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Outline

• 1. A fastened “chiral/helical base flow/field (CBF)” 
structure: the geometry of Taylor-Proudman effect: not 
that usually understood (扎紧“手性基本流/场”：非通常所理解之处)

• 2. Fastened turbulence: statistical constraints of helicities 
of various gas models（螺度的统计约束扎紧湍流）

• 3. Preliminary numerical evidence of compressibility 
reduction (‘fastened’）with helicity（初步数值验证）

• 4. Bridging (fastened) CBF and (fastened) helical 
turbulence: ensemble theory: the equivalence principle  
（从结构到统计：系综理论：等效原理）



The notion of “fasten”“扎紧”之概念

夫“扎紧”者，出于生产之用，入乎食色之需，乃日常观念也



logic/framework（大框架）

Ensemble theory of compressible 
helical turbulence

Local “chiral base 
flow/field (CBF)”: 
real Schur form 

matrix 

Equivalence 
principle

Compressible 
helical turbulence

Gravitation theory (?)

Local “special 
relativity”: 

diagonal matrix

Equivalence 
principle

General 
relativity

(loose) 

analogy/parallelism
(not necessary but helpful)



Part 1:
Fastened

“chiral/helical base flow/field (CBF)”:
boost to a rotating frame: 

the geometry of
Taylor-Proudman effect: 

not that usually understood
(扎紧“手性基本流/场”：TPE非通常所理解之处)



Local chiral/helical base flow/field (CBF)
[c.f., J.-Z. Zhu,  Phys. Fluids 30, 031703 (2018)]

局部手性基本流/场

Real Schur form (RSF)



Boost to the rotating frame
（提升到旋转标架）



the Taylor-Proudman effect 
of “fastening” (not two-dimensionalization)

Taylor-Proudman 扎紧效应



The mechanics/geometry of 
Taylor-Proudman fastening effect

扎紧效应之流体力学/几何



“fasten” notion“扎紧”之概念

“扎紧”者，出于生产之用，入乎食色之需，乃日常观念也



Part 2: 
Indications of fastened turbulence:
statistical constraints of helicities

（螺度的统计约束扎紧湍流）



Aerodynamics (HD)



Onsager, L. (1945: one line in a letter to Lin, C.-C.)

Lee, T.-D. (1952)

Kraichnan, R. H. (1955)

……



P. 443:



Jian-Zhou Zhu, 2016, J. Fluid Mech., P. 445:



magnetoaerodynamics (MAD/MHD)





Extended magnetoaerodynamics: 
XMAD/XMHD







Two-fluid plasma model: Statistics



Two-fluid plasma model: geometry 
in the fastened electric field



Part 3: 
Preliminary numerical evidence 

of compressibility reduction

With Yan YANG, Jun PENG and Jinxiu XU



easing the helicity
constraint

release of compressive 
and pressure energies

Helical 
quantum 

turbulence

indirectly “verifying”
Zhu’s (JFM2016) 

prediction











Part 4: 
Bridging CBF and turbulence: 

CBF-structure ensemble theory: 
the equivalence principle for 

compressible helical turbulence
（从手性基本流/场到可压缩有螺湍流的渡越）



Bridging
CBF and turbulence



chiral/helical-base-flow/field (CBF) 
molecule ensemble: CBF gas kinetics

Equivalence principle (to be continued)



Ensemble of molecular
(giant/global) (g)CBFs for isotropic 

compressible helical turbulence

(too?) simple

• Global CBFs over 
the whole flow 
domain randomly 
distributed in an 
isotropic and 
independent way

minimal

• `Local’-but-giant 
CBFs in some 
coarse-grained 
sense located 
randomly in space  
and isotropically
distributed, with 
no/weak interactions

O(3) gauge similarityidentity or stronger similarity

For self-similar (scaling-law) turbulence, the 
proper scale dilatation `does not matter’: 
statistical gauge invariance: Schur+Weyl



Why reduce to the mean rotation 
instead of the mean velocity?

Mean velocity

• Galilean 
invariance, thus 
trivial with no 
consequence

Mean rotation

• Taylor-Proudman
effect, thus 
nontrivial with 
fastening 
consequence

Akin to Kraichnan’s (1964) 
random Galilean transformation



Another loose analogy: 
gCBF and gMW: just for motivating possible physical pictures

CBFs of positive 
cosines of their vorticity 
angles (‘similar’) but 
with opposite helicities 
may attract each other 
(reminiscent of the 
Cooper pair in the BCS 
theory of 
superconductivity) to 
form (local) gCBFs of 
helicity H with no or 
weak interactions



And, more details, Galilean and Lorentz invariances, Taylor-Proudman

fastening and Einstein length-contraction effects ……, in the big analogy:

Ensemble theory of compressible 
helical turbulence

Local “chiral base 
flow/field (CBF)”: 
real Schur form 

matrix 

Equivalence 
principle

Compressible 
helical turbulence

Einstein (gravitation?) theory

Local “special 
relativity”: 

diagonal matrix

Equivalence 
principle

General 
relativity

(loose) 

analogy/parallelism
(not necessary but helpful)



Part 5:
Possible applications



“fasten” notion“扎紧”之概念

“扎紧”者，出于生产之用，入乎食色之需，乃日常观念也



“螺控声”理论技术
。。。
。。。
。。。

“Unlike other organisms and viruses, coronavirus has RNA as their genetic material --- a very rare form of the virus. It’s an RNA
virus. The ribonucleic acid of it is surrounded by the nucleocapsid. The capsid of coronavirus is helical in symmetry.”
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