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
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simultaneous upper chamber chamber and upper chamber
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the product suction and filling displacement of discharge of the
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lower chamber chamber

Rotary pumpsensure agentle fluid transfer with minimum stressor damage to the product.
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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.
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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.
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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#£
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pumps

Case 1: viscosity
nUlmPas

BExample:

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

Step 1:

read speed n [1/min]
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resulting from the diagram: speed n = 380 1/min
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pumps
Step 2: Case 1: viscosity
define viscosity factor nUlmPas
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Viscosity factor V=1.8
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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
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Case 2: Step 2:
viscous product  read speed n [1/min]
n upto 200 mPas
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stated in the diagram: speed n = 300 1/min




Step 3:
define viscosity factor

Fi
W viscosity factfor W W
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stated in the diagram: viscosity factor V=2.0

Positive
displacement
pumps

Case 2:
viscous product
n up to 200 mPas
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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
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Stated in the diagram: n = 220 1/min

Positive
displacement
pumps

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

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

FK
viscosity factor W
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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
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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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How rate Q=20001/h

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

Step 1:
read speed n [1/min] .
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read: speed n = 380 1/min
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Case 1: viscosity
ndlmPas
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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
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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
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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
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Viscosity factor V= 9.0

Positive
displacement
pumps

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



Positive
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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






