

00:00 06:00 12:00 18:00 00:00

Typical Water consumption profile
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GRUNDFOS

TOTAL HEAD: HE THONG TUAN HOAN KiN SOLUTIONS

H - hfriction

°§”$~"$~

1 1 |

Consumers
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TOTAL HEAD: HE THONG CHUYEN TAI

Static head
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H - hstatic+ hfriction

Pump curve

Friction head Duty point

Rate of flow (Q)
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1. Introduction to Centrifugal Pump

G“I.IND‘ (=3 t;’\

Model 39688;1 065!‘2 05450003

bar/® C MAX
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MK 100-200/200, 3°400 v, 50Hz| =2
[%]
200 mme—
45 -
40
35
301
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20 — 80
15 4 - 60
10 1 40
5 20
a T T T T T T T T T T T T a
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1. Introduction to Centrifugal Pump yp o~

GRUND‘ DRV

Model 3965&10659205450003

— gt /250 LAY 7 50 B

10m
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55 d——""
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1. Introduction to Centrifugal Pump
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1. Introduction to Centrifugal Pump

10m

DN 150
L =200m
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[m]

60

55

50 4

MK 1DD-2EIEP£’DD.3'4DD v, 50Hz| etal
# rsa] |

Q=286 m*h

H=48.02m

n=2979 pm

Fumped liquid = Water

Liguid temperature during operation = 20 *C

Density = 9382 kg/m?

45

40 4

35

30 4

254

20

F100

60

k40

20
Eta pump =82 .4 %

Eta pump+motor=78.5 %

T T T a
280 300 320 340 360 Q [m/h]
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1. Introduction to Centrifugal Pump

-
DN 125 DN 150 H DNT25-200m MK 100-200/200, 50Hz]  &t8
(ml / . ] M@l
Q =288 mh
L=200m L=200m v=tmis / §-i503m
60 Purnped liquid = Water
Liquid tempersture during operstion = 80 *C
g5 | 200 mm— Density = 983.2 kg/m?
DM150-200m
50 4
10m
45 DHA50-100m
V=4,2m/ E‘%
40 =4 S
35
V=15,3m/s
30 1
251 100
20 ————— =h
15 - 60
107 L 40
i _ Eta pump = 82.4 % 20
0 ,-/ Ets pump+motor = 77.8 %

230 240 260 280 300 320 340 360 Q [mih]
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TOTAL HEAD: HE THONG CAP NUOC TRUC TIEP
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H - hstatic+ hfriction + hresidual

Pump curve

Friction head Duty point

Static & residual head

Rate of flow (Q)

Histatic
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SERVICE &
DESIGN: m SOLUTIONS
Dudng cong hé théng — hfriction

DE tinh mét dp ta can biét: Ta can xac dinh dwong kinh 8ng sao cho vira du v= 2

* Luu lwong | theo lwu luvgng, khéng qud I&n, khéng qué nhé. where,

* Chieu da|, duong 6ng, van, co Tham khao: 6ng can du Ién sao cho téc do vis the velocity in [m/s]

* Vat liéu 6ng/tinh trang dong chay khong I&n hon 2m/s: Qs the volume flow in [m¥/s]
Puong kinh éng D is the port diameter in [m)]

PIPE FRICTION LOSS CALCULATOR

Vi du:
Discharge flow (Q)
Luu luvgng: 750m3/h
Chiéu dai dwdng 6ng: 10km
Vét ||éu 6ng / tinh trang: 6ng thép/ mai Pipe Pipelength  Pipe material Pipe size Roughness  Velocity T;'S‘Z::
Puwong kinh dng: 450 mm
Cao do vat ly: 21m

Number of pipe segments

1 10000 m | Stainlessst v DN 500 (50 v 01| mm 1068 mis 1| Calculate 1734

Pumped liquid
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Design: « DN 450: Q 750m3/h H 47m

* DN 500: Q 750m3/h H37m
Supply from

mains

% * DN 550: Q 750m3/h H31m

80

70 /
)’s
/I

N

DN550
N /‘(-\‘\ Bom 160 Kw

DN450

DN500

L =@=Bom 110kw
30 ~ Bom 90Kw
e ()
20 \K
10
— 0 T T T T T T T T T
PH_ 272 * Q : H [W] 0 125 250 375 500 625 750 875 1000 1125
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GRUNDFOS
SERVICE &
SOLUTIONS

CHON BOM

Hay chon dung bom, bom chat lwgng tot, hiéu suat cao.

Vai cau hoi thém ngoai Q - H:
Mot bom hay nhiéu bom?
Khoéng gian |3p dat?

Bom hut am?
Bom 2 cuc hay 4 cuc?

Cao do so v&i muc nudc bién?

Ngubn dién: mot pha hay 3 pha, 50Hz hay 60Hz?

Théng tin chat [6ng bom - nhiét d6, tap chat, hoa chat...?

GRUNDFOS %
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SO lvgng bom trong mot hé théng bom. SERUICE &
SOLUTIONS

* Ta can biét lvu lwong cyc dai va ca lwvu lwgng t6i thiu cta hé théng.
* Bom nén van hanh trong khoang ttr 50% dén 120 lwu lvgng dinh mirc.
* Hé thong khéng nén qué 6 bom, nén cé 1 bom standby.

Flow [m3/h]

N = Qmax/2Qmin +1 duw phong

2% NBG 200-150-315.1/273, 50Hz =a
Losses infittings and valves not included
Q=615m/h
H=8043m

Eta pump =76.4 %
Eta pump = 80.2 % Eta pump+motor+req.converter

1800 Q[mh) 300 %00

— Pt

=

— = - P1=1893 kW
P2 =167.6 kW T P2 =175 kW
NPSH=1048m | HPSH=775m

— Hé 2 bom I&n (200kw/pump, 1 dy phong) VS Hé 5 bom nho (45kw/pump, 1 du phong)
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Bom tuwéi co 200kw

GRUNDFOS

H
[m]

100

90 —=

2 x NBG 200-150-3165.1/273, 50Hz

Losses infittings and valves notincluded
Q=80 m3h

0.43 m

n=94%

Pumped liquid = Water

Liquid temperature during operation =20 °C
Density = 998.2 kg/m*

Eta pump =19.5 %

1,200

50

1,400 1,600 1,800 Q[mh)

F2=8985kW [ 5
NPSH =802 m

eta
[%]

SERVICE &
SOLUTIONS
H 5 OR 150-4-1, B0Hz eta
[m] N - (%]
Losses infittings and valves not included
Q=80mn
130 H=80m
n=1x79%
Pumped liquid = Water
Liquid temperature during operation =20 °C
Density = 998.2 kg/m*

100 {100
90 20
80 80
70 70
&0 60
50 50
40 40
304 30
20 20
e / Eta pump =653 % 1

0 Eta pump+motor+ree,converter = 57.6 %
0 160 200 300 400 500 600 700 500 900 Q(meh)
. - - - - - - . - - NPSH
[m]
25
20
r15
— k10
P1=22686kW [5
P2 =19.98 kW
MNPSH =3.03m

— Khi van hanh & nhu ciu lru lwgng thap, hé 5 bom nhoé cho hiéu suat cao hon rat nhiéu VS hé 2 bom Ién.
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GRUNDFOS
SERVICE &
SOLUTIONS

H NKG 200-150-200/219, 50Hz| ets H NKG 250-200-401 0V, 50z ets
i Tazrzwn M |m =751 m "
Q=752 mh Q=751 mh
H=371m H=3T.1m
" Pumpad liquid = Watar Pumped iquid = Water
Liquid temparsture =283 K 50 Liquid temparature =293 K
; Density = 995.2 kgim® 1 Density = 938 2 kgim®
50 (—
45
45
40
40
35
35
30 -
0 Bom 4 cuc
25 v 100
25 100
20 |0
20 80
15 o 15 | so
10 40 10 40
: - 20 5 # — +20
- P Eta pump = 80.2 %
0 il e Ets pump = 84.1 % 0 L —T Ets pump+motor= 75.9 %
100 200 300 400 500 500 700 500 300 1000 Q [m¥h] 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 Q@ [m¥n]
P2 NPSH| P T T T T T T T T T T T | T T T I NPSH
| Sl Im] - Rren [mi
100 |50 I
P1
___————_____“ 100 10
50 |40 Fz
o 50 le
50 | 0
50 le
40 [ _//
4
___,_—l—'_'-'-
20— 10 20 Pl=8aaun |,
P2=303 kKW P2 =345 KW
. NPSH=T189m| NPSH=5.14m
- 0
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GRUNDFOS
CHON BOM: SOLUTIONS

Bom 2 cuc hay 4 cuc? chon dung theo nhu cau.

So sanh bom 2 cwc (2.900 RPM) va bom 4 cuwc (1.450 RPM)

Tiéu chi Bom 2 cuc Bom 4 cuc Ghi chu

Kich thwéc dau bom Nho hon L&n hon

Gia thanh Ré hon Dat hon

NPSH Cao hon (hut can hon) Th&p hon (hat sdu hon)  [Khéng cé y nghia véi bom tuan hoan kin nhu chiller.

Diém lam viéc thyc té cé thé ngoai dwdng cong bom, bi qua

Pudng cong D8c hon i e t3i v6i bom 4 ey,

Céng suat dong co Nhu nhau

Tudi tho Nhw nhau

Hiéu suat Nhw nhau

Do 6n Cao hon mét chat Thap hon mét chat
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GRUNDFOS

SELECTING PUMP: No cavitation SOLUTIONS

Dé bom khdng bi xam thue, cdng thire sau dwgce dung dé
tinh chiéu sau hat toi da:

h _=H —H—NPSH-H,-H
max b f v 5
Hmax - Chiéu sau hut téi da.
Hb - 4p suat khi quyén tai noi dat bom.
Hf - Mat &p trén tuyén éng hut.

NPSH, cot ap ctra hut duwong thue, tim trén duong cong NPSH
cla bom & diém Ivu lvgng cao nhat.

Hv — 4p suat hda hoi clia chat 1dng- tra theo nhiét dé.

Hs - hé s& an toan, thudng |ay tir 0,5 — 1 m, vai chat long chira
gas thi 18y bang 2m.

—?-
i
10 20 30 40 50 60 70 Q [mi/h]

Fig. 1.1.9: The NPSH-curve of a typical centrifugal pump
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Bom bi khi xam thuec:
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HS 450-350-440/403, 0Hz

@ =2300 m¥h
H=425m

Pumped liquid = Water
Density = 938.2 kg/m®

u—-——'——“——-._\

Ets pump =74 %

1,000

1,500

2,000

3,000 3,500 Q [reh]

P2 =358 kW

NPEH=1316m 0

GRUNDFOS
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PUMP CURVES

H n
mip____ [%]
50
40 ® —
70
30 60
Efficlency 50
= 20 P ) a0
_ 2 e /
T]M = _P /, 30
20
1 10 L
-.___/ 10
0 10 20 30 40 50 60 70 S
. 0 Q [m/h] P'P]E'H
2 m
[kw] — | 12
wer gonsumption S
10 P [ ] 10
P, : .
Ne = 6 6
P. . .
L —
2 NPSH L 4 2
0 # I I I

Fig.1.1.4: Typical performance curves for a centrifugal
PH= 2.72.Q.H [W] pump. Head, power consumption, efficiency and NPSH
are shown as a function of the flow
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_ . ) ‘ J ) GRUNDFOS
DAY LAM VIEC - DIEM LAM VIEC TO j T

High temperature rise CR30-3, 3°400 V, 50Hz
Q=286.8 m¥h
H=68.37m
n =2853 ppm
Pumped liquid = Water
Low beanng & Seal Ilfe LiquiEI ten'.;l:lerature during operation =20 *C
/_ Density = 998.2 kgim?

Low flow cavitation

—__50% BEP

Low bearing &
BEP seal life

120% BEP

Btas pump =T8.5 %
Bta pump+motor= T3.2 %

120 Q[mih]

)'/= 22.03 KW
P2 =20.54 kW

NFSH=2.85m
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HIEU SUAT THIET B| VS HIEU SUAT VAN HANH
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Throttle valve

8

Resulting characteristic

System

Throttle valve

Fig.: 4.1.2: The throttle valve increases the resistance in the system
and consequently reduces the flow.
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6.1 Pumps connected in parallel - Equal sized pumps

max

P1+ P2
Q,+Q,
A

H1=H2— = A - —

Q=Q  \py, P2

e X'

QITIBX
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BOM VAN HANH SONG SONG

Thoéng hiéu diém lam viéc thuc té:

2 xMKG 150-125-200/194, 3°400 V, 50Hz

Losses in fittings and wvalves not included
Q=753 mth

H=374m

n=2x100 %

Pumped liquid = Water

Density = 998.2 kg/m?

Ets pump = 79.4 %
Ets pump+motor=75.7 %

be think innovate

1,000 Q [mi¥h]

P1=101 kW
P2 =363 KW
MPSH=873m
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1. Introduction to Centrifugal Pump

10m

DN 150
L =200m
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[m]

60
55

50
45

40

35

DN125-200m

DMN150-200m

|2 x MK 100-200/200, 50Hz

eta

Losses in fittings and vahes not included
Pumped liquid = Water

Liquid tempersture during operation =80 *C
Density = 983.2 kg/m?

DN200-200m

[3]

F 100

80
| 50
F40

20

600 650 70O 750 [mi¥h]
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Pumps connected in parallel - Equal sized pumps

A. "Steep" pipe characteristics
Not suitable

B. "Flat" pipe characteristics
Suitable
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6.2 Pumps connected in series - Equal sized pumps

N
H
2'Hmax P2 } H2
Q= Q, > Hiot
Hmax P1 } Hl
4
Ql= QZ cZmax Q
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Pumps connected in series - Equal sized pumps

A. "Steep" pipe characteristics
Suitable

~ "Flat" pipe characteristics
Not suitable

w
o
....
o
W
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Step 1 Step 2 Step 3 Cypres

PRESSURE TANK SOLUTIONS

Binh tang ap luc:
. Giam s0 lan tat/mé bom
. H&p thu xung ddng ap suat - bua nudc.

» Precharge pressure = Cut-in — 2 PSI

29 psi 50 psi
Pump on

Tank Sizing For Pump Cycle Control Determining Acceptance Factors
|Information Needed|
R+14.7

. Pump Output 1)_15 GPM =1 — —
Desired Runtime* 8 2 Min. [Acceptance Factors| Acceptance Factor = P+147
. Pump Cut-In (3)_40 ps!g Cut-n 2
. Pump Cut-Out {4)_60 psig 35

[Tank Volume Selection] 221 Example: wWhere

B = 30psi
B =50psi

. Drawdown
Line(1) x Line(2) (5)_30 Gallons

. Acceptance Factor (6)_.27

. Tank Size Needed (7)_111_Gallons 30+14.7
Line(5) + Line(s) 56 |50 .44 | 38| 31|25, - sora7 =

*Recommended Minimum Runtime .

Upto 3/4 hp: 1 Mi_nute As seen, with the precharge set to 30psi,
110 2 hp: 2 Minutes the tank will have filled 31% by the time
2 hp and up: 3 Minutes the water pressure reaches 50psi.

31
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GRUNDFOS

BE QUAN TINH SOLUTIONS

Foundation suspended on vibration dampeners
Optimum solution with controlled vibration
transmission, see figure 2.1.9.

As a rule of thumb, the weight of a concrete foundation
should be 1.5 x the pump weight. This weight is needed to
get the dampeners to work efficiently at low pump speed.

Fig. 2.1.9: Foundation
suspended on
vibration dampeners

W//(/%/’////////////// 9%
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Adjusting pump performance

1. Bypass control

% Bypass valve

/-\ 4Qr

A

v

e \Z
H,

w

©

System
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Adjusting pump performance
2. Throttle control

Resulting characteristic

System

H

P
/—/H Throttle valve

System
H, H,

Throttle valve
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Adjusting pump performance

3. Modifying impeller diamete
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Adjusting pump performance

4. Speed control
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