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Hydroﬁics & Radiant

The Vascular Home: Why the Future of
Hydronics Has No Straight Lines

For a century, we’ve fought friction with horsepower. New “‘biomimetic” research suggests that to
break the efficiency wall, we must abandon the 90-degree elbow and start plumbing like nature.

Steven Onofua

Key Highlights Every veteran hydronic professional is familiar with the
sensation of entering a true “masterpiece” of a mechan-
- Traditional hydronic piping relies on right angles, ical room. It is a triumph of industrial geometry: rigid
which create turbulence, pressure drops, and noise, ~ copper lines running in perfect parallel, laser-straight
reducing system efficiency runs of PEX being clipped to unistrut, and the gleaming

repetition of 90-degree elbows. We consider this sym-
metry to be a badge of craftsmanship. We take photos of
it. We post it on social media. We judge our peers by the
straightness of their lines.

- Constructal Law explains how nature evolves flow
systems toward paths of least resistance, inspiring
biomimetic design in hydronics

+ Advances in 3D printing and Al-driven topology

optimization enable the creation of organic, vas- But physics has another perspective on it. Physics does

cular-like components that drastically improve flow ot perceive that wall of right angles to be art but sees it
and heat transfer as a “parasitic load.”
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For decades, the hydronics industry has been battling a
war against friction, and the way it typically resolves this
is with more horsepower. We accept that all hard turns in
a piping system lead to turbulence, pressure drop (head
loss), and noise. We have designed our systems accord-
ing to the limitations of manufacturing—because itis
easier to extrude straight pipe and cast T-fittings—not
according to the laws of fluid dynamics. We make water
go around corners it doesn’t want to go around.

But nature has been moving fluids for 400 million years
(blood in veins, sap in trees, water in river deltas), and not
once has it employed a 90-degree turn.

We have hit the limit of what is possible in terms of com-
bustion efficiency; modern condensing boilers are push-
ing 98% AFUE. We are following dwindling returns on the
heat source. The next major step in hydronic efficiency
will not be from a superior fire. It will come from giving up
“industrial geometry” in favor of the physics of life.

The Tyranny of the Right Angle

In order to understand why the future is curved, we must
first understand the violence of the right angle. When
water flowing at 4 feet per second hits the hard 90-de-
gree elbow, it doesn’t just turn; rather, it crashes.

The liquid moves away from the inside wall, forming a
low-pressure eddy, a “dead zone” of swirling turbulence.
This limits the effective diameter of the pipe, there-

by increasing the velocity of the remaining water and
resulting in an increase of the friction head. This is why
we are forced to do complicated “equivalent length”
calculations when sizing pumps. A single elbow isn't just
an elbow; in terms of friction, it’s actually 2 to 5 feet of
straight pipe.

We have been dealing with this friction with electricity
for a century. We install huge pumps called circulators to
push the water around the obstacles that we put in their
path. But what if there was no obstacle?

The Science of Flow: The Concept of
Constructal Law

The roadmap for this transition is in the work of Profes-
sor Adrian Bejan at Duke University, who is the father of
Constructal Law.

While the concept sounds academic, the principle is intu-

itive to anyone that has seen rain run down a windshield.
Bejan’s law states, “For a finite-size system to persistin
time (to live), it must evolve in such a way that it provides
easier access to the imposed currents that flow through
it.”

In trade terms, nature is always evolving towards the
path of least resistance.

A river doesn’t strike a hard 90-degree turn; it branch-
es into a delta in order to slow down and spread water
efficiently across a plain. A human lung branches out into
progressively smaller and smaller airways (bronchioles)
in order to provide as much surface area as possible
without compromising on the pressure. This is not acci-
dental. It is the mathematical optimization of flow.

Historically, mechanical contractors could not pipe like
this. You can’t so easily cast a bronchial tube-like or root
system-like bronze fitting. We were stuck with the T-fit-
ting, the elbow, and the manifold bar because they were
buildable, and not because they were efficient.

But that manufacturing barrier has finally been broken.
When Piping Mimics Biology

The advent of Topology Optimization (Al-driven design
software) and Additive Manufacturing (3D printing) has
brought biomimetic design from the fields of theoretical
physics to the supply house. We can now print manifolds,
heat exchangers, and impellers with a reduced resem-
blance to industrial machinery and more like coral reefs.

The efficiency gains are not marginal, but exponential.

Researchers at the University of lllinois Grainger College
of Engineering recently used 3D printing to fabricate
“power-dense” heat exchangers using these organic
geometries. By simply letting the shape of the structure
emulate biological forms, they maximized the flow chan-
nels inside the structure to minimize drag and maximize
heat transfer.

The result? They gained a 2000% increase in perfor-
mance density when compared to traditional shell-and-
tube designs.

Let that number sink in. Thisisn't a 5% gain in AFUE. This
is a basic recasting of the question of the amount of heat
we are able to move through a given volume of space.
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According to in-depth reviews by the National Insti-
tutes of Health (NIH) on structures inspired by nature,
the secret lies in the maintenance of laminar flow. In a
standard hydronic loop, a circulator pump works against
the “minor losses” of each and every single fitting in the
loop, creating a flow that is turbulent and chaotic. In a
biomimetic system, the water flows through gradual
curves and tapering diameters. It maintains velocity with
a fraction of the input energy, which helps to neutralize
the friction, which is the bane of traditional piping.

The “Vascular Node”: Reshaping the Mechani-
cal Room

What does this then mean for the physical installation? It
means that it is the end of the manifold as we know it.

Presently, a radiant floor manifold consists of a heavy
copper or stainless steel bar with welded tees. The water
enters at high speed and slams into the end cap and

is distributed into the loops in a turbulent manner. It is
functional but crude.

In the not-so-distant future, this will be replaced by a
single, 3D-printed “vascular node.”

Imagine a component that enters as a 1-inch pipe and
splits into ten V4-inch loops, not by hard tees, but through
smooth organic branches that look like the arteries leav-
ing the human heart. The branching angles are designed
by the computer algorithm specifically to equalize the
pressure across all the zones without having to balance
valves.

The implications for system components are huge. Be-
cause of the extremely reduced “head loss” (resistance)
in these designs, the massive circulator pumps that we
currently install are overkill. We may be able to watch the
transition to tiny, low-voltage smart pumps that move
water silently so there’s no turbulence noise to create the
callbacks that we all know in high-end residential work.

The Install Revolution

For the contractor, this is not merely high-minded phys-
ics—itis a pragmatic labor solution.

The trade is currently suffering an enormous shortage of
skilled labor. We simply do not have enough apprentices
learning the art of soldering perfect, plumb, near-boiler
piping. A workaround is in biomimetic hydronics.

Consider the amount of time that it takes to construct
a complex primary/secondary piping array: measuring,
cutting, reaming, fluxing, and soldering 50+ joints. Now,
imagine that we can install one pre-printed “vascular
block” to connect the boiler with the distribution loops.

The result is a drastic reduction in labor hours—it can
be 75% faster install times and a 90% reduction of leak
points. The less of the cutting and soldering we do, the
less we leak.

Furthermore, this shifts the process of design. We are
heading towards Generative Design. Instead of a human
drawing lines on a blueprint, a contractor will plug the
heat load and the room dimensions into a software plat-
form. The software will “grow” the piping layout, optimiz-
ing the curves for the particular flow rate required, and
send the file to a printer.

The Organic Plumber

We have spent the last century perfecting the machine.
We have made the flame as efficient as it is possible
physically. We have made the envelope airtight by insula-
tion. The only waste left that needs to be reduced is the
friction in the pipe.

The adoption of Constructal Law means a maturity in the
trade. It is the realization that we don’t have to conquer
water; we need to facilitate it.

The hydronic professional of the future will not look so
much like a pipefitter but more like a cardiologist. We will
be the custodians of a living, circulating system, install-
ing “vascular” components that will respect, for the first
time, the laws of physics. We will exchange our right an-
gles for curves, our turbulence for silence, and our brute
force for flow.

The 90-degree elbow had a decent run. It built the mod-

ern world. But if we want to develop the efficient world
of tomorrow, it'’s time to go with the flow.
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Steven Onofua is a mechanical and construction trades tech-
nical writer and researcher. With an emphasis on the inter-
section of building codes, public safety, and business strate-
8y, he turns complex regulatory data into actionable insights
for contractors. For over three years he has been covering
the industrial sector. Contact him at mktg1875@gmail.com.
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