Wind, Drag, and Torque:

Could a Sauropod’s Neck “Helicopter” in a Tornado?

Order-of-magnitude analysis
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Question for dinosaur scientists: obviously large
sauropods were too heavy to be lifted by
tornadoes. But were their necks strong enough to
counter the winds? Or would they start
helicoptering all over the place? Thank you in
advance
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1 The question

A sauropod is far too massive for a tornado to lift like debris. The humorous follow-up is whether
aerodynamic drag on a long neck could still produce enough torque at the base of the neck to whip
it around— “helicoptering”—while the body stays planted.

This note estimates the relevant forces and torques and states what would have to be true for
extreme neck motion (or failure) to occur.

2 Model and symbols

Air density (sea level): p~ 1.2 kgm™3.
Wind speed relative to the animal: v.

Drag on a bluff body:
Fy=1pv*CaAL,

where A, is the projected area facing the flow and Cy is a drag coefficient (order 1 for a
cylinder in cross-flow at high Reynolds number).

Torque about the base of the neck from a resultant drag force applied at height A from the
shoulders:
TR Fd heﬁ'.

For a uniform cylinder of length L, a common first pass is heg ~ L/2 if drag is distributed
similarly; treating the force at mid-neck is the same order of magnitude.

3 Wind speeds (tornado context)

Strong tornadoes are often quoted with 3-second gusts in the range of roughly 90-140 ms~! (EF4-
EF5 regime; exact mapping from damage to wind is debated). For scaling we use three reference
speeds:

v € {50, 80, 120} ms~'.

Dynamic pressure ¢ = %pv2 is then about 1.5 kPa, 3.8 kPa, and 8.6 kPa respectively.

4 Sauropod neck: two orientations matter

Treat the neck as a cylinder of length L and diameter D.

4.1

Broadside exposure (neck axis perpendicular to wind)

The projected area is approximately A, ~ LD. Take illustrative large-sauropod values L = 12 m,
D = 0.8 m (real taxa vary widely). Then A ~ 9.6 m?. With C; ~ 1.0,

Fd%(J'CdAJ_, T%Fd(L/2)

At v =120 ms™!: ¢ =~ 8.6 kPa, giving F; ~ 8.3 x 10 N and 7 ~ 5 x 10° Nm (half-length lever).



4.2 End-on exposure (long neck pointed into the wind)

For flow perpendicular to a long cylinder’s azis, the projected area is the circular face: A, =
7D?/4 2~ 0.50 m?. At the same v,
Fy ~ 4.3 kN,

roughly twenty times smaller than the broadside case for these dimensions. Torque is also smaller
because the resultant acts nearer the base for this geometry; still, the key point is: orientation
dominates.

Takeaway: A near-vertical sauropod neck in purely horizontal straight-line wind presents a small
frontal area. The dramatic “sail” picture corresponds more to broadside loading (neck sideways to
the wind, or strongly swirling flow with a large component perpendicular to the neck axis).

5 Would the body slide or tip before the neck “helicopters”?

5.1 Against sliding

Normal force N ~ mg. For m = 4 x 10* kg (40 tonnes), mg ~ 4 x 10> N. Coulomb friction with
coefficient p ~ 0.5-1 gives a horizontal resistive force of order 2-4 x 10° N. A broadside drag of
~ 8 x 10* N is unlikely to skid a 40-tonne animal by itself; much larger forces or reduced friction
(mud, flooding) would matter.

5.2 Against tipping (very crude)

Resistive moment scales as mgb where b is half the stance width (order 1 m for a large sauropod
footprint). That gives a stabilizing torque ~ 4 x 10> Nm. The broadside neck torque estimated
above is the same order of magnitude at v ~ 120 ms~! with a long lever arm—so a full order-of-
magnitude analysis cannot dismiss tipping or rearing without better posture, footprint
geometry, and flow direction. Still, the dominant uncertainty is how much of the neck presents
area to the wind in a chaotic tornado flow.

6 Structural limit (neck failure vs. rotation)

Bending stress in a beam scales as o ~ My/I. Sauropod cervical vertebrae and soft tissues evolved
to support enormous static and locomotor loads; ultimate failure in bending or shear would require
a detailed finite-element model (bone geometry, pneumaticity, ligaments).

Qualitatively: if aerodynamic torque approaches the magnitudes that would break the neck,
fracture or severe soft-tissue failure may occur before a cartoon-like steady “helicopter”
spin. The Reddit scenario mixes humor with a real point: extreme winds can produce large bending
moments; whether the motion looks like spinning or snapping depends on material limits and flow
unsteadiness.

7 What would it take for the meme to be “true”?

1. Broadside or swirling flow so A is closer to L x D than to m7D?/4, and heg stays large.

2. Very high v (EF5-scale gusts) so Fy; oc v? grows large; recall doubling v quadruples drag.



3. Reduced stability: slick ground, uneven footing, or a posture that narrows the stance or
raises the center of pressure.

4. Neck intact long enough: if loads exceed tissue strength, failure intervenes; “helicoptering”
as a steady state is less plausible than violent flailing or structural damage.

8 Bottom line

e Lifting the whole animal: Not plausible for tens-of-tonne adults; tornado lofting applies
to debris, not multi-ton animals.

e Neck torques from wind: Plausibly large in broadside EF5-class winds with a long lever
arm; much smaller for a vertical neck in smooth horizontal flow because projected area
collapses.

e “Helicoptering”: Not a standard rigid-body outcome; real outcomes are unsteady gusts,
possible loss of balance, and/or neck injury before any tidy rotation. The joke points at
torque from v? drag; the math supports “strongly orientation- and speed-dependent,” not a
universal yes/no.
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