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Annotation. On this paper was studied the flow part of a high-speed vane pump of a hydraulic 

unit for pumping fuel of a passenger transport aircraft. To solve the task was used a numerical 

method for hydrodynamic modeling. It is described the used mathematical model. The 

obtained pressure and torque graphs on the shaft are given, depending on the feed of the 

centrifugal pump. The obtained data can be used for further design of the hydraulic unit. 

Introduction 

The hydraulic unit operation shown in Figure 1 is as follows: the working fluid under pressure, 

passing through the speed controller (1), enters the discharge cavity of the axial-piston hydraulic 

motor with an inclined disk (2), as a result of which the cylinder block begins to rotate together with 

pistons that perform reciprocating motion relative to the cylinder block. As a result of the rotational 

movement of the block relative to the stationary distributor, the cylinders of hydraulic motors are 

connected periodically with the suction cavity, then with the discharge cavity. 

 

Fig. 1.Diagram of a hydraulic unit for pumping fuel of a passenger transport aircraft 

 

The moment from the pressure forces from the cylinder block is transmitted via a spline connection 

to the shaft, and then through the spline connection it is transmitted to the impeller of a centrifugal 

pump (3). The pump casing is completely filled with liquid, and when the impeller rotates, the liquid 

that is in the channels of the impeller (between its vanes) will be displaced from its center to the 
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periphery under the action of the arising forces. This will lead to the fact that a vacuum is created at 

the entrance to the impeller, and pressure increases on the periphery. With increasing pressure, fluid 

from the pump enters the pressure pipe. And under the action of a vacuum in the suction entrance, the 

liquid enters the pump thought the suction pipe from the feeder tank. Therefore, there is a continuous 

supply of fluid by a centrifugal pump from the suction to the pressure pipe [1]–[9]. 

The Centrifugal Pump Specifications are: Qnomcp=4,5 l/s — nominal flow rate, nnomcp=6650 rpm — 

nominal speed, Hnomcp=11 m — nominal head, pumped liquid-aviation kerosene ТС-1. 

To design the axial-piston hydraulic motor with inclined disk to act as a drive for a vane pump and 

to study the dynamic characteristics of a hydraulic unit, it is necessary to know the characteristics of 

the vane centrifugal pump. To obtain more accurate results, it is advisable to use hydrodynamic 

modeling methods. [10]–[11]. 

Flow mathematical model  

This paper uses a turbulent flow model for an incompressible fluid (ρ=const). The numerical modeling 

is based on the solution of discrete analogues of the basic equations of hydrodynamics. The calculation 

is based on a mathematical model of a divided turbulent flow. The developed pump is used in the fuel 

transfer system of a passenger transport aircraft. It pumps aviation kerosene TS-1. The numerical 

hydrodynamic modeling was performed in the StarCCM + software package [12]–[15]. 

The mathematical model consists of a combination of differential and algebraic equations: 

1)the mass conservation equation for an incompressible fluid (continuity equation): [16]–[20] 

  0div v  (1) 

2)Equations of change in momentum (Navier-Stokes equations averaged by Reynolds): [16]–[20] 
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This system of equations is not closed. For its closure was used the𝑘 − 𝜔𝑆𝑆𝑇3 — semiempirical 

two-equation turbulence model. 

3)The equation of kinetic energy transfer of turbulence:[2]–[9] 

 *· · · · · ·j K K T
j i j

K K K
u P K v v

t x x x

    
     

     

(3) 

4)The transport equation for the turbulence kinetic energy relative dissipation rate:[9]–[15] 
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(4) 

Construction of the predicted characteristic of Hteor (Q) using the jet theory: 

Theoretical head for a finite number of blades:[1] 
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Fig. 2.Flow 3D-model for the centrifugal pump 

 

Fig. 3 Extruder grid 

 

Outlet beam: 

T
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
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Differential pressure on the gap seal:[1] 

Topt h ToptН Н Н   (7) 

Hydraulic loss:[2] 
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We find the predicted characteristic by subtracting from the theoretical pressure head the hydraulic 

losses:(10) 

   hT frHteor Q Н Q   

When constructing the predicted characteristics, an assumption was made about the shockless entry 

of the working fluid into the impeller. [2] 

The magnitude of the flow Ql through the impeller seal near to the optimal regime is taken 

constant. This allows you to find for each point the corresponding value of the pump flow Qp = Q-Ql 

and build its predicted pressure characteristic Hteor (Q) at a given rotational speed of the impeller. [2] 

Calculation results 

 

Fig. 4. Scalar field of the fluid pressure in the pump flow part at optimal operation 

 

Fig. 5.Scalar field of the fluid velocity in the pump flow part at optimal operation 

 

The calculation points were obtained from the STARCCM + software package, according to which 

the graphs of the desired dependencies were plotted in Excel, shown at Fig.6 and 7. 
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Fig. 6. Graph Head vs pump flow 

 

Predictive characteristic of the Hteor (Q) vane pump, obtained using the jet theory; 

1. Characteristic H (Q) of a vane pump obtained by hydrodynamic modeling in the STARCCM + 

software package. 

 

Fig. 7. Graph of the impeller torque based on pump flow 

Conclusions 

The analysis showed the effectiveness of this mathematical model. The calculation showed that the 

characteristic of the impeller pump H (Q) near the optimal operation of the hydraulic unit calculated 

using hydrodynamic modeling tools has a minimum discrepancy with the predicted characteristic 

Hteor (Q), calculated using the jet theory. Also were obtained the results for designing an axial piston 

hydraulic motor with an inclined disk as a vane pump drive and the dynamic characteristics of a 

hydraulic unit. 
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