
Positive
displacement
pumps

Posit ive displacement pumps are hydrostat ic machines. They operate with a posit ive t ransfer

and should not  work against  a closed system.

All rotary pumps are designed af ter the same principle. Two rotors are arranged on parallel

shaf ts and driven by an external synchronous gear box.

The rotors rotate in opposite direct ions to each other. Small radial and axial clearences assure

that  they have no contact  with each other, or the pump body. The rotors are designed to

form a barrier between the suct ion and pressure side of  the pump in any posit ion. The

sealing is  only maintained by narrow gaps. There are no addit ional seals or valves.

The increasing cavity between the rotors on the suct ion side is f illed with the product . The

product  is displaced in a circumferent ial direct ion and discharged on the pressure side as

the cavity between the rotors is collapsing. This generates a constant  f low f rom the suct ion

to the discharge side of  the pump.

Features and
operating principle of
a positive displace-
ment pump

Rotary pumps ensure a gent le f luid t ransfer with minimum stress or damage to the product .

Operating scheme

Suction and f il ling
of  t he upper
chamber and
simultaneous
displacement  of
the product
present  in t he
lower chamber

Displacement  of
the product
present  in t he
upper chamber
and simultaneous
suction and f il ling
of  t he lower
chamber

Discharge of  t he
product present
in t he upper
chamber and
simultaneous
displacement  of
the product
present  in t he
lower chamber

Displacement  of
the product
present  in t he
upper chamber
and simultaneous
discharge of  t he
product present  in
t he lower
chamber

正位移泵的工作原理与特征
正位移泵是静流体学的机器，它是只能正向传送，不能反向工作的一个封闭系统

所有的转子泵都用同样的原理设计，两个转子在两个平行轴上，用同步的齿轮来驱动

在吸入端转子渐大的孔吸入产品，做圆周运动到压出端时，

两转子之间孔被压扁以压出产品，每次从吸入端到压出端的流量是恒定的

两转子对应旋转极小的轴向与径向间隙保证转子间或与泵身间互不接触

在任何位置转子都是吸入面与压出端间的屏障，通过极小的间隙来维持密封，

不需要另外的密封阀

原理图样

上腔充进产品同时

下腔产品下移
上腔产品位移同时

下腔充满产品

上腔产品放出

下腔产品位移

上腔产品位移

下腔产品放出

转子泵确保轻柔的流体传动，确保最小的压力不损坏产品



Positive
displacement

pumps

With posit ive displacement pumps the f low rate Q is linear dependent  on the pump speed n.

On a test  stand the f low rate is determined for various speeds and total head. In order to

allow a comparison between the various pump designs and types, these tests are always

carried out  with water.

Once the f low rate Q and the  total head H have been determined, a pump speed n that

corresponds to this operat ing point  will result  f rom the diagram.

The posit ive displacement pump is usually operated with a f ixed speed drive. The f low rate is

constant .

The f low rate can be adjusted to the various operat ing condit ions by changing the pump

speed.

The viscosity of  the product  must  be always taken into considerat ion for the design and

select ion of  the pump type.

Fluids with higher viscosit ies require more t ime to enter the displacement chamber. In those

cases the pump speed must  be adjusted accordingly to avoid cavitat ion which reduces the

volumetric ef f iciency and increases the wear. A pump operat ing with cavitation creates a

considerable noise level.

Regardless of  the low clearance between the rotor and the pump body, a slip f rom the

pressure side back  to the suct ion side will be generated when waterlike products are

transfered.

In case of  circumferent ial piston pumps the slip stops at  a product  viscosity of  about

200 mPa s and at  about  500 mPa s in the case of  rotary lobe pumps.

Performance curve
(only for water)

Pump speed

Viscosity

Clearance losses

性能曲线（仅是水） 正位移泵的流量Q与转速成正比

测试中流量被变化的转速与总压头决定，为了方便比较各种泵的性能，测试的流体总是水

一旦流量Q与总压头H被确定，从图表中即能算出相应的转速

正位移泵通常是固定转速的，其流量也是恒定的

泵转速 能通过调整泵的转速来调整流量以适应不同的工作环境

粘度 当设计或选择泵的型号时，产品粘度必须被考虑到。

高粘的度产品需要更多的时间进入位移腔，因此为避免气蚀而导致的容积效率降低

和转子叶轮的磨损，必须调整泵的转速。发生气蚀的泵会产生相当大的噪声水平

间隙损失

在像水样的产品传送中，不管转子与泵身间的 间隙如何小，总会有一部分从压出端流向吸入端。

使扇型转子泵停止间隙倒流的产品粘度大约是200-500mPas



Positive
displacement
pumps

Fristam  supplies two different  positive diplacement pump designs depending on the applica-

tion.

• Fristam  circumferent ial piston pumps FK and FKL

The circumferent ial piston pumps type FK and FKL have a very narrow clearance in the

pump chamber and a gland sealing allover. Due to these design features circumferent ial

piston pumps have an outstanding suct ion performance and are suitable for high

dif ferent ial heads.

• Fristam rotary lobe pumps FL

Due to the gland/line sealing, rotary lobe pumps type FL are mainly used for f looded

suct ion condit ions. They reach slight ly lower dif ferent ial heads than the circumferent ial

piston pumps especially at  low viscous products, but  can run at  higher speeds.

Circumferent ial piston pumps and rotary lobe pumps can be used for hot  products

• up to approx. 90 °C using rotors with standard dimensions

• up to approx. 150 °C using rotors with high temperature dimensions.

They are suitable for automat ic cleaning (CIP process) and sterilisat ion (SIP process).

The pumps can be supplied with horizontal or vert ical ports. Various types of  connect ions

such as f langes, clamps or dif ferent  threads are available.

Designs

Design versions

Fristam提供两种不同的正位移泵来满足需求

Fristam圆周转子泵FK FKL，它在泵腔，转子间只有极小的间隙

因此这些设计保证了卓越的自吸性能，适合不同的高压力

Fristam凸轮转子泵FL

由于盖线密封，FL主要用于淹没式的吸入条件，相对FK尤其是对低粘度产品，FL只有很小的压力损失，

而且能在更高的转速下运转

FK FL可用在温度很高的产品中

高于90度转子使用标准尺寸

高于150度转子使用高温尺寸

设计版本

他们适用自动清洗（CIP处理）和（SIP处理）

产品输入输出口可设计为水平或垂直。端口连接可为法兰，夹头或螺纹连接



Positive
displacement

pumps

The design select ion depends amongst  other:

An addit ional select ion criteria is the dif ference in pressure performance of  the various types.

• Fristam  rotary lobe pumps FL, maximum total head 120 m (12 bar)

• Fristam circumferent ial piston pump FK, maximum total head 200 m (20 bar)

• Fristam circumferent ial piston pump FKL, maximum total head 250 m (25 bar)

The Fristam circumferent ial piston pumps are manufactured with very close clearances. Thus

they can generate a small vacuum in the suct ion pipeline. Due to the atmospheric pressure

or system pressure the product  is forced into the pump chambers.

Selection of design

Circumferential piston
pumps FK, FKL

�选型 他们之间的选择主要是

是否要自吸

还可以根据不同的压力来选择

FL最大压头120m

FK最大压头200m

FKL最大压头250m

Fristam圆周转子泵有非常精细的间隙。这样他们在吸入管中产生一个小真空

圆周转子泵FK FKL

由于大气压力或系统压力，产品就被推入泵腔内



Positive
displacement
pumps

Example:

Flow rate Q = 3000 l/h

Total head H = 120 m

Pump to be used for products with dif ferent  viscosit ies.

FK pump basic select ion diagram

for case 1: water

case 2: 10 mPa s  selected: FK 40

case 3: 10,000 mPa s≠

Type selection举例

流量

总压头

选型

泵用来泵送不同粘度的产品

FK泵基本选型表



Positive
displacement

pumps

Example:

Q = 3000 l/h

H = 120 m ∪ p = 12 bar

η = 1 mPa s

Step 1:

read speed n [1/min]

result ing f rom the diagram: speed n = 380 1/min

Case 1: viscosity
η ∪ 1 mPa s

举例

粘度η=1mPas

步骤1：读出转速N

从表中得出转速N



Positive
displacement
pumps

Step 2:

def ine viscosity factor

Viscosity factor V = 1.8

Case 1: viscosity
η ∪ 1 mPa s

步骤2；定出粘度系数

粘度系数V=1.8



Positive
displacement

pumps

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 = f low rate/revolut ion [l/rev.]

Example:

Case 1: viscosity
η ∪ 1 mPa s

步骤3：计算泵所需的功率

压力

粘度系数

转速 由图表所定

流量/每转



Positive
displacement
pumps

Example:

Q = 3000 l/h

H = 120 m ∪ p = 12 bar

η = 10 mPa s

Step 1:

speed correct ion

stated in the diagram: p = 3.8 bar.

Def ine now the speed required for the corrected pressure.

Case 2:
viscous product
η up to 200 mPa s

修正转速

依据表格：P=3.8BAR

从修正的压力中读出转速

当粘度为1-200压力的函数值

举例：当H=12bar η= 10 mPa s时导致泵的转速为3.8 bar



Positive
displacement

pumps

Step 2:

read speed n [1/min]

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

Case 2:
viscous product

η up to 200 mPa s
读出转速

从图表中得出转速



Positive
displacement
pumps

Step 3:

def ine viscosity factor

stated in the diagram: viscosity factor V = 2.0

Case 2:
viscous product
η up to 200 mPa s

定义粘度系数

从表中得出粘度系数



Positive
displacement

pumps

Step 3:

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

N =
(2  p +  V)  n  C 

1000
× × ×

p = pressure in bar ∪ H/10

V = viscosity factor

n = speed with H = 38 m

C = f low rate/revolut ion [l/rev.]

Example :

Case 2:
viscous product

η up to 200 mPa s

计算电机功率选出马达

粘度系数

压力

当H=38M的转速

流量/每转



Positive
displacement
pumps

Example:

Q = 3000 l/h

H = 120 m ∪ p = 12 bar

η = 10,000 mPa s

Step 1:

read speed with H = 0, η > 200 mPa s

Stated in the diagram: n = 220 1/min

Case 3:
viscous product
η = 200–100,000 mPa s

举例

步骤1：读出在H=0，η>200mPas转速

从表中得出转速



Positive
displacement

pumps

Step 2:

read viscosity factor V .

stated in the diagram: V = 9.0

Case 3:
viscous product

η = 200–100,000 mPa s

步骤2：读出粘度系数V

从表中得出V=9.0



Positive
displacement
pumps

Step 3:

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

N =
(2  p +  V)  n  C 

1000
× × ×

p = pressure [bar] ∪ H/10

V = viscosity factor

n = speed [1/min], stated in the diagram

C = f low rate/revolut ion [l/rev.]

Example:

Case 3:
viscous product
η = 200–100,000 mPa s

步骤3：计算电机功率选择马达

压力（BAR）=H/10

粘度系数

转速 从表中得出

流量/每转



Positive
displacement

pumps

Example:

Flow rate Q = 2000 l/h

Total head H = 60 m

Pump to be used for products with dif ferent  viscosit ies.

for case number 1: water

case number 2: 10 mPa s  selected: FL 75 L

case number 3: 10,000 mPa s ≠

Rotary lobe pump FL

Selection

凸轮转子泵FL

举例

总压头  H=60M

流量Q=2000L/H

选型 泵应用于不同粘度的产品



Positive
displacement
pumps

Flow rate Q = 2000 l/h

Total head H = 60 m

η = 1 mPa s (water).

Step 1:

read speed n [1/min] .

read: speed n = 380 1/min

Case 1: viscosity
η ∪ 1 mPa s

流量`

总压头

读取转速

读出转速N=380



Positive
displacement

pumps

Step 2:

def ine viscosity factor

stated in the diagram: viscosity factor V = 1.8

Case 1: viscosity
η ∪ 1 mPa s

定义粘度系数

根据表定义粘度系数V=1.8



Positive
displacement
pumps

Step 3:

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

N =
(2  p +  V)  n  C 

1000
× × ×

p = pressure in bar ∪ H/10

V = viscosity factor

n = speed with H = 0

C = f low rate/revolut ion [l/rev.]

Example:

Case 1: viscosity
η ∪ 1 mPa s

计算出功率N选择马达

压力（BAR）=H/10

粘度系数

当H=60时的转速

流量/每转



Positive
displacement

pumps

Flow rate Q = 2000 l/h

Total head H = 60 m

Viscosity η = 10 mPa s

Step 1:

def ine correct ion for the speed

H = 60 m ∪ 6 bar

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

Case 2:
viscous product

η up to 500 mPa s

流量Q=2000L/H

总压头H=60M

粘度10MPAS

定义修正的转速

压力修正表

当粘度为1-500时的压力函数值

在H=33M时读出转速

 
举例：H= 6 barη= 10 mPa s

读出转速3.3 bar



Positive
displacement
pumps

Step 2:

read speed at  H = 33 m (∪ 3.3 bar)

read: speed n = 300 1/min

Case 2:
viscous product
η up to 500 mPa s

读出H=33M时的转速

读出转速N=300



Positive
displacement

pumps

Step 3:

def ine viscosity factor

stated in the diagram: viscosity factor V = 2.0

Case 2:
viscous product

η up to 500 mPa s

定义粘度系数

根据表得出粘度系数V=2.0



Positive
displacement
pumps

Step 4:

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

N =
(2  p +  V)  n  C 

1000
× × ×

p = pressure in bar ∪ H/10

V = viscosity factor

n = speed at   H = 0

C = f low rate/revolut ion [l/rev.]

Example :

Case 2:
viscous product
η up to 500 mPa s

计算电机功率选择马达

压力

粘度系数

从表中选出的转速

流量/每转



Positive
displacement

pumps

Flow rate Q = 2000 l/h

Total head H = 60 m (∪ 6 bar)

viscosity η = 10,000 mPa s

Step 1:

read speed at  H = 0 m, as η > 500 mPa s

read: n = 90 1/min

Case 3:
viscous product

η = 500–100,000 mPa s

流量Q=2000

总压头H=60

粘度系数10000

 当粘度系数> 500 mPa s读出H=0的转速



Positive
displacement
pumps

Step 2:

def ine viscosity factor

Viscosity factor V = 9.0

Case 3:
viscous product
η = 500–100,000 mPa s

定义粘度系数

FL粘度系数V

粘度系数V=9.0



Positive
displacement

pumps

Step 3:

calculate absorbed power N [kW].

N =
(2  p +  V)  n  C 

1000
× × ×

p = pressure in bar ∪ H/10

V = viscosity factor

n = speed at  H = 0

C = f low rate/revolut ion [l/rev.]

Example :

Case 3:
viscous product

η = 500–100,000 mPa s

计算出功率N

压力

粘度系数

当H=0的转速

流量/每转




