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                    Abstract
To meet the requirements of fuel pumps with high efficiency, high power density, and low flow ripple for modern advanced aircraft, we hereby propose a two-dimensional piston pump (called 2D pump). A single piston with both rotary and linear motions is used to combine the flow distributing and volumetric varying functions together. The leakage spots are reduced to the clearance between the piston and the cylinder. As the radial force of the piston is balanced, a small piston clearance is selected to reduce leakage. Furthermore, a 2D tandem pump formed by two 2D pump units connected in series was introduced to eliminate the geometric flow ripple. The flow ripple characteristics were studied through analytical techniques, CFD numerical methods, and experiments. The results show that the flow ripple of 2D pump obtained by the measured pressure wave is 6.3%, while the pump has a high volumetric efficiency of up to 96% within a speed range of 1000–8000 r/min, indicating that reducing the leakage increases the average actual flow and reduces the flow ripple. Therefore, the proposed 2D pump is suitable for modern advanced aircraft.
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                    A
                    d
                  :
	
                    Flow area of the discharge port

                  
	
                    A
                    l3
                  :
	
                    Flow area of the leakage flow through distributing window

                  
	
                    A
                    p
                  :
	
                    Flow area of the outlet port in the pump

                  
	
                    A
                    r
                  :
	
                    Flow area of the throttle valve

                  
	
                    B
                  :
	
                    Width of sealing belt

                  
	
                    C
                    d
                  :
	
                    Flow coefficient of the discharge port

                  
	
                    C
                    r
                  :
	
                    Flow coefficient of the throttle valve

                  
	
                    C
                    l3
                  :
	
                    Flow coefficient of leakage flow through distributing window

                  
	
                    C
                    p
                  :
	
                    Flow coefficient of the outlet port in pump

                  
	
                    D
                  :
	
                    Diameter of the piston

                  
	
                    d
                  :
	
                    Diameter of the piston rod

                  
	
                    d
                    H
                  :
	
                    Hydraulic diameter

                  
	
                    F
                    h
                  :
	
                    Hydrostatic force of the piston

                  
	
                    h
                  :
	
                    Stroke of the piston

                  
	
                    h
                    q
                  :
	
                    Instantaneous displacement of the piston

                  
	
                    K
                    
                      e
                    
                  :
	
                    Bulk modulus

                  
	
                    L
                  :
	
                    Axial length of the piston

                  
	
                    L
                    0
                  :
	
                    Thickness of the concentric ring

                  
	
                    L
                    1
                  :
	
                    Axial clearance between the two piston chambers

                  
	
                    L
                    2
                  :
	
                    Axial length of the distributing window

                  
	
                    n
                  :
	
                    Rotational speed of the pump

                  
	
                    P
                  :
	
                    Pressure of the fluid

                  
	
                    p
                    0
                  :
	
                    Ambient pressure

                  
	
                    p
                    q
                  :
	
                    Pressure in the piston chamber

                  
	
                    p
                    h
                  :
	
                    Pressure in the discharge port

                  
	
                    p
                    t
                  :
	
                    Pressure of the tank

                  
	∆p
                           :
	
                    Differential pressure between the two piston chambers

                  
	∆p
                              1
                           :
	
                    Differential pressure between the left and right sides of the outlet port

                  
	Σq
                           :
	
                    Variation of flow

                  
	
                    q
                    d
                  :
	
                    Actual flow

                  
	
                    q
                    l
                  :
	
                    Leakage flow

                  
	
                    q
                    l1
                  :
	
                    Leakage flow through the gap between the concentric ring and the piston

                  
	
                    q
                    l2
                  :
	
                    Leakage flow through the gap between the cylinder and the piston

                  
	
                    q
                    l3
                  :
	
                    Leakage flow through the distributing window

                  
	
                    q
                    
                      i
                    
                  :
	
                    Discharge flow of the pump unit i

                  
	
                    Q
                    p
                  :
	
                    Discharge flow of the pump

                  
	Re:
	
                    Reynolds number

                  
	
                    R
                  :
	
                    Radius of the piston

                  
	
                    S
                  :
	
                    Cross-sectional area of the piston

                  
	
                    t
                  :
	
                    Time

                  
	
                    t
                    0
                  :
	
                    Time when the flow rate changes

                  
	
                    V
                  :
	
                    Displacement of the 2D pump

                  
	
                    V
                    q
                  :
	
                    Instantaneous volume of the piston chamber

                  
	
                    V
                    t
                  :
	
                    Instantaneous volume of the discharge chamber

                  
	
                              υ
                              1, υ
                              11, υ
                              12
                           :
	
                    Axial speed of the piston

                  
	
                    δ
                  :
	
                    Gap between the cylinder and the piston

                  
	
                    μ
                  :
	
                    Fluid viscosity
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