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Pump Design
Suction lift operation
(Tank with pipe ending below the fluid level)

Model description:

This component model calculates the Total Dynamic Height (TDH) of a pump installed in
a hydraulic installation. There is also an option to calculate the Net Positive Suction
Head available (NPSHa) of the installation.

In this model,
e the pump is operating in suction mode (the level of the suction tank is located
below the suction flange of the pump),
e the pump delivers into a tank whose pipe outlet is located below the fluid level of
this tank and whose level is located above the pump discharge flange.

Model formulation:

Mass flow rate (kg/s):
G=Q-p

Cross-sectional area (m?):
B Suction piping:

2

A, = .
4

B Discharge piping:

b’
4

A,=rx

Mean velocity (m/s):
B Surface of the suction tank:

vV, =0
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B Suction piping:

)
A
B Discharge piping:
Q
v, A
B Surface of the discharge tank:
v, =0

Reynolds number:
B Suction piping:

Rel — Vl_Dl
14
® Discharge piping:
Re, = Y22
14

Darcy friction factor:
B Suction piping:

fl = f {Rel,%j
1

B Discharge piping:

f, =f[Re2,[r)—2j
2

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
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Coefficient of major pressure losses (friction in pipes):
B Suction piping:

Kflzfl-%

1

B Discharge piping:

Kf2=f2-%

2

Total pressure loss coefficient:
B Suction piping:
K, = Kf, +Ks,

® Discharge piping:
K, =Kf, +Ks,

Total pressure loss (Pa):
B Suction piping:

PV’
dPy, =K, - 23

B Discharge piping:

2
oV
APy, =K, 2

Total head loss (m):
B Suction piping:

2

\Y
dHy, = K, - —2—
01 1 29

B Discharge piping:

2
V2

dH, =K, 52

Total gage pressure at the suction flange (Pa):
2

PlzP0+—V°2'p—(dH01+HO)-p-g

Total gage pressure at the discharge flange (Pa):

v.2.
P,=P,+ 32 P 1 (dH,, +H,)-p-g

Bernoulli's equation:



P +%-p'\42+p~9-2i =Po+%-p-V02+p-g-Zo

(Perfect fluid, incompressible, steady state flow)

PP
Vi<V,

Z < Z,

7

Illustration of Bernoulli's theorem

Pump Total Dynamic Head (application of the extended Bernoulli equation for a real
fluid):

P,-P Vo -V,
HMT:(HO+H3)+[ ;'90J+£ 32'90 ]+(dHOl+dH23)

([1] equation 5)

2p

Tllustration of the system

where:

H, +H,

Total static head, this is the difference in height between the liquid
level on the inlet and discharge sides (geodetic head).




P9 Static pressure head, this is the pressure head difference between the

inlet and outlet tank.
In the case of open boxes at atmospheric pressure, the pressures Po
and P3 are equal and the static pressure head is zero.

v, -V,
29 Dynamic head, this is the dynamic height due to the vertical speed
difference in the two tanks.
In general, the liquid surface flow velocities vo and vs of tanks are
very low and the dynamic head is considered to be zero (negligible).
Hy, +dH
dHo, +dH;, Pressure loss head, this is the sum of all the head losses of the

installation, suction and discharge piping.
(= resistance to flow in the pipes, valves, strainer, piping inlet and
outlet, etc.).

NPSH Available of the system:

NPSH_ =P, -P

vap

By applying the extended Bernoulli equation for a real fluid, between the tank level and
the pump suction flange, we obtain the following equation:

NPSH. = Po + Pam = Prap N Vv, _dH,, —H,
P9 2-9 ([1] equation 29)

where (as for the TDH):

Po * Pam = Peap

P9 Static pressure head.

v/

29 Dynamic head.

dHo, Pressure loss head.

Hy Total static head.

Hydraulic power supplied to the fluid by the pump (W):

Wh=TDH-p-g-Q

Input mechanical power taken by the pump (W):

Wm

_Wwh
np




Note: Pumping media which are more viscous than water will require a higher input
power.

Electric power absorbed by the electric motor (W):

We

~Wm
nm

Symbols, Definitions, SI Units:

Q
G

D1
D2
A1
Az
Vo
Vi
V2
V3
Re;
Re>
r
ra
fi1
f2
L1
L2
Kf1
Kf2
Ks1
Ks2
Ki
K2
dPOl
dP23
dHoz
dH23
Po
P1
P2
P3
H1

Hs

TDH

Pa‘rm

Volume flow rate (m3/s)

Mass flow rate (kg/s)

Suction piping diameter (m)

Discharge piping diameter (m)

Suction piping cross-sectional area (m?)

Discharge piping cross-sectional area (m?)

Flow velocity of the liquid surface of the suction tank (m/s)
Mean velocity in suction piping (m/s)

Mean velocity in discharge piping (m/s)

Flow velocity of the liquid surface of the discharge tank (m/s)
Reynolds number in suction piping ()

Reynolds number in discharge piping ()

Suction piping absolute roughness (m)

Discharge piping absolute roughness (m)

Darcy friction factor of the suction piping ()

Darcy friction factor of the discharge piping ()

Length of the suction pipe (m)

Length of the discharge pipe (m)

Coefficient of friction resistance of the suction piping ()
Coefficient of friction resistance of the discharge piping ()
Resistance coefficient of the singularities of the suction piping ()
Resistance coefficient of the singularities of the discharge piping ()
Total pressure loss coefficient of the suction piping ()

Total pressure loss coefficient of the discharge piping ()

Total pressure loss of the suction piping (Pa)

Total pressure loss of the discharge piping (Pa)

Total head loss of the suction piping (Pa)

Total head loss of the discharge piping (Pa)

Relative pressure on the surface of the suction tank(Pa)

Total relative pressure at the suction flange (Pa)

Total relative pressure at the discharge flange (Pa)

Relative pressure on the surface of the discharge tank (Pa)
Height difference between the fluid level of the suction tank and the
suction flange (m)

Height difference between the suction flange and the fluid level of the
discharge tank (m)

Pump Total Dynamic Head (m)

Atmospheric pressure (Pa)



Pvap Vapour pressure of liquid at suction flange temperature (Pa)
NPSH. Net Positive Suction Head available of the system (m)

Wh Hydraulic power supplied to the fluid by the pump (W)

np Pump efficiency ()

Wm Input mechanical power taken by the pump (W)

nm Electrical motor efficiency ()

We Electric power absorbed by the electric motor (W)

Fluid density (kg/m?)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (9.80665 m/s?)

o

Validity range:

e turbulent flow regime

Example of application:
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e =iaitatmiLC] e Tank with pipe ending below the fluid level R
Ref.: IAPWS IF97 ELE

Geometric characteristics of the pumping systéme

Temperature : T ljl oC Discharge piping Gage pressure:
Pressure : P 1.013| bar Piping inside diameter: 1] bar

D2 0.0703 m

Piping asbolute roughness:
r2 1.0E-05 m

Density : p 998.2061 kg/m?
Dynamic Viscosity @ L 0.0010015% M.sfm2
Kinematic Viscosity : v L.O0340E-06 m2fs Piping length:

L2 1 m

(®) Density (O Dyn. Vise, () Kin. Visc,
Pressure loss coeffident:

I8
D

2 IR

o

V)

(Turbulent) Discharge head:

o s ]

Flowrate in the dreuit: w

Q w
G

4,9910 kafs

I

Electric pump
gt Pump efficency:

P
Total Dynamic Head

TDOH | 7.215122 | m fluid

080 Motor effidency:

nm

30

Reference plane

Density | ka/m?)

MNPSH available

Calculate NPSH available
Atmospheric Pressure:

a70

Suction head:

(Turbulent)

960

Suction piping Patm 1.01325 bar
m Piping inside diameter:
Gage pressure: ping : Vapor pressure;
s I R l bar 01| 0.0703 = [ auto
10 20 30 40 50 80 70 B0 90 100 Yoo Piping asbolute roughness: Pvap | 0.02339215 | bar
] logy Temperature (°C) | |2, ri 1.0E-05 m MNPSH available
Piping length: MPSHa | 2.00432 | m fluid

Pressure loss coeffident:
Ksl i
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Fluid : | Water @ 1atm [HC] h Tank with pipe ending below the fluid level Geometric data
Ref.: IAPWS IF97
Complementary results
Temperature : T o
Designation Symbol Value Unit
Pressure : P 1.013 bar sssssssses Hectric pump FEEssss
Total gage pressure at the suction flange P1 -0.2063103 bar
Density : 5 98,2061 kgjm? Tfnal gage pressure at the discharge flange P2 0,4999821 bar
Dynamic Viscosity : 1 0.00100159 M.sfm2 Differential pressure at flanges P2-P1 0.7062925 bar
3 3 ) -
Kinematic Viscosity : v L.OD340E-06 m2fs Hydraulic power supplied to the fluid by the pump wh 353.1462 W
Mechanical power supplied to the pump by the electric motor Wm 441.4328 W
(®) Density (O Dyn.visc, () Kin. Visc, Electric power absorbed by the electric motor We 551,791 w
1010 e Adaaana -
j . Total Dynamic Head TOH 7.215122 m fluid
Geodetic head Hgeo 7 m fluid
1000 Total static head Hps 1} m fluid
Velocity head Hdyn 1] m fluid
Head losses Hpdc 0.2151218 m fluid
990
:E‘ Met Positive Suction Head MPSHa 8.00432 m fluid
‘_? Geodetic head Hgeo 2 m fluid
= 980 Total static head Hps 10.11138 m fluid
TE' Velodty head Hdyn 0 m fluid
a Head losses Hpdc 0.1075609 m fluid
970
950 N O S UL ST S
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