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Definitions and Terminology o @

2. Pump Heads:

— Pump suction head (H;): pressure head at the pump suction
nozzle when the pump is in operating condition

— Pump delivery head (H,): pressure head at the pump delivery
nozzle when the pump is in operating condition

represents the energy added to the fluid
by the pump (between the suction and delivery nozzles) per unit
weight of fluid.

Pa
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Definitions and Terminology & ‘

3. Pump performance characteristics

— Presented as a set of Iso-efficiency curves at:
 Different speeds

 Different size for geometrically similar pumps at constant speed
Different speeds
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Definitions and Terminology & ‘

4. Cavitation. It is the formation of vapor cavities of the
liquid being pumped at normal operating temperatures
when the static pressure reaches the fluid vapor
pressure.

— Problems:
Reduces the pump total head and flow rate
Reduces the pump overall efficiency
Damages impeller and casing walls
Creates noise and vibration problems
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System characteristic ®
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Definitions and Terminology & ‘

5. Net Positive Suction Head (NPSHA) Available: is the
available positive head at the centerline of the pump

inlet flange
V2 P  Pum
NPSHA = hy, + =~ — % !P P
Zg 'Dg SuctTonIift
VZ 2 S — e v
he, + — = —= — suction lift — hy
29 pg

* sn... inlet of the pump suction nozzle
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Definitions and Terminology & ‘

5. Net Positive Suction Head (NPSHA) Available: is the
available positive head at the centerline of the pump

inlet flange
V2 P  Pum
NPSHA = hy, + =~ — % !P P
Zg pg SuctTonIift
VZ 2 S — e v
he, + — = —= — suction lift — hy
29 pg

* sn... inlet of the pump suction nozzle

6. Net Positive Suction Head (NPSHR) Required: is the
positive head specified by a pump manufacturer for
proper pump operation.

NPSHA > NPSHR ——  Ppin > B, 52



NPSH Example !‘

VZ P
NPSHA = Hy,, + = -~
29 pg

L=50m y = 8.5 kN/m3

D=0.15m P, = 60kPa

=0.018 B

NPSHR=0.75 [a =101kPa
NPSHA > NPSHR

Determine the critical flow
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NPSH Example

NPSHA = Hs +

vz P,

29

o

V2
Calculate the Hs + — + Z, =— Zs+ hy
g 2g \p
Hs
Yo H =t (7,-2) - h
| 29 pg | Is ™ pg
|
NPSHA = Zo—Z h
09 + ( s) s — pg

LV?  fLQ?
Calculate the Loss h,. = f = = 979.28042
_ © 29D 2gDA? °
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NPSH Example

vz P,

NPSHA = Hs + =2 — L
29 pg

60kPa
8.5

1kPa
8.5

NPSHA = + (2m) — 979.28Q% —

INPSHA = 2.83 — 979.280?

Calculate critical flow NPSHA > NPSHR

2.83 —979.28Q% > 0.75

Calculate NPSHA NPSHA = r +(Zy—2Z5) — hys — .

Critical Flow Rate 0% < 0.046m3/s s




Definitions and Terminology o

7. Minimum Flow: the lowest continuous flow at which a
manufacturer will guarantee the performance of the

pump

8. Critical Speed: Speed at which the equipment may
vibrate enough to cause damage
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Definitions and Terminology -

9. Input and Output Power and efficiency:

— Pump input power (B,,,BP) is the mechanical power to drive the
pump (shaft power or brake power)

P,, = BP = Driving Torque * Angular Velocity = Tw

— Pump useful power (P,) represents the shaft power which
remains after all losses have been overcome

P, = mW = mgAH = pQgAH

— Hydraulic Power (Py,)

Py, = B, = pQgAH
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Definitions and Terminology &

6. Input and Output Power and efficiency:
— Pump overall efficiency (n,)

P, pQgAH —

770=Pu= BP — No =MNm *MNi *MNc *MNy
m

Impelier

friction Blade losses Internal ieakage (slip) Impeiler

friction

Sealing
friction

Internal
leakage (slip)

Bearing
Bearing and External friction / Biade
seal friction leakage
External
leakage
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Definitions and Terminology &

6. Input and Output Power and efficiency:

No = Nm *MNi *N¢c *MNy
— Mechanical efficiency (n,,,)

P — P; - : . :
= Jm P;,...friction resistance in bearings and seals
NMm p jm

— Impeller efficiency (n;) is a measure of how much of the power
available (P — P;,;,) is converted to kinetic energy in the liquid and how
much is lost in blade losses and disc friction

— Casing efficiency (n.) is a measure of how much kinetic energy
produced by the impeller, is recovery as static pressure rise compared
to the losses which appear as temperature increase

— Volumetric efficiency (n,) is a measure of how much flow is delivery
form the pump discharge compare to the flow through the impeller
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The best efficiency point (BEP) O ‘
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Output Power and efficiency: ‘
O
Example

Curve Pump
100 Pb=1 atm
90
80
70
60
T o y= -3903.?22_- ;ogggix +87.703
I 40 - a
30
20
10
0
0 0.02 0.04 0.06 0.08 0.1 0.12 Zb=25m

Q(m3/s)

11,01 L2,D2
L1=6.7cm Ry minors = 5.9m
D1=15cm £=0.018
L2=205m
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Output Power and efficiency: ‘
O
Example

100 0.9
90 0.8
70 06
60 05
é 50 . = Pump
T 0.4
40 —@—system
0.3
30 Efficiency
o/ 0.2
20 :
10 0.1
0 0
0 0.02 0.04 0.06 0.08 0.1 0.12
Q(m3/s)

Q =0.077m3/s AH =56m No = 84%

Yy =9.79 kN /m3

b, _ pQgAH

P, YQAH  (9.79)(0.077)(56)

= 50.23kW
Mo Mo 0.84

P, =

No =

P,  BP

62



Definitions and Terminology & ‘

7. Pump Specific Speed

N ... Specific Speed
B N\/E N... Pump speed (rpm)

Ns = g3/4 Q... Flow rates at best efficiency point (L/s)
H... Total dynamic head at best efficiency point (m)

. . HEAp N ‘ Hﬁ‘?o
;S..
g S g q,"-"d. g G‘:O'
S| &7 eoW® e §7 RONE e $ Powey
& < C
! |9 BV : 8
; &
m " 'S G - - “ "
Capacity Capacity Capacity

Values of specific speeds (single suction)

®§8888 & § § § gggEEE:z @
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Definitions and Terminology & ‘

10. Pump Specific Speed

Values of Specific Speeds
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Definitions and Terminology -

11. Affinity Law

There are two sets of affinity laws to approximate head, flow and power
for different rotation speed and/or diameter:

1. Affinity laws for a specific pump
2. Affinity laws for a family of geometrically similar pumps

65



Definitions and Terminology

1. Affinity laws for a specific pump

For the Flows

For the Head

For the Power

requirements

Q1 _ NiDy
Q2 N:D;
H, N{Df
H, NZ2D?
P, N;7D}
P, N;3D3

D1=D2

Q xN

H o« N2

P x N3
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Definitions and Terminology

1. Affinity laws for a family of geometrically similar pumps

N.D3

For the Flows O _ 1 13
Q2 N,D;

H, N{Df

For the Head H,  N2D2
For the Power P, N?D}

requirements P,  N3DS
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Affinity Example

100
90
80
70
60
50

H(m)

40
30
20
10

0

0.9

0.8
0.6
0.5
Pump
0.4
—@—system
0.3
o—f Efficiency
0.2
0.1
0
0 0.02 0.04 0.06 0.08 0.1 0.12

Q(m3/s)

N=1500rpm Q = 0.077 m3/s AH =56m No = 84%

N=1800rpm >

D=Cte ———

Q1 NiDg Hy N{Df
Q2 NzDy H, N£D:?
o % om_w
Q N, H, Nf

P, = 50.23kW

Prn1 _ Ny D7

Ppn, N3D3

Pml — N13
Pm, N
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Affinity Example

N=1500rpm — Q = 0.077 m3/s

N=1800rpm
D=Cte

N=1800rpm

G _M
Q2 N
szﬁ

Q, = 0.092m3/s

AH =56 m Mo = 84%
Hy Nf
H, N?
Ny _1500_083
N, | 1800
H,
H2=r_2
H, =80.6 m

P, YQAH (9.79)(0.092)(80.6)

(0] Pm

P, 86.8

P, = 50.23kW
Pm; N
Pp, N3
Pml
sz = T'_3
P, = 86.8kW
0.84
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Affinity Example li

N1
D

180
360
420
480

1780rpm

380
310
278
235

250 mm

62
82
81
77

Operating point:

Q(m3/h)
450

H(m)
300
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Affinity Example Il

N1 1780rpm . . Q(m3/h)
5 p — Operating point: 450
180 380 62
360 310 82
420 278 81
480 235 77
400 100
300 :><Qs< 80
— 60 —
£ 200 =
T 40 W
100 20
0 0
0 100 200 300 400 500 600
Q(m3/h)
—e—H(m) operating point —e—E(%)

H(m)
300
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Affinity Example I o

N1 1780rpm . .
S PTG - Operating point: Q(;":O/h) ";((;B)
180 380 62 The pump is fitted with a variable speed drive with
360 310 82 a speed range of 1500 rpm to 3000rpm
420 278 81
480 235 77
400 100
300 :><Q‘C 80
— < 80 —
% 200 10 e H =-0.00082182Q2 + 0.061648Q + 395.42
100 20
0 0
0 100 200 300 400 500 600
Q(m3/h)

—e—H(m) operating point —e—E(%) 73



Affinity Example I o

S 1780rpm : . .. Qm3/h)  H(m)
D 250mm Operating point: 450 200
180 380 62
360 310 82
420 278 81
480 235 77
400 100
300 :><Q‘C 80
—_ S &0  —
£ 200 o E — H=-0.00082182Q2 + 0.061648Q + 395.42
100 20 N .
0 0 Q1 _ 1&1 H, _ N{ Al
0 100 200 300 400 500 600 Q> NZD}\ H, N2D i\
Q(m3/h)
—e—H(m) operating point —e—E(%) & = 7 — ﬁ — ﬂ — 7'2 24

=7r =
N, Q2 H,



Affinity Example li

(> H,
N1 1780rpm . : Q(m3/h) H(m)
0 250 mm Operating point: 450 G
180 380 62
360 310 82
420 278 81
480 235 77

H, = -0.00082182Q% + 0.061648Q; + 395.42

& =71 ﬂ == ’r'z
Q> H,
2 Ny
@Hz =-0.00082182(rQ,)“ + 0.061648 rQ,+ 395.42— r=0.950 — N_ =
2

N, = 2= 1872 rpm

r

r
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Series and parallel O ‘

« We can connect several identical or different pumps in
series or in parallel in order to increase the system flow
rate or to develop the required delivery head

Parallel Series

D ac

Qc=01+0; Qc=01=0;

Q2

ac P

HC:H1:H2 HC:H1+H2
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Series and parallel O

Parallel Series

& |
H—Q_curve

[
£ ] | H \ N System curve

H—Q_curve

H \ Py // System curve \ \

;\ I M S \ ’
Q? \ {, T~ ~ P1 J"{
o \‘\/ — \‘, _
/‘_.- P2 H"'H\ ’/-I\ -HC—H1+H2
C= = R
o - \k r, I
E— _ .
=0+ Q2 4 P\ &
4 L4 > - -7 \: \ H1
Qi Qz Qe Q ‘,\ .
H-Q curves for two different pumps in parallel T
_ 2
w " J ¥ L A
Q Q Q Q

H-Q curves for two different pumps in series
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Series and parallel: example O ‘

80 0.9
70 & 0.8
0.6
50
40 Hy 05 . —HB(M)
T Hp 0.4 ™ —HA (M)
30
0.3 Eff B()
: —Eff A()
10 0.1
0 \ 0
0 20 40 60 80 100
Q(L/s)

D
Qﬁ Ql’i
Qc [><} 78




Series and parallel: example O ‘

<] 80 0.9

QA QB 70 0.8
0.7
60
N\
0.6
A 50
— 0.5
Qc [>< € 40 =
T 04
30
0.3
Qc = 01 + 0 20 0.2
10 0.1
HC - H1 = Hz 0 0
0 20 40 60 80 100
Q(L/s)

—HB (M) —HA (M) Eff B() —Eff A()
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Series and parallel: example O ‘

'
calculate Q. 0 20 40 60 80 100

Q(L/s)
Qc =04+ 0p
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Series and parallel: example

. H | oA | a8 | QA+QB |
54.0 42.4 1.2 43.6
53.3 43.4 3.6 47.0
52.2 44.9 7.0 51.9
51.1 46.3 10.4 56.7
50.1 47.5 13.0 60.5
48.7 49.2 17.0 66.2
46.9 51.2 21.5 72.6
44.6 53.4 26.6 80.0
41.8 56.0 32.1 88.1
39.5 57.8 35.9 93.7
37.2 59.4 39.3 98.7

50

Q(L/s)

100

150
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Series and parallel: example O ‘

Combined Efficiency

P=pgHQ
_ Total output power
Te = Total input power P,
p, =%
Mo
n = PA+P}  pgHsQa+pgHpQp  1Mans(Qs+ Qp)
(o

P+ PR pgHAQu  pgHpQs 1504 + 11408
Na UF:
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Series and parallel: example

Combined Efficiency

_ Nang(Qa + Qp)

Ne

NeQa +M40p

80

70

60

50

40

H(m)

30

20

10

o
>

0 Qa

20 40 60
Q(L/s)

—HB (M) —HA (M)

\

80 100

Eff B() —EffA()

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Eff
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Series and parallel: example
HB___ oA A

54.0 42.4 1.2 43.6 0.6
53.3 43.4 3.6 47.0 0.6
52.2 44.9 7.0 51.9 0.6
51.1 46.3 56.7 0.6
50.1 47.5 60.5 0.6
48.7 49.2 66.2 0.7
46.9 51.2 72.6 0.7
44.6 53.4 80.0 0.7
41.8 56.0 88.1 0.7
39.5 57.8 93.7 0.7
37.2 59.4 98.7 0.7
80.0 - 0.8
70.0 - 07
60.0 - 0.6
50.0 - 0.5
£ oa T
= 40.0 0.4 £
30.0 - 0.3
20.0 - 0.2
10.0 - 01
0 20 40 60 80 100 120 140 160
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