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Pump technology
terms

For better understanding of the following chapters, we firstly will define and explain the
technical termsrelating to pump technology used in this brochure. The reader will find
these termsin alphabetical order in the index. Measures and conversion formulae are
summarised in atable.

How rate [m=/h] The flow rate isthe effective volume flowing per unit of time through the discharge
connection of a pump.

In order to optimize the pump design, the flow rate must be accurately determined.

Total head [m]  Thetotal head isthe effective mechanical energy transferred by a pump to the fluid asa
function of the weight force of the fluid.

The total head results asfollows:

H:ngo-I-HV-‘-p ] E

It consists of:

+ thedifference in height to over-
come between the suction side and
the discharge side of an installation.
Hy= Hypeo £ H

dgeo — © 'sgeo

Pumip head H

Hieo

+ thefriction lossresulting from pipe
walls, fittings and valves within the
plant.

Hv = HVS+HVd

 the pressure difference
P=Pyt P

Power consumption The power consumption isthe total energy transferred by the pump to the discharge flow.



Looking at two parallel plateswith the surface A and the distance y, displaced against each
other asaresult of aforce F = with avelocity v, aforce F_ . opposesto thisdisplace-

ment and increases with increasing dynamic viscosity of the medium between the two
plates.
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The ratio of Fto A iscalled shear stress T.
F

T =—

h

The shear stress T increases in proportion to the shear velocity D and the dynamic
viscosity n.

T=D=7

The ratio of v to y is defined as shear velocity D.

D=t
3

Thusthe resulting dynamic viscosity n:

T
=g

Pump technology
terms

dynamic viscosity n



Pump technology
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Thus, the dynamic viscosity ) isa characteristic parameter of the fluid concerned and
depends on the temperature. Therefore the viscosity is always indicated together with the
corresponding temperature.

How behaviour of Ideal viscous flow behaviour:
fluids
Huidswith an ideal viscous flow behaviour are called Newtonian fluids. They are viscous
fluidswith linear molecules. They show a proportional flow behaviour.

|7
-

viscosity

Typical Newtonian fluids are:

P water, salad oil, milk, sugar
shear stress solutions, honey.




Pump technology
terms

Pseudoplastic flow behaviour:

The flow behaviour of fluids dependson their physicochemical properties. Adding a filling
agent to a pure solvent, will increase the viscosity and change the flow behaviour.

With increasing shear stress, in general the viscosity of highly molecular productsin
solutions and meltstendsto decrease.

Such a flow behaviour is called pseudoplastic.

e
!

wigcosity

p Examples of pseudoplastic flow behaviour:
shear stress condensed milk, orange juice

Irreversible flow behaviour:

Huids deformed under applied shear stressin a way that the structure after the destructive
phase (shear time) can not be restored show an irreversible flow behaviour.

The result isa permanent, shear time dependent change of viscosity.
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wigcosity

Example for irreversible flow behaviour:

shear tirme—m —rest time ——»
Yoghurt
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Types of flow Depending on the Reynolds number, the flow passing through a pipe shows specific, typical
flow patternswith different physical properties.

In this context the generation of a laminar or turbulent flow isof particular concern.

Laminar flow  In case of alaminar flow, the particles move in a streamline form and parallely to the pipe
axiswithout being mixed.

—

The roughness of the inside wall of pipes hasno effect on the friction loss.
You will find a laminar flow mainly with high viscousfluids.
The loss of head changes linearly with the flow velocity.

Turbulent flow  In case of aturbulent or vortical flow the particles are mixed because of the movement
along the pipe axis and an additional, transverse movement..
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The roughness of the pipe inside has great effect on the friction loss.

Turbulent flows are mainly found with water or fluids smilar to water.

The losson pump head varies by square of the flow velocity.

The Reynolds number describesthe correlation between the flow velocity v, the viscosity n
and the inner diameter of the pipe d.

The Reynolds number hasno dimension.

Ra= ¥ wdiw p

f
How velocity v [m/q]
Viscosity n [Pasg|
Inner pipe diameter d, [mm]
Density p [kg/dm=]

With a Reynolds number of 2320 the laminar flow passesto a turbulent flow.
Laminar flow < Re, . = 2320 < turbulent flow

Example:

In one second, 2 litres of acetic acid passes through a pipe with a nominal bore of 50 mm.
The acetic acid has a kinematic viscosity of n = 1.21 mPas= 0.00121 Pa s

and a density of 1.04 kg/dm=.

Isthe flow laminar or turbulent?

The average flow velocity amountsto:

2 % 1000 Ql/s]

o
g xa  50% xam 102 m/= d [mm]
F]

. v [m/g]

B0

W=

Pump technology
terms

Reynolds number



Pump technology
terms

Thusthe calculated Reynolds number is:

vedep _ T « 50 =704

Fe =
1 0.007121

= 43634

The Reynolds number exceeds the critical Reynolds number Re, ,=2320. The flow is turbu-
lent.

NPSH value [m]  NPSH isthe abbreviation for Net Positive Suction Head

Besides the flow rate Q and the pump head H, the NPSH value is one of the most important
characteristic parameter of a centrifugal pump.

NPSH value of the  The NPSH value of the pump depends on the design and speed of the pump. The higher the
pump speed of the pump, the higher the NPSH value will be.
The NPSH value is measured on a pump test stand and cannot be modified without sup-
plementary means.

NPSH value of the  The NPSH value of the plant depends on the loss of head including the losses in fittings
plant and apparatusin the line of the plant, and should be always checked by calculation.

p.= pressure at the inlet cross section of the plant [bar]
p,= pressure at the outlet cross section of the plant [bar]

p,= vapour pressure of the fluid at the middle
of the suction connection of the pump [bar]

p,= air pressure at the installation site of the pump
[bar] E
H, = lossof head of the suction line, from the inlet F
cross section of the plant to the inlet cross P
i kvl
section of the pump [m] —
Hyeo = geodetic suction height (negative, in case of § T
. = sl
flooded suction) [m] z E
p=  density of the fluid [kg/m=] 2 g
v, = inlet flow velocity [m/s] * 1 ¥ 2
NPsH= BEZ P i P | YOS e Hus 2
pxg 2g Pr T
M v -
= z
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In order to ensure a correct operation of the pump the following condition must be given:

NPSH > NPSH

plant pump

Boiling fluidswith a velocity up to 0,3 m/sare a special case.

2
Inthiscase: p_= p,; as Vzig and H, ¢ become negligible resulting in:

NPSH, . = H

plant - sgeo



Loss of head
calculation

Loss of head in
straight pipe runs

Already during design of the plant and piping layout in front of and behind the pump,
losses can be limited when considering:

+ the pipe diameter is sufficiently dimensioned,
o lessfittingsare used,

« fittingswith low friction loss are selected,

+ short pipe runsare planned.

The diagram showsthe loss of head for straight pipe runsasa function of a pipe length of
100 m and a given flow velocity v depending on the flow rate and the pipe diameter.

m
100 m
R A AT —
_\_Li e i rd =] I I
@ ?'ﬁ-:ﬁ'_ .-qrh"“‘“ =T ;: :Eé- ‘;z i - féq l -
T A Tl 1 2 o
. AR TR PR
rob L TH / ?( g Y S ARy :i.g”z\
e s s i e i e 2
E - - i e rd = _%- f.l‘ k
- o, o N
T s T {uﬁfgm v =35
™t ™ ""'\-\.\_L -]
5.0
o P LA TR A EN
B T f s - T/ 21T
¢ DHIANZNA IS e J T
E < 5 s = .f'J Hﬁrﬂ& H
o R =] o 7] &
8 0.5 7 ] I =
- 17 = L Rf?{lﬂ,g I - T
0,02 ] H?{Q_q ?ﬁ\ ™ [
b ?{\ :"{‘- X ]
o T18s ;f\ -~ | [T [
- 5
[INIE :
] -\-\'\"\-\_\_
|
0,02 I ™
[~
0,01 1
03 z 4 10 z 4 10 2 rm¥h

>

oy rafe &



Example:

How rate Q=25m=/h
Pipe diameter d =50 mm
From the diagram results:

How velocity v=35m/s

Loss of head H, = 35 m/100 m

The loss of head in fittings can be determined almost exactly when using adequate pipe
lengths.

The loss of head in afitting is considered equal to a straight pipe with corresponding
length.

This calculation isvalid only for water and fluids similar to water.
With the same diameter of pipes and fittingswe can simplify the calculation.

Equivalent pipe lengthsin meter for fittings
(valid for Re 0 100,000 and roughness k (1 0.04 mm)

Diarreter DM [rmrd 25 40 50 65 &0 100 125 150
Standam valve 21 | 46 | 75 | 1o | 140 | zo0 ]| zen | 370
Free-flow vake of oo [ 12 18 [ 1a [ 22 | 2a | 37
a0 yalve 32 | 50| 72 |1oo | 1so|i17o 230 | 510
Elbowy o =4 xd 05 | o6 | o7 Joa |12 [ 15 | 19 | 23
Elbowr 9 B=3 2 d a7 | oo [ 14 |14 [ 17 [ 22 | 28| 35
Tee Hiffuzion) 16 | 20 | 25 33 | 40 | 42 | 57 | 6&
Tee [junction) 20| 26 | 32 ]| 44 | 52 | 75 | 100 ] 130

Loss of head
calculation

Loss of head caused
by fittings



Loss of head
calculation

Example: EE;JI - | 20
How rate Q=25m=/h

Sraight pipe length 1 =150 m I=150m

Diameter DN = 50 mm | Un=almm

Bbow 90° 4 pieces }_N_PBD" [0°
Free-flow valves 2 pieces

from diagram (page 16): v=35m/s

H, = 35 m/100 m pipe length

from table:
equivalent pipe length 4 elbows: lyong = 1.1 04 =4.4m
equivalent pipe length 2 free-flow valves: lyge=1202=24m
straight pipe length: | ipe = 150.0m
total pipe length |,y = 156.8 M

loss of head:

H o

Hagw wHy i Dy

=£:-: 182 =E2m
100

with laminar flow (high viscosities) the loss of head Ap, can be calculated using the

Hagen- Poiseuille formula:

v, =Q/A[m/g]
n [Pas=kg/m g

I__II_lll_'.'l-l}'{SE3:";1_'|.‘--::I
BT e | [m]

d [m]

H, 0 10 o Ap, Ap, [bar]



Oncetherequired total head hasbeen calculated, the pump type can be selected and the
required pump can be sized by means of the Fristam pump curves.

The viscosity of the fluid is
an important parameter
for the pump selection

and leads usto the right = 10Ul a8 viscosity v = 1000 mPa g
decision. inmPas
Fristam centrifugal purmps Fristam positive displacement pumps

Fristam centrifugal pumpsare equipped with open impellerswhich are suitable for the
transfer of liquidswith viscositiesup to 1000 mPa s.

Centrifugal pumpshave the following features:

» pulsation freetransfer without alteration of flow rate and total head.
* high reliability in operation due to low number of moving parts.

* high operating speed, directly coupled to high-speed electric motors.
» gmall dimensionsand therefore low space requirement.

* low operating costs.

» excellent performance control by speed adjustment.

Fristam positive displacement pumps

Usually it isrecommended to use positive displacement pumpsfor low flow ratesand high
pressures. BEven though the viscosity of the fluid would not requireitsuse, because a
centrifugal pump would work under these conditionswith a very low efficiency rate.

Note:

In the following chaptersthe various pump types, centrifugal and positive displacement are
described with tipsfor the correct selection of the pump size. Each general pump type
description isfollowed by a section dealing with the correct use of the pump curves pro-
vided.

Pump type
selection

Pump type selection



Centrifugal pumps

Features of the Centrifugal pumps are fluid- kinetic machines designed for power increase within a rotating
centrifugal pump impeller. Therefore it isalso called the hydrodynamic pumping principle.

According to this principle, the fluid is accelerated through the impeller. In the outlet
connection of the centrifugal pump, the resulting increase in speed is converted into
delivery head.

Q/H curve In centrifugal pumpsthe delivery head H depends on the flow rate Q. Thisrelationship, also
called pump performance, isillustrated by curves.

H During a bench test, the pump isoperated at constant speed and the valuesQ and H are
determined for the various operating points. In order to allow a comparison between the
rea various pump typesthese measurements are carried out using only water asliquid. With

calculated operating peint
operating point

o these operating pointsa Q/H curve be drawn connecting the pointson the graph.

@
&

5

Oncethe flow rate Qisdefined and the delivery head H is calculated, the operating point
of the plant can be determined. Usually the operating point isnot on the Q/H curve of the
pump. Depending on the required delivery head, the centrifugal pump will find its operat-
ing point when the plant curve and pump curve meet. The flow rate rises from Q, to Q,.

Q1 Qz Q



Centrifugal pumps

The required operating point is obtained by adapting the pump to the specified operating
conditions.

This can be done by the following actions:
« throttling the flow
» correcting the diameter of the impeller

* Adjusting the speed of the drive

Partially closing a throttle valve or mounting an orifice plate into the discharge pipe of the Throttling the flow
pump will increase the pressure drop. The plant curve is shifted.

The operating point Bl (intersection point between pump curve and plant curve) moves on H
the pump curve to B2.

Note: throttling reducesthe overall efficiency.

i_ -
Athrottle control or a mounted orifice plate isthe less expensive control regarding the £ Plart curve
investment expenses. In case of significant power requirement, an economic appraisal is i
highly recommended. ' “
The friction lossin an orifice plate can be calculated easly: Orifice plate
calculation

- Pz -z p[kg/m=]

A py n'_f,:-:2 vi© % 10 v, (/g
Ap, [bar]
F




Centrifugal pumps

Correction of the
impeller diameter

H,y for Dy .

plant curve

—»] static he\ghl|<7

See the values { stated in the table below.

Aperture @tio m= @dDE Resktance value £
005 =]
oA 250
0z =0
] 20
04 4
Calculation:

+ takethe figure stated in the table for d, see table  ,calculate Ap, .
+ if Ap,variesfrom the required value, take new value for d and calculate once more Ap, .

A correction of the impeller diameter isto be favoured when a permanent reduction of
flow rate or differential head isrequired. The performance of the pump isadjusted towards
the duty point by reducing the impeller diameter.

The operating point is shifted from B1 to B2. Thisis the point where the new pump curve
meetsthe plant curve.

The required impeller diameter can be determined easily using following formulae:

N = power consumtion
D = impeller diameter
Q= flow rate
H = total head

Note: the efficiency of the pump decreases with increasing correction.



A great number of various operating points can be set continuousy, when modifying the
pump speed using a variable speed drive or frequency inverter. The operating point moves
on the pump curve from Bto B2.

Considering the overall efficiency, thisisthe best way of flow control. Using a variable-
speed drive or a frequency inverter additional costs can arise and should be evaluated in an
economic appraisal.

The flow rate changeslinearly to the speed.

The total head changes with the square of
Speed.

The power consumption changes with the
third power of the speed.

In the case of pumps connected in parallel the fluid flows are added with corresponding
delivery head. This applies to pumps even with different Q/H curve.

Centrifugal pumps

Pump speed control

plant cunie

—»|static helght’d—

Parallely connected
pumps

H..(@)
H.(@ Ha{Q)

—»| otatic heing’d—



Centrifugal pumps

Pumps connected in

series
H [
“\ H o0
v
H.+H 1 ‘% curve
H, \‘—---.._\ \\
RN\
1 N HiT)
W
¥ Q
Cavitation

A multistage centrifugal pump performsas single stage pumps connected in series.

Note:

A stationary pump in a system creates a considerable pressure drop. Therefore it is
recommendable to install a by pass around pumpswhich are connected in series.

The overall performance curve of centrifugal pumps connected in series can be calculated
by adding the differential head of each pump at the relevant flow rate .

Cavitation can be recognised by a strongly increased noise level of the pump with a
smultaneousreduced flow rate.

What causes cavitation in centrifugal pumps?

The lowest pressure point in a pump occurs at the inlet of the pump impeller. Due to local
pressure reduction part of the fluid may evaporate generating small vapour bubbles. These
bubbles are carried along by the fluid and implode instantly when they get into areas of
higher pressure. These implosions can create local pressure peaks up to 100.000 bar.

If a pump is cavitating over longer periods, the impeller, the pump housing and cover will
wear out. The surface istypically perforated and pitted.



How to avoid cavitation?
We should ensure that at all pointsof the pump, the fluid pressure is higher than the
vapour pressure at the corresponding temperature. Take the pressure stated in the vapour-

pressure-table of the product to be transfered.

The NPSH value of the plant must be at least 0.5 m higher than the NPSH value of the
pump.

For a safe and cavitation free operation the following formular is valid:
NPSH . > NPSH, +05m

The vapour pressure of the product is dependent on the temperature and will rise with
increasing temperature.

If the product is pumped at different temperaturesthe maximum vapour pressure should
be used to determine the NPSH value of the plant.

Centrifugal pumps

Vapour pressure



Centrifugal pumps

Centrifugal pump
types

The Fristam centrifugal pump range consists of following pump types:

Fristam centrifugal pump FP

The design principle of the Fistam centrifugal pump FP with open impeller and
optimised volute guarantees shear sensitive handling of and minimum heat transfer to
the product. Viscosities up to 1000 mPa are no problem. The fluid may contain air or gas,
may be homogeneous or contain additives. Low NPSH values make it possible to use the
pump also under unfavourable conditions. The Fristam centrifugal pump FPis designed
asa pump for flooded suction and fully suitable for CIP and SIP application.

Fristam multistage centrifugal pump FM

The centrifugal pump FM isdesigned as a multistage pump especially developed for high
delivery heads. The centrifugal pump BM can be used for difficult pressure conditions
such asfeed pump for filters, heat exchangersand fillers, aswell asfor recirculation and
asbooster pump in membrane filtration and reverse osmosis plants.

Fristam self-priming centrifugal pump FZ

The centrifugal pump FZworks on the water ring- side channel principle. Impellers with
radial bladestransfer the pressure energy to the liquid. Close clearances make it possible
to obtain an excellent suction performance. Thusit is possible to pump gaseous prod-
uctsand to deaerate the suction line. Thisensures also an optimum drain of the plant..



Centrifugal pumps

Selection criteria

|z & zelf-priming
purmp required ?

Fristam centrifugal pumps Fristam =ef-priming centrifugal purnps
FP and FIM FZ
Tetal head
=100 m
Fristam centrifugal pumps Fristam multiztage centrifugal pumps
FP F i

The selection between the pump types FP and PV also depends on the required flow rate.



Centrifugal pumps

Centrifugal pump FP

Size selection

Selecting the correct size

Example:

How rate Q,=90m=/h
Total head H,=75m
Step 1:

Select the pump size.

FP sizes
H [m]
120 |
110
100 i
o I, . — i T
i 1252
7 i
0
7h .-' —
o L I r ]
- | 3580 i
55
E 7o E
45 J.f h—.—
40
3539 2T | )
a5 i 1 ]
» a0 \F
n '\< 2142
= M, 2500 W, \
N N
229 [\ \ <’ 1232
] 7z Loy /\/,
Ty
T B — —— 2412 N\
"'\{ R
3402 '\ /}’
—_— |
1 -
=
1~
h“'\-\-._k_,f
5
" L'y 50w PR N U . . . L N M o
o ,\Q - - "qﬁd\"* '\"'ﬁhxm"m

Selected pump size: FP 3552

2 [rn ]



Centrifugal pumps

Step 2: Centrifugal pump FP
Enter the operating point of your plant into the pump diagram. performance diagram

If the duty point isnot exactly on the pump curve, the performance of the pump can be
adjusted by throttling the flow, reducing the impeller diameter or adjusting the output

speed of the drive. (see page 21-23)

FP 3552

H Irn|

hPSH

(]
10

& [m*h]

[oe]
on
(=)

Impeller diameter resulting from the diagram = 230 mm



Centrifugal pumps

Power consumption  Step 3:
of the pump Find the power consumption of the pump at the point in the diagram where the power
curve of the impeller used meets the design flow rate.

Select the motor with the next higher power rating.

M (K]

&0 H

st g
40 ~ iﬂﬂjﬂ:
-
. ?f;;
“ - B gﬂjﬁﬂj'
" g }"
™
5
&[]

o 1n 30 | 100 150 200 230

Power consumption according to the diagram: N =26 kW
selected motor: 30.0 kW

pump efficiency  Step 4:
Check the efficiency

Q[m=/h]
n = QxHxp H [m]
T T a7 «w N N [kw]
367 < N p [kg/dm=]
n = M pwater:]_kg/dm::
367 x 26
=07 = 70%



Centrifugal pumps

Step 5: Check NPSH value
Check if NPSH > NPSH,,

plant

L
m_m | My &0 %5 MESH
‘J A o
5% 0
‘~""!—!""II %’!Eu
f ) . &
|
1
2208 280 ﬁlmﬁ :
20 et @ 250
SEEEEEN ‘
. Q@ [mih]
o 10 & 160 160 Eor Y 950

Resulting NPSH value of the pump from the diagram = 2.4 m



Centrifugal pumps

Self- priming
centrifugal pump FZ

/1|

7

f "1
T

Size selection

Selecting the correct size

Example:

How rate Q,=30m=/h
Total head H=24m
Step 1:

select the pump size whose curve is above to the operating point of the plant.

FZ sizes

Hm.

S0

/
L
TN

_\_\-‘_‘—\—\_
™
prs

//

20

AN
N

W

Selected pump size: FZ 22

2

2U

S [M¥h



Centrifugal pumps

H I Power consumption
of the pump
41
o
e
-‘Hh
30 K_‘
L rnirirnurn flkowe rote
& iyt
d: 1*\
a0
.
N
.
10
2
& [/
1] 2 10 an 30 40 a0
Note:

The performance of FZ pumps can be adjusted to the required operating point only by
throttling the flow (see page 21/22) or variation of the speed (see page 23). It isnot
possible to modify the impeller diameter.



Centrifugal pumps

Multistage
centrifugal pump FM

Step 2:
Find the power consumption of the pump at the point in the diagramm where the power
curve meetsthe design flow rate. Select the motor with the next higher power rating.

B[R]

10 -y

[y
Y
O EEF e
-"h-
3 S
-hq
1
€t [rm/h]

0oz 10 20 @ 40 50

From the diagram: N = 6.7 kW, selected motor: 7.5 kW

The selection is carried out the same way as single- stage centrifugal pumps FP are selected
(See page 28).



Positive
displacement
pumps

Positive displacement pumpsare hydrostatic machines. They operate with a positive transfer Features and

and should not work against a closed system. operating principle of
apositive displace-
All rotary pumpsare designed after the same principle. Two rotorsare arranged on parallel ment pump

shaftsand driven by an external synchronous gear box.

Therotorsrotate in opposite directionsto each other. Small radial and axial clearences assure
that they have no contact with each other, or the pump body. The rotorsare designed to
form a barrier between the suction and pressure side of the pump in any position. The
sealing is only maintained by narrow gaps. There are no additional sealsor valves.

The increasing cavity between the rotorson the suction sideisfilled with the product. The
product isdisplaced in a circumferential direction and discharged on the pressure side as
the cavity between the rotorsis collapsing. Thisgeneratesa constant flow from the suction

to the discharge side of the pump.

Operating scheme

Suction and filling Displacement of Discharge of the Displacement of
of the upper the product product present the product
chamber and present in the in the upper present in the
simultaneous upper chamber chamber and upper chamber
displacement of and smultaneous simultaneous and smultaneous
the product suction and filling displacement of discharge of the
present in the of the lower the product product present in
lower chamber chamber present in the the lower

lower chamber chamber

Rotary pumpsensure agentle fluid transfer with minimum stressor damage to the product.
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Positive
displacement
pumps

Performance curve
(only for water)

O

N N\
\\\\

A A
%
e

T ¥

Y

100 200 300 Maon a00 n

Pump speed

Viscosity

Clearance losses

With positive displacement pumpsthe flow rate Qislinear dependent on the pump speed n.

On atest stand the flow rateisdetermined for various speedsand total head. In order to
allow a comparison between the various pump designsand types, these testsare always
carried out with water.

Oncetheflow rate Qand the total head H have been determined, a pump speed n that
correspondsto thisoperating point will result from the diagram.

The positive displacement pump isusually operated with afixed speed drive. The flow rate is
constant.

The flow rate can be adjusted to the various operating conditions by changing the pump
speed.

The viscosity of the product must be alwaystaken into consideration for the design and
selection of the pump type.

Huidswith higher viscositiesrequire more timeto enter the displacement chamber. In those
cases the pump speed must be adjusted accordingly to avoid cavitation which reducesthe
volumetric efficiency and increasesthe wear. A pump operating with cavitation createsa
considerable noise level.

Regardless of the low clearance between the rotor and the pump body, a dip from the
pressure side back to the suction side will be generated when waterlike productsare
transfered.

In case of circumferential piston pumpsthe dip stopsat a product viscosity of about
200 mPa sand at about 500 mPa sin the case of rotary lobe pumps.



Positive
displacement
pumps

Fristam suppliestwo different positive diplacement pump designs depending on the applica- Designs
tion.

* Fistam circumferential piston pumpsFK and FKL
The circumferential piston pumpstype FK and FKL have a very narrow clearancein the
pump chamber and a gland sealing allover. Due to these design features circumferential
piston pumps have an outstanding suction performance and are suitable for high
differential heads.

e Fristam rotary lobe pumps FL
Dueto the gland/line sealing, rotary lobe pumpstype A are mainly used for flooded
suction conditions. They reach dightly lower differential headsthan the circumferential @
piston pumps especially at low viscous products, but can run at higher speeds.

Gircumferential piston pumps and rotary lobe pumps can be used for hot products Design versions
e upto approx. 90 °Cusing rotors with standard dimensions
e uptoapprox. 150 °Cusing rotors with high temperature dimensions.

They are suitable for automatic cleaning (CIP process) and sterilisation (SIP process).

The pumps can be supplied with horizontal or vertical ports. Varioustypes of connections
such asflanges, clampsor different threadsare available.



Positive
displacement
pumps

Selection of design

Circumferential piston
pumps K, FKL

The design selection depends amongst other:

no |z & =ef-priming YEE
pump required?

Friztam rotary lobe pump Frisiam circumferential piston pump
FL FK: FKL

An additional selection criteriaisthe difference in pressure performance of the varioustypes.

* Fristam rotary lobe pumpsFL, maximum total head 120 m (12 bar)
* Fristam circumferential piston pump FK, maximum total head 200 m (20 bar)
* Fristam circumferential piston pump FKL, maximum total head 250 m (25 bar)

The Fristam circumferential piston pumpsare manufactured with very close clearances. Thus
they can generate a small vacuum in the suction pipeline. Due to the atmospheric pressure
or system pressure the product isforced into the pump chambers.




Example:
How rate Q=230001/h
Total head H=120m

Pump to be used for productswith different viscosities.

K pump basic selection diagram
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for case 1: water
case 2: 10 mPa s Dselected: FK 40
case 3: 10,000 mPa S#£

Positive
displacement
pumps

Type selection




Positive
displacement
pumps

Case 1: viscosity
nUlmPas

BExample:

Q=3000I/h
H=120m O p=12bar
n=1mPas

Step 1:

read speed n [1/min]

=il

FE 40

12 0

1 0o

10 000

a0

L

00

GO0

SO0

4000

20

1000

] 500 BOC  n [nin
280

resulting from the diagram: speed n = 380 1/min



Positive

displacement
pumps
Step 2: Case 1: viscosity
define viscosity factor nUlmPas

FK
W viscosity factor V W

/
/
/r
e
..-""""_'
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o T — —T T — ——rr T — T T — ——r T — ——
1 3 10 50 100 00 1000 000 10000 50000 100000
A viscosity » mPa s

Viscosity factor V=1.8



Positive
displacement
pumps

Case 1: viscosity
nUlmPas

Step 3:
Calculate the power N [kW] required for the pump drive.

p = pressure [bar]

V = viscosity factor

n = speed [1/min], stated in the diagram
C=flow ratef/revolution [l/rev]

R 25 2520 4 40/ 45 42 11

50j75

C 0,07 0,11 0,26 0,26 o7 1.1

1,27

N = [2 » 12 + 1.68% » 360 » D.26

BExample:
1000

= 25kW




Example:

Q= 3000 I/h
H=120m Op=12bar
n =10 mPas

Step 1:
speed correction

oar Fressure correction diagram

FIK 256 - B0/75
with viscosities of 1-200 mPog
o o function of the presurs

Excirnpole:
120m~12 bar, viscosity of 10 mPos
recd pump speed of 2.8 ba

stated in the diagram: p = 3.8 bar.

Define now the speed required for the corrected pressure.

Positive
displacement
pumps

Case 2:
viscous product
n up to 200 mPa s




Positive
displacement
pumps

Case 2: Step 2:
viscous product  read speed n [1/min]
n upto 200 mPas

F 40
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stated in the diagram: speed n = 300 1/min




Step 3:
define viscosity factor

Fi
W viscosity factfor W W

/I/
: d :
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e
" T s T T s i Tsoo 1000 " Tsoon 10000 " 50000 100 000
+ vis Cosity . mMPas

stated in the diagram: viscosity factor V=2.0

Positive
displacement
pumps

Case 2:
viscous product
n up to 200 mPas



Positive
displacement
pumps

Case 2:
viscous product
n upto 200 mPas

Step 3:

Calculate power consumption N [kW] to select the pump drive.

N_(2><p+V)><n><C

1000

p = pressurein bar 00 H/10

V = viscosity factor

n = speed with H=38 m

C=flow ratef/revolution [l/rev]

R 25 25{20 4] 40/ 45 o2 50 5075
C 0.07 011 0.26 0.26 0.7 1.1 1.27
Example:
o[22 12425 %300 % 026 _ oo,

1000




Bxample:

Q=3000 I/h
H=120m O p =12 bar
n = 10,000 mPas

Step 1:
read speed with H= 0, N > 200 mPa's

Fk. 40

=l n

e

GO0k

SO0

400

000

200

100

Stated in the diagram: n = 220 1/min

Positive
displacement
pumps

Case 3:
viscous product
n = 200-100,000 mPa s




Positive
displacement
pumps

Case 3: Step 2:
viscous product  read viscosity factor V.
n = 200-100,000 mPa s

FK
viscosity factor W

0 T T T TTTT T T

1 k) 1

stated in the diagram: V=9.0
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Step 3:
Calculate the absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressure [bar] O H/10

V = viscosity factor

n = speed [1/min], stated in the diagram
C=flow ratef/revolution [l/rev]

Bxample:

2k {2 4 9.0) x 220 » D26

: 1000

= 1.9KW

Positive
displacement
pumps

Case 3:
viscous product
n = 200-100,000 mPa s



Positive
displacement
pumps

Rotary lobe pump FL

Example:
How rate Q=20001I/h
Total head H=60m

Selection Pump to be used for productswith different viscosities.

FL - basic selection diagram
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for case number 1: water

case number 2: 10 mPas |:|se|ected: FL75L
case number 3: 10,000 mPa s Z



How rate Q=20001/h

Total head H=60m
n =1 mPas(water).

Step 1:
read speed n [1/min] .

O 0

FL 78

&3 0000

2= 00

2 00d

20 000

19 00

15 000

17 000
16 000

15 000

14 000

135 000

12 00

L
P

11 000

10 000

9 0o

& oo
T oo

& 000

5000

4 000 ot

S e

read: speed n = 380 1/min

G0

T0C n O fmin.

Positive
displacement
pumps

Case 1: viscosity
ndlmPas

L
®



Positive
displacement
pumps

Case 1: viscosity
nUlmPas

Step 2:
define viscosity factor

FL
W viscoeity factar v W

1 3 10 a0 100 00 1000 000 10000 0000 100 000

A vECCEITY 7 MPAs

stated in the diagram: viscosity factor V= 1.8



Step 3:

Calculate the absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressurein bar [0 H/10

V = viscosity factor

n=speed withH=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0oL 1205 120L
C 0106 0152 0222 0.2239 0.63 1.07 1.20 254
Bxample:
2x6+ 1B x 360 » 0.369
M = [ ’ = 2.04 kw

1000

Positive
displacement
pumps

Case 1: viscosity
nUlmPas



Positive

displacement
pumps
Case 2: How rate Q=2000 I/h
viscous product  Total head H=60m
nupto500 mPas  Viscosty n =10 mPas

Step 1:
define correction for the speed

@ H=60m [ 6 bar

@ bar Pressure correction diagram
127

™ FL B5-130
with viscostties of 1-800 mAc s
et ¢ function of the pressure

Exarmpe
6o Vo asity of 10mPas
rexd purnpspeed of 3.3 bor

7

(&
A

W/

mPa s
500

L1

=
=
=

5

read speed at H= 33 m (equal to p = 3.3 bar)



Step 2:
read speed at H= 33 m (O 3.3 bar)

FL #al

0 100 200 3 ﬁgt 500 BOC T n[dan;

read: speed n = 300 1/min

Positive
displacement
pumps

Case 2:
viscous product
n up to 500 mPa s



Positive
displacement
pumps

Case 2:
viscous product
n upto 500 mPas

Sep3:
define viscosity factor

FL
W vigooaty factory W

///
g / g
/
]
/.f"
| "]
e
0 T — T T — T T — —r — T — T
1 3 10 a0 100 300 1000 000 10000 500000 100 000
4 viscosihy » mMPas

stated in the diagram: viscosity factor V=2.0



Step 4:
Calculate absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressurein bar [0 H/10

V = viscosity factor
n=speedat H=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0oL 1205 120L
C 0106 0152 0222 0.2239 0.63 1.07 1.20 254
Bxample:

N_fExE+E}KSDDxD.SBE

= 1.683 kKW
1000

Positive
displacement
pumps

Case 2:
viscous product
n up to 500 mPa s



Positive

displacement
pumps
Case 3: How rate Q=2000 I/h
viscous product  Total head H=60m (O 6 bar)
n = 500-100,000 mPa's  viscosity n = 10,000 mPa's

Step 1:
read speed at H=0m, asn > 500 mPa s

FL FEL

C 10c 200 o 400 s0C &0 P00 n[l drain

read: n =90 1/min



Step 2:
define viscosity factor

FL
W viscoeity factor v W

0 T T T TTTT T T TT 7T T T

TTTT T L TTTT T
1 a 1 all L) ol juin pL LTI IR TL ]

T T TTTT
LRI NTTRTIT]

visCCsity 5 MPas

Viscosity factor V= 9.0

Positive
displacement
pumps

Case 3:
viscous product
n = 500-100,000 mPa s



Positive

displacement
pumps

Case 3:
viscous product
n = 500-100,000 mPa s

Step 3:
calculate absorbed power N [kW].

N_(2><p+V)><n><C
1000

p = pressurein bar 00 H/10

V = viscosity factor
n=speedat H=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0L 1205 120L
C 0.106 0152 0222 0.2%39 0.53 1.07 1.20 2.549
Example:

(2 xE+8)x 080« 0389

= 074 KW
1000




Mechanical sealsare devicesto seal machinesbetween rotating parts(shafts), and stationary
parts (pump housing).

There are two types of mechanical seals:
 single mechanical seals
» double mechanical seals

Mechanical seals consist of two surfaceswhich dide against each other The surfacesare
pressed together by a spring. Between these two surfacesa fluid film isgenerated by the
pumped product.

Thisfluid film preventsthat the mechanical seal touchesthe stationary ring. The absence of

thisfluid film will result in frictional heat and the destruction of the mechanical seal (dry run
of the pump).

Spring Rotating ring Stationary ring

RN " e

ﬁ

-
- A

7 .

]

Mechanical seal
selection

Mechanical seal

Single mechanical
seals



Mechanical seal
selection

Double mechanical
seals

The spring isin the product. The product pressure actsadditional to the spring on the
rotating seal part.

Therefore standard mechanical sealsare used only for a pressure up to 10 bar. For higher
pressures, balanced mechanical seals are used.

In thiscase two mechanical sealsare arranged in series. The inboard or, “primary seal” keeps
the product in the pump housing. The outboard or, “secondary seal” prevents leakage of the
flush liquid into the atmoshere.

The double mechanical seals can be provided by Fistam in two different arrangements:
» Backto Back
+ Faceto Face

These mechanical seal arrangementsare used,

+ if afluid product leakage needsto be avoided,

» when aggressive media are used or at high pressuresand temperatures,

+ for many polymerising, sticky media and media which tend to sedimentation,
+ for vacuum applications.



Mechanical seal

selection
Two rotating seal ringsare arranged facing away from each other “Back to Back”. The “Back to Back”
lubricating film isgenerated by the barrier fluid. arrangement

The barrier pressure in the case of a “Back to Back” arrangement should be 1.5 up to 2.0 bar
above the product pressurein the seal area.

Stationary Rotating ring Stationary
ring ring

7 |

//‘a:

77

Spring

Mechanical sealswith a “Back to Back” arrangement are mainly used in the chemical
industry. In case of aleakage, the barrier liquid penetratesthe product.



Mechanical seal
selection

“Face to Face” The spring loaded rotary seal facesare arranged face to face and dide from the opposite
arrangement direction to oneor two stationary seal part(s).

Stationary
seal ring

Spring Rotating seal ring

The mechanical sealswith a "Face to Face" arrangement are often used in the food industry
in particular for productswhich tend to stick and for vacuum applications. The barrier

pressuresare very low (0.2 bar). In the case of leakage the product penetratesthe barrier
liquid.

In the case of hot productsthe barrier liquid also actsasa cooling agent for the mechanical seal.



Fristam hasmany yearsof experience in the manufacture of mechanical sealsand isableto
provide the best mechanical seal for any application.

Standard mechanical sealsin conformity with DIN 24 960 can be mounted without prob-

lems.

Maleral

1. Carbons
#ynithetic esin,
irnpreg nated

z. Melak
Chrormiv mn -Mickel -
by bdenurr

3. Meial carbides
3.1 Tungsten carbide

32 Silion carbide

4. Cemnmis

Properties

Good antifictional pmoperties, high termpe mtue
stahility. Chernical stability & 1o ba tested.

Good cherrical stability,

Lo therre | conduct trity, but high bamdness and wear
MEesista nee,

Ham ress greater thanwith tungsten carbide,
outsanding chernical stz bil iy, good antifrictional
prope rties and thermel conduct iity, but wery brittle,

Highquality alurniniurn ceide, high wear esistance,
good chernical stability, low themmal conductivity,
sere itive 1o themal s hocks

Mechanical seal
selection

Mechanical seal
designs

Seal face materials



Mechanical seal
selection

BElastomers Material Range of Properties
Emperatues

1. Nitnke =30 up to+ 100 Resistant to water, vapour, rirem | and
wegetable shortening (af] and ails, aleokol, zalt
solutions, Mot esidznt to amonatic and
chlorine kyd mocarbone, acids and alkaline
salutiore.

2 EPFDIM -Soupto+ 150 Good themal propeties, can be used for
alkokalic solutiors, diluted acids and
concentrated allaline solutions, Mot ezista ot o
rnire @l and vegetabke shortaning [fat] ard oik,
and kyd moca rbore .

3 Viton [RKM -25 upto+ 20070 Good themnal esitivity, water msitant, w@pour
resistant, s Etanee o mireml ard wegetable
fat and oik, 1o akohal, toacid: ard alkaline
solutions, sk solutions, Mot Esisant 1o
ketone: suchas acetone and ester,

4 PTH —20upto+ 20000 Best chernical and themmal esistivity o all
aggressie liquids, eksticity ercured thmough
uze of Witon-caou tchoue or EP- core material.



Thetransfer of hygienic, high quality productsrequiresa clean pump. Therefore at the end
of aproduction processthe pumpsmust be cleaned immediately. The plant needsto be
clean and free from germsbefore starting a new production cycle.

Cleaning isthe operation to remove all tracesof product from the plant. A properly cleaned
surface isfree from visible, perceptible or chemically detectable dirt deposits (residue).

The standard cleaning processfor plantsisthe CIP - (Cleaning in Place). Thisimplies clean-
ing without dismantling of the plant by meansof CIPfluids.

In the food industry a CIP processrequiresthe following steps:
 preliminary rinsing with water

» flushing with alkaline solution

* intermediate rinsing with water

 flushing with acid

* rinsing with clean water

To clean the unit efficiently aturbulent flow of the CIPfluid isrequired. A minimum flow
velocity in pipesisusually 2 m/s.

Viscousfluidsare often transferred by positive displacement pumpsat low flow velocities. In
order to obtain the flow rate required for CIPit may be necessary to fit an additional clean-
ing pump such asa centrifugal pump.

Fristam pumpsare fully CIP capable. They are characterised by:
» welded and ground joints

» round edges and angles

* smooth joining

* no narrow gaps and dead legs

o O-ringsimmersed in the pump housing

* smooth, nonporousinternalswith a high surface finish

Pump cleaning

Cleaning

CIP

CIP plant cleaning

CIP compatible design



Pump cleaning

SIP After CIP cleaning an additional sterilisation in place process (SIP) may be required when
highly sensitive productsare handled, inactivating any micro- organisms which might be till
present in the pump.

The sterilisation can be carried out by meansof chemicals, hot water or steam. In the dairy
industry the sterilisation temperature isapproximately 145° C.



Termr Sy kol Unit used in Cokerernt unit
practice
Flow rate ¥ relh [’k
Tota | head H ri m
M P=H 3l hF=H i I
Poser oors u rmption h (A Mrrys
Purnp eff iciency 1 Sl -
Spead n 1frmin 1)z
Presum p Pa e
Dereity p kajdrE kalrE
Fluid floww vekoe ity y s rrfs
Local grvitationa | accek mtion g rifs= rifsz
Used indices: geo = total discharge head

S =suction side

D =discharge side

E =inlet crosssection

A = discharge cross section

V  =loss
Termr L nit
Frezump Pazical Fa, 100 kFa=1 kar
Tota| head e ter 1 =04 kar
Dy nzrnic Hisooe ity mfa 1mPaz=1¢ck

*) valid only for water

Units of measure
and conversion

Units of measure

Conversion
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Worldwide Contacts

Germany

Fristam Pumpen

F. Stamp KG (GmbH & Co)
Postfach 80 08 80
21008 Hamburg

Tel.: (0) 40/7 25 56-0
Fax: (0) 40/7 25 56-166
eMail:info@fristam.de

The address of our
branches are listed under:
www.fristam.de
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Fristam N.V.
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Pompes Fristam S.N.C.
Noisy-le-Sec
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Fristam Pumps (UK)
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