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Pumps: experimental setup
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Valves: experimental setup
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Vane Pumps 

Vane dynamic 
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Vane Pumps 

Vane dynamic 

𝐹𝑡 = 𝐹𝑝 + 𝐹𝑐 + 𝐹𝑓

The contact force for each vane can be evaluated using the following equation:

Where:

• 𝐹𝑝 = 𝑝𝑟,𝑢𝑣 ∙ 𝐴𝑢𝑣 − 𝑝𝑟,𝑡𝑣 ∙ 𝐴𝑡𝑣

• 𝐹𝑐 = 𝑚𝑣 ∙ 𝜔2 𝜌 −
𝑙𝑣

2
The vector ray 𝜌 is: 𝜌 = 𝑒2 + 𝑅𝑆

2 + 𝑒𝑅𝑠 cos 𝜑 + 𝛿
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Vane Pumps 

Vane dynamic 
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Vane Pumps 

Chamber filling

80

85

90

95

100

105

110

260 270 280 290 300 310 320 330 340 350 360

In
st

an
ta

n
e

o
u

s 
Fl

o
w

 [L
/m

in
]

Angle [deg]

Pump - No Vane Dyn. Pump - Vane Dyn. Pump - Vane Dyn. - One Suction

10



June 4th, 2019Fluid Power Research Group

Numerical and experimental analyses of vane and piston pumps

Vane Pumps 

Chamber filling

0

100

200

300

400

500

600

700

800

900

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 45 90 135 180 225 270 315 360

d
en

si
ty

 [
kg

/m
3

]

To
ta

l g
as

 v
ol

um
e 

fr
ac

ti
on

 [
-]

MC angle [deg]

Pump - Two Suctions Pump - One Suction Pump - Two Suctions (Density) Pump - One Suction (Density)

11



June 4th, 2019Fluid Power Research Group

Numerical and experimental analyses of vane and piston pumps

Different vane types:

Hydrodynamic Load Capacity

Vane Pumps: Future Works 

Vane tip profile 
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• Each control volume CV has homogeneous properties, such as pressure and temperature;

• CV is a capacitive element, it calculates the pressure as function of the net ingoing flow rate;

• CVs are connected by resistive components (variable orifices), calculating flow rate as function of the pressure

drop.

𝑑𝑝𝑖
𝑑𝑡

=
𝛽

𝑉𝑖
𝑄𝑖 − 𝑄𝑠𝑠𝑖 − 𝑄𝑝𝑠𝑖 − 𝑄𝑝𝑐𝑖 − 𝑄𝑣𝑝𝑖 −

𝑑𝑉𝑖
𝑑𝑡

Control volume
QpciQpsiQssi

Qvpi

pi

Swash
plate

Slipper Piston Cylinder
Block

Valve 
Plate

) (
) (

Low Pressure 
source

High Pressure 
source

𝑄𝐻𝑃𝑖 = 𝑐𝑑𝐴𝐻𝑃𝑖
2 𝑝𝑖 − 𝑝𝐻𝑃

𝜌

𝑄𝐿𝑃𝑖 = 𝑐𝑑𝐴𝐿𝑃𝑖
2 𝑝𝑖 − 𝑝𝐿𝑃

𝜌

𝑄𝑖 = 𝑄𝐿𝑃𝑖 + 𝑄𝐻𝑃𝑖

Lumped parameter – Control volume approach

• The approach is consisting of two simulations:

1. Valve plate Design, where the valve plate sectional areas are evaluated: the outputs of this model

(tables) become inputs for the following model;

2. Vectorial piston pump, modeled according to the CV approach

Piston Pumps 
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Kidney 

Supercomponent

Groove 

Supercomponent

The model has two main supercomponents:

• Groove SC, to evaluate the slots;

• Kidney SC, to evaluate the kidneys opening areas.

1 – Valve plate design model
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Real Parameters:

1. Pitch radius

2. Barrel footprint angular extension

3. Barrel slot radius

4. Kidney radius

5. Kidney opening angle

6. Kidney closing angle

1. Pitch radius

2. Barrel footprint angular extension

3. Barrel slot radius

4. Hole radius

5. Hole opening angle

6. Hole closing angle

7. Slot starting height

8. Slot slope

9. Slot angle design (triangular slot)

1 – Valve plate design model

Piston Pumps 
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1 – Valve plate design model
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Slot area: the slope angle is considered

1 – Valve plate design model

Kidney area and its limit (barrel footprint area):

Piston Pumps 
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1 – Valve plate design model
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1 – Valve plate design model

Example of modeling:

Piston Pumps 
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Displacement chambers

Pressure and volumes

Swashplate dynamics

Forces and torques

Valveplate passageway

Area and hydraulic diam Dh

Volumetric 

losses

2 – Lumped parameter CV approach
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The approach is validated comparing the

results with a CFD simulation:

Here is showed a comparison on a pressure

ripple:

Pressure monitoring point (CFD3D)

Approach validation 

Piston Pumps 
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