
Why Your Morning Coffee Is One of the Universe’s Greatest Trolls 
 

Okay, picture this. You’re half-asleep, spoon lazily swirling milk into your coffee. One second it’s a gentle little 

vortex. The next? Total chaos. Little white tendrils explode, tiny eddies spin turning the whole cup into a miniature 

hurricane. You didn’t change a thing. The laws of physics didn’t suddenly glitch. Yet what you’re watching is 

precisely why physicists still lose sleep at night. 

 

Same story on a bigger scale: wind rushing over an airplane wing, river water curling around a rock, smoke curling 

off a bonfire. Orderly motion one moment, absolute madness the next. We call this turbulence, and it’s not just 

“messy.” It’s the universe reminding us that even with perfect equations, perfect predictability is a lie. That’s the 

great problem of turbulence. Not “find the missing equation.” Not “make computers smarter.” It’s the cheeky gap 

between deterministic laws that should let us predict everything… and the reality, that laughs in our face with 

sudden, violent bursts of humiliation (Yes, I really wrote “humiliation” there — the Dunning-Kruger Effect is 

strong with this one.) And at the heart of that chaos? Intermittency— those rare, savage spikes of activity that make 

90 % of your day to be proud off the while everything else fall aparts. 

 

I. The Recipe That Should Work… But Doesn’t 

Fluids obey the Navier-Stokes equations. In plain English, it can be explained like this: pressure pushes, viscosity 

smooths things out, and outside forces simply yank everything around. Here’s the beast in all its glory (for 

incompressible flow, because we’re keeping it simple): 
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(That nonlinear term (u⋅∇)u is the troublemaker. It’s basically the math saying “big swirls make little swirls make 

even littler swirls.”) 

 

Give it initial conditions and boundaries, and in theory the future is locked in. In practice? Good luck. The equation 

is still missing a million-dollar Clay Prize proof that smooth solutions always exist in 3D. (Charles Fefferman has 

been politely waiting since 2006.) The Reynolds number Re = UL/ν tells us when this nonlinearity really bites. In 

your coffee cup Re is only about 10³–10⁴—big number. On an airplane wing it’s 10⁷—even bigger number. The 

equations stay the same; the behaviour does not. I stared at this equation for way too long one night and genuinely 

felt personally offended by mathematics. One number changes everything from “cute swirl” to “absolute mayhem.” 

Literally. 

 

II. Classical Theory vs The Intermittency  

In 1941, Andrey Kolmogorov looked at all this madness and said: “Nah, it’s actually pretty chill.” His theory: 

energy cascades smoothly from big eddies → little eddies → tiny eddies, at a constant rate. Small-scale stuff 

should look statistically the same everywhere. Nice, clean, universal scaling laws. It worked shockingly well for 

averages. But turbulence doesn’t do averages. It does “intermittency.” 

 

Real measurements and insane-resolution simulations show energy dissipation isn’t steady. It explodes in thin 

filaments and sheets — tiny regions of absolute fury that punch way above their weight. The statistics? Fat-tailed, 

non-Gaussian, full-on “rare but brutal” events.  

 

One of Kolmogorov’s most famous exact results is the −4/5 law for the third-order longitudinal structure function 

in the inertial range: 
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where 𝑆3(𝑟) is the third-order structure function, δu is the velocity increment over separation r, and ε is the mean 

energy dissipation rate. This is not an approximation or a fit to data — it is an exact result derived directly from the 

Navier-Stokes equations under the assumptions of local isotropy and large Reynolds number. For decades it was 

one of the very few rock-solid predictions in turbulence theory. It proves that energy is transferred down the 

cascade at a constant rate ε. Until real measurements showed that intermittency makes the higher-order moments 

deviate from this perfect scaling. 

Kolmogorov 1941: ‘This is fine” 
Nice Gaussian curve (Kolmogorov’s dream).   

 

 

 

 

 

 

 

 

Reality: 

 

 

 

 

 

 

 

 

 

 

Recent 2026 simulations by Dhawal Buaria et al. push Taylor-scale Reynolds number Re_λ all the way to 1300 on 

12.288³ grids. They confirm the bursts persist and the statistics are genuinely multifractal — the scaling exponents 

themselves fluctuate in space and time. The universe deliberately, drawing fractals with pure spite. 

 

 
 

 



(A) The third moment of energy increments 𝑊(𝜏) = 𝐸(𝑡 + 𝜏) − 𝐸(𝑡) as a function of τ in 3D turbulence for different 

Reynolds numbers from both experiments (EXP) and direct numerical simulations (DNS). The quantity −〈𝑊(𝜏)3〉 grows like 

𝜏3 at short times. But the curves obtained at different Reynolds numbers collapse once scaled using 𝑊(𝜏) ≈ 𝑉 ⋅ 𝛿𝑉 ∼

𝑉4 3⁄ (𝜀𝜏)1 3⁄  (Inset). 

 

(B) The third moment of 𝑊(𝜏) from 2D turbulence experiments. Features similar to 3D turbulence are observed, i.e., 

〈𝑊3(𝜏)〉 is negative and nearly saturates when 𝜏 𝜏𝑓⁄ ∼ 1. 

Where 𝜏𝑓 ∼ (𝑙𝐹
2 𝜀⁄ )1 3⁄  is the characteristic time corresponding to scale 𝑙𝐹. 

 

(C) Probability Density Functions (PDFs) of 𝑊(𝜏) for all values of τ, in the τK < τ ≤ T range, corresponding to 3D 

experimental flow at 𝑅𝜆 = 350. The values of 𝑊(𝜏) are normalized by their rms values. For clarity, the PDFs have been 

shifted by a factor of 10 from each other. Meaning the PDF tails can be plausibly represented by exponentials. 

 

(D) The logarithm of the ratios of the probability of −W and W as a function of W (W > 0) at different values of τ gives the 

linear prediction of  ln[
𝑃(−𝑊)

𝑃(𝑊)
] ∝ 𝑊, which has been shown to apply in many systems in presence of several thermostats, but 

simply does not apply for turbulence. 

 

III. Predictability and the Limits of Determinism 

Deterministic equations should mean perfect forecasts, right? Haha. “Good luck.” 

 

Large-scale stuff we can kinda predict statistically. But those extreme intermittent events? They’re born from tiny 

uncertainties that get amplified by the nonlinear terms in the equations — basically the butterfly effect on steroids. 

One invisible little sneeze in the flow and suddenly your airplane wing is having a very bad day. We’ve all heard 

the “butterfly effect” in movies and pop science. Turns out, turbulence is where that idea actually lives in real life. 

The same physics that makes your coffee swirl is also what makes extreme events in the atmosphere, in engines, 

and in wind turbines so ridiculously hard to predict. 

 

Machine learning is trying. New models spot precursors to extreme events… but even they hit a predictability wall 

(Yang & Mengaldo, 2026). The limit isn’t just “computers aren’t smart enough.” It’s baked into the physics: 

turbulence concentrates uncertainty in those rare bursts. 

 
 

IV. From Coffee to Hypersonic Planes to Wind Turbines 

Intermittency isn’t some abstract math flex. It’s why: 

- Weather models still miss freak gusts.   

- Wind turbines lose efficiency and get battered by sudden wake events (Zheng et al.).   

- Hypersonic vehicles and fusion reactors have to survive insane wall-pressure spikes (Wan, Duan et al.).   

- Even desert heat exchange behaves weirdly because of these bursts (Zhang et al.). 



 
The Horns Rev 2 wind farm sits in the North Sea west of Jutland, Denmark — 91 turbines with hubs 68 m above 

the waves. At the time of the photos the freestream wind speed was 13 m/s, ambient turbulence was only 3–5 %, 

and most turbines were humming along near full rated power (~2300 kW). Yet in the wakes that turbulence 

intensity doubled to ~8 %. The result? Long, narrow, laser-straight fog plumes stretching for kilometres behind 

each turbine — classic stable-stratification behaviour where intermittency keeps the mixing sharp and focused 

instead of exploding outward. 

 

I stared at these photos for a solid ten minutes the first time I saw them. They look almost artistic. In stable air the 

turbulence doesn’t puff and loop like it does in your coffee cup; it stays disciplined, carving ghostly white ribbons 

across the sea. It’s as if intermittency is showing off its two completely different personalities — chaotic in your 

mug, elegant and persistent out here on an industrial scale. 

 

Those turbines are literally carving clouds. Engineers hate this one simple trick. 

And the craziest part? The same physics you watch every morning while half-asleep is playing out here at the scale 

of 91 giant machines and far-wake distances exceeding 100 km. 

 

Now zoom in on what’s happening behind the scenes. 

 

The wind farm is literally drying the air in its far wake 

by mixing down warmer air from above. Blue = less 

fog. A farm-sized scale intermittency. 

 

 

 

 

And 

 

 

 

 

here’s the mechanism that creates those beautiful cones in the 

first place. 

 

LES simulation showing exactly where turbulence lifts and 

mixes air to create the fog cones you see in the photos. The 

2016 Horns Rev 2 case is the perfect real-world example of 

intermittency in stable conditions: long, narrow wakes, rated-power operation, and visible atmospheric mixing that 

engineers still struggle to predict perfectly. And it’s the same physics that makes your coffee swirl. 

 

Engineers use approximations like RANS or LES, but they still choke exactly where the wild bursts happen. 

Intermittency “unavoidably” is the great unifier — it explains why every approach (math, stats, computation) 

eventually hits the same wall. 

 

 V. But Wait, What About the Navier-Stokes Prize Problem? 

 



Sure, the million-dollar smoothness question is cool. But that’s about existence, not structure. Intermittency sits 

right at the messy intersection of theory, simulation, and real data. As Sreenivasan and Schumacher put it in 2025: 

picking one favourite formulation and calling it “solved” is “incomplete at best and potentially erroneous at worst.” 

 

In other words, the prize problem is important… but it’s not the real troll in the room. The real troll is the one that 

shows up every time we try to predict the next violent burst.  

 

VI. So… What Now? 

The great problem of turbulence isn’t “solve Navier-Stokes.” It’s realising we’re staring at a beautiful boundary 

— the place where perfect determinism hands the mic to organised chaos. Turbulence isn’t physics failing. It’s 

physics flexing. It forces us to stop obsessing over averages and start respecting extremes. To trade “exact 

prediction” for “smart uncertainty.” To see the swirls in your coffee not as mess… but as the universe showing off 

its best party trick. 

 

We won’t “solve” turbulence when we can simulate every drop. We’ll understand it when we can look at those 

sudden violent bursts and simply say, “Yeah… I see you.” 

 

And honestly? That feels way more fun. 

 

Because the next time you stir your coffee and watch the milk go feral, you’ll know you’re not just making a drink 

— you’re watching the same fundamental physics that still defeats the world’s smartest mathematicians and the 

most powerful supercomputers. And that, my friends, is pretty damn cool. 

 

 

Refferences 

Buaria, D., et al. “Unified Multifractal Description of Longitudinal and Transverse Intermittency in Fully 

Developed Turbulence.” arXiv:2601.12528, 2026. 

Duan, Peng-Yu, et al. “On How Walls Shape Dissipation Intermittency.” arXiv:2506.22917v2, 10 Dec. 2025. 

Fefferman, Charles L. “Existence and Smoothness of the Navier–Stokes Equation.” The Millennium Prize 

Problems, Clay Mathematics Institute, 2006. 

Hasager, Charlotte Bay, et al. “Wind Farm Wake: The 2016 Horns Rev Photo Case.” Energies, vol. 10, no. 3, 

2017, p. 317. 

Kolmogorov, A. N. “The Local Structure of Turbulence in Incompressible Viscous Fluid for Very Large Reynolds 

Numbers.” Doklady Akademii Nauk SSSR, 1941. 

Sreenivasan, Katepalli R., and Jörg Schumacher. “What Is the Turbulence Problem, and When May We Regard It 

as Solved?” Annual Review of Condensed Matter Physics, vol. 16, 2025, pp. 121–43. 

Wan, Z. H., et al. “Extreme Events of Wall Pressure Fluctuations in Turbulent Boundary Layers: Effects of 

Compressibility.” Journal of Fluid Mechanics, 2025. 

Yang, Yuxuan, and Gianmarco Mengaldo. “Hierarchy of Extreme-Event Predictability in Turbulence Revealed by 

Machine Learning.” arXiv:2603.13789, 2026. 

Zhang, L., et al. “Characteristics of Turbulence Intermittency, Fine Structure, and Turbulent Exchange Processes in 

the Hinterland of the Taklimakan Desert.” Journal of the Atmospheric Sciences, vol. 81, no. 2, 2024. 

Zheng, Y., et al. “Impact of Turbulence Level on Intermittent-Like Events in the Wake of a Model Wind Turbine.” 

Renewable Energy, 2023. 

 


