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STRATEGY (The rhythm of beating hearts reduces the energy needed to circulate
fluids by reducing the amount of turbulence.)
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(Pump to operate like a heart, however, in both being pulsatile and having
a rest phase, turbulent flow in the pipe became laminar. The result was a
27% reduction in drag and a 9% overall improvement in energy efficiency

over a conventional continuously running pump.)
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In a pipe (like a blood vessel), fluid can flow in one of two general ways. In laminar flow, the
fluid moves smoothly along in an overall straight direction parallel to the direction of the pipe.
In turbulent flow, the fluid moves more chaotically, in many different directions at once. The
more a fluid flows chaotically, the more friction (i.e., drag) it has with itself and with the inner
wall of the pipe it’s moving through, and the more force required to push the fluid through the
pipe. Turbulent flow is the norm in the movement of fluids through human-made pipes, but
laminar flow is the norm in the movement of blood through blood vessels.

Unlike pumps that run continuously, the heart uses a pulsing pattern. It pushes blood out with a
short contraction, and then refills during a short expansion called “diastole.” During this “rest”
period, blood flow from the previous push slows down and any developing turbulence settles.
This creates favorable, calm conditions as the next contraction sends another surge of blood
forward. The alternating pattern enables the heart to maintain laminar flows in the circulatory
system, greatly reducing the force required to move blood through this extensive network of
vessels.

Human-made pumps run continuously while operating. When researchers designed a pump to
operate like a heart, however, in both being pulsatile and having a rest phase, turbulent flow in
the pipe became laminar. The result was a 27% reduction in drag and a 9% overall improvement
in energy efficiency over a conventional continuously running pump.
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“...aortic flow provides an example in which a specific propulsion scheme, consisting of
impulsive bursts separated by quiescent intervals, seems to prevent turbulence despite relatively
large peak velocities.” (Scarselli et al. 2023: 71)

“...we present an alternative approach to turbulence control in which drag reduction is achieved
by means of unsteady, pulsatile driving, specifically mimicking the cardiac cycle...” (Scarselli
etal. 2023: 71)

“Pulsation, therefore, does not necessarily lead to drag reduction, let alone energy saving.
Inspired by the diastolic phase found in aortic flow and the transition delay obtained for the
cardiac waveform, we designed a new cycle in which a region of constant Reynolds number
(rest phase) is inserted that effectively decouples the deceleration from the consecutive
acceleration phase (Fig. 2b). Remarkably, the flow now responds with considerably lower
values of t* during acceleration, as well as during part of the deceleration phase (Fig. 2e). The
peak value of t* is reduced by a factor of two, and in this case, we obtain a net drag reduction of
23% (R =10.23) ... The subsequent rest phase enables turbulence levels to die down and sets a
favorable initial condition for the next acceleration phase.” (Scarselli et al. 2023: 72-73)

“The circulatory system manages to combine flow speeds, significantly exceeding the onset
values of turbulence, with low shear-stress levels. Sufficient flow rates are crucial for a
functioning organism, and the stress levels have to remain tolerable for the endothelial cell layer
of the blood vessels. As we have shown, the waveform of the cardiac cycle is close to the
optimal value to achieve both of these objectives. A rest phase during the cycle is crucial to
diminish wall shear stress, and at the same time, this rest phase has to be optimally timed and
combined with a subsequent rapid flow acceleration to not only reduce the flow drag but also
optimize efficiency and minimize power consumption.” (Scarselli et al. 2023: 74)
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