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Abstract Leonardo da Vinci, known as painter, sculptor, astronomer, inventor, musician, mathemati-

cian, anatomist, physiologist, geologist, botanist, writer, military engineer, architect and cartographer, is

a representative figure of the Italian Renaissance humanism. This paper describes another aspect of Da

Vinci: his research results of fluid mechanics and the contributions related with turbulence, flight, wave

and storm, and it is concluded that he is the pioneer and founder of fluid mechanics science as well.
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“Ladies and gentleman: as we are cur-
rently experiencing some air turbulence, for your
safety, please remain seated and fasten your seat
belt/please return to your seat and keep your seat
belt fasten. During the turbulence, lavatory will

be closed and we will stop cabin service. Thank

you.”
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Epilogue: a turbulence timeline
The Editors
427

Table 13.1 Some major events in the history of turbulence

Reference Brief description of the event

Used the word
variety of turbulent flows

Sketched the “Great wave off Kanagawa™
depicting turbulent broken waves

Formally recognized two states of fluid
motion

Postulated eddy viscosity

Ilmmrdo da Vinci (c. 1500) " and sketched a

Katsushika Hokusai (c. 1831)
Hagen (1839)

‘Saint-Venant (1851), Boussinesq
(1870)

Reynolds (1874) Analogy between eddy motion of fluid and

heat transport

Reynolds (1883) Direct and sinuous motion in pipe flows;
Reynolds number

Kelvin (1887) Used ‘turbulence’ in modern scientific
literature

Rayleigh (1892) Inviscid instability

Reynolds (1805) Reynolds decomposition; Reynolds stresses

Prandtl (1904) The concept of the boundary layer: its

scparation and control
(cont.)

B2 (ki) fEic e O

1 BUARTAR 7 22 F0R S URERAT, 25 T IR
B fE R E ), EE 2 IR A B g KNI (I
TR ) XA AR E ML S OR, RSl K AR
JCTRIRL o T A A H NS KRNIV <30
JHE” AL RS o R VR4 M 31 B840 2 e L 42



636 71 5

2z
¥

ST B 2019 F % 41 %

B FCHFEAS R PR T AR SR IAL, £ AL 2 48k T 58 SR A 4 B
RORY SR, AR I T B A, IF HA AR
W —— BRI LT 2 X PR IAR . 7 IF B 8 1 ik - 55

; —
{‘\Jt‘iuﬁ'w 1‘
R e rimae I\“ :

;r-_-fhﬂ[ﬂ g"““r‘
_"_ Vouvne -r\. 4
'-L. Ao
qvm{n Ho
A
m’fmuh, % :
i
T"',"lh“’" 1‘

(a) BEIESR

i =y
e e wnferdarn < aneapae g
(1ol i N R

(b) R A

R S 5 TR, A4S « =4EAE U R
s BEARGER, “inimiash” 5 o Ik, BATTIANIX -
ORI i T T SE K

T
Ciand + el
P ot

i
et (g v Al B R o
b ehem ey seaile TSl S

(c) Gk

K3 k- FaFe

2 E-FEEHT

AL 21 600 /T, ik - ZF A EH TR TR
G EAH —BOUT, 4l i B 7L 75 T8 b 1) Atk ¥ A5 D0
W— HR S 28, v B n R R T b g e,
AT LIE - SRR T 528 AT (B 4), BE A KAT
PR TC R k0 T PR AR, IR E — . N
Xof B 2 TRAT HIRRK, AR TE ST S 28 TRAT I SR8 11 2
BEATVEANTE 7T 8RS 1, T 1505 SF5 R T 18 TLFAR
GBS 1) RAT Yo I - 25 AT il Ik W 2215 50 « 19 R T A 1
BOAT R EIOAE Y, “ STE mE CATES, XU W,
XA T I B A AR AT BRI, XU

T, X ARG KBE 7, A BRGE AR 7 flE A “ 5
& — B HUE ) TARRINLAS . N A RE 7705 3 o
MlLas s e aiiEsh. hHE «— A a2 K
F10 380 JB% 5 L Wl 2 2% 1) N\ 2 2 380 AT e il s B
T3, AERR A5 B R 5 3 5 KN R A 18] X
— AR 25 1903 4F 12 H 17 H 32 [Fl 103845 Wl 56 i 3h
AL KM 1909 4E 9 H 21 H “FE iz 2
754N (1884—19124F) s h e W E AN B it
H Ol 05— 28 RALIR AT 1 29400 4. 2003 4,
kR (B s A LR, RS C S
PG 7],

4 35 FETL BTG

I - SF AR T AT W SR BT G B BIALRCK
17, X eV S 9T . 1485 4F, 1k - SR A it 158
A RAT A, R PRI A A (K 5): MR
TF VR S PR AT B R A <8 7 B R AR S5 o AtV R

B CONATE B XA B 7 <P P LA MAT: 2 1) i A Bk 1
HASZ R, 2008 4E 4 H 26 H, 7EH; 174
AT WA 0l 36 %5 (1) BRI AEHE - 4EHR A - e i s A
H I - 25 A7 BT I 4 o 35 5L B 98 <= A AL THT 600 m



%5 W

BRI 15 - 2533 Sk 15 637

R E TR Rk R, 3 T i Bl S AL
WCRAT AN, 18- 35 & AT AR &k B 12 8 2
SN AR FEFE B N T8 “ 5 32 % AT 7E 1487
0, 8 SFErE T R EE (B 5 A TN ). X
B <IN FALY B MR MR T, FLEE B LR 2
M4 BT NS AL, Bl — B0 P MERN, H45
— AR A 2 Bl R, AT A B A 1 4 R B)

YRR H o B IEINIE - 55 55 B Q& RO b
LR 55 RUEWULAR 2447 70, T NV LA B4R K &
FEJr 177, HArsE b B TR, #
AN G5 K6 75 T R 1) R — LR BEAA O, IR R IE
3& ok EARINEHLBA HIERIE, (HAEH]
AR AT BRI, JRAE B T 34— kAT
I L

Bl 5 1k - SFarFLy: PRk f 4P (5 B A H:(Da Vinci: Shaping the Future)

http://zh.marinabaysands.com/museum/exhibition-archive/davinci/themes/natural-science.htm)

BbAh, i - S5 AR AR O RB B, XS
JE 1% TS T3 BRI )7 T 14831486 4F 1]
Bt R T AR (K6), X 48 AT A BN
PR FER VR At 2 5T 3B 5 - A (Isaac Newton,
1643—1727 4F) £ 200 4F 1) “ 3 =385 @ = AT .
X B4 NJJIB AR« SUg e It ot H 2
TR B I R 2R, B A el IV JRR A R — 2 o 2 2 s

| : /ﬁ:u:‘n {;éhgh"w ifl\‘.‘& C
ln LA £ TM“‘ 16 08 -r:’;,‘-gi?‘;ma‘ ]
“&'h‘ - -f*v I . &

=4
cro
Wih
Py
~4\’-= RO W IR G

o d A4 Q‘;’n‘-t.n A p‘-_LJ

6 k- IFETL CETIL R A TR

A NS ST, SEFE ) B S — AN Sl i LA
SEPLKAT . R IR ¢ AR NE AL B S B
H2 B 2 A s AT R B LR} - 9738 J8 (Enrico
Forlanini, 1848—1930 4F) (2R AL FHHL X IR BT
RHLBE T R o R, MRERh & S B, ik - 35
AW RL T — A

3 &E-FHEHK

Z i 35 - S5 I T SN 25 AT AR S A
BRI AT EERR LR, Aok S =
AT Z ok SRR B it 8 Tk SR A
SPIRIR 723 UM% U I AR LA FH (R 5, VI R5 2% O]
O HER AT 7B IR, X A Lk - %
THHEAL, PR R T 2 AT - <K
(IR, BB & (RIKTE L2 sh Yt K i1 i
73) FrslE K 2 B, Wk —Hufm RN
R B R, (FE7K BT ) 2 B % 0 BRI K
Vel fe4k » (EL W SR AT T e 3133t i sl iR 7K v 7K R



638 71

2019 4 2 41 &

PR, JUF R T ORI, “ 2 BEAL IR KIKE R 7 123h
(I PR AR R T 9 T I AN A5 RO MR 2 - “ e 4
FE AN () 2 8] AR AT s o T P AN 2 18] PR 35
A% BE IR K AR s 9% T A AR Bl 2K 10 A% 3k -
“UUA i KT K, BT IR, B 51T ) 7K T
B EN &3, KT RARTT & #3307 A FE MR AR, X
B HUE B s BA R 2 IREN" s fa, KT
A 18 AT SIS < an SRARKE Wy HRA Sk [R] I ) 22
TR, AR A R — BRE  , RKE B [ SR A
T2 F A 51 AT 4 [ P, 2243 e 53] Pl A I, X 8 A L
A2 B 1) 5 Pl 475 9 DR DA 1 il s D [ ]
B BT A AR B I FE AN EARBAR . o] W, A 5
BB A O, S A, BN NIL - S AR HOBATK
P 13z 7 AL, HSEB il 1 2 8 ¥R, 3X
R BUARLAR A7 22 5 VRO 22 38 B e () 28
B

4 E-FEHENF

1 - SR AR 5 — UK ERAE A B EAT A 5%
WHRAZEATAE (TR . =255) £ — 2 %0 T
AL B < RRBEEY 1) R I 51 R K (B 7). 3X
Foft < UER” AT <K 1 (FAR) 18 B A 52 [ 3 38 51
BIR ], A1 iy R B L B <K R A B B A 77, AT
Gl AR, 0 TS NS A AR . T - O
A HCT I TR E AR R NI 32
g, AT DAL b i At 2 B SO IR T S AN
KAILFE R R BRI — N

Bl 7 kSRR oK 5
(ELKE F: https://lebbeuswoods.wordpress.com/

2010/12/03/da-vincis-blobs/)

5 Hih

i - SR AF R TR T IR A O (IR S (i
Z) KAT PR (R) BB B KR ARG, BT T
S TR (A AR I B S B BT A [R5 v, ARG

fe A ] R 97 3k A [0 T AR 0 A g T )9 A A R AT [
o7 X —F AR LI 4518, LR & A — MR E
FLRBRBE, BT “PUAATT 487 oAbk ettt — D HES
T YN R A K R R e A O
B A3 A 25 H T 7K IR [T 3 B8 R AR LE
52 B HACHE A K BRIR R, Rt sh K 5 AN FRH)
B RS, RBP4 MR 7 IR I
R BNIRZS o IR A B T A T s, SR T
T A S B AR AR A R VR ARV v R A
(50 F1R7» AN IR0 FR T vt PEE AN [ 0 P v P2 5 o
JI L o 7 Al 3 B T3 AR KRR B B G0 1R
TR, L RENE R AR K B AR IKIK (RE) o4 AT A
TANEKMBN Iy (FE), KW 7T 7T Ak & T TR
FRE S TERAKATL, AR B ol pi /K 2 s BEt AR 1 e KU
& (M5 B2 — G2l &) AW T XGEAL (K8),
P I AL EN SRS CR - e
M, 25 TERBIN T2 B Ci B4, SE AEZ IR
il i 2 H R T

K8 iAFAFL R (£ 1490 4F, BUSHE T K9 B 4311)
6 Z51B

W RYEIE - FF AR AR A T &R RR
(1 RG, I DR RAAR AR B N7 T
X AR TAEE KL, 7220 2% TR P B2 d A A
Fe R R E AR RS EES L,
T AN 2008 WIS 4 1 =7 57480, BRIk, 8 R 3L R e iR
M LT R BRI 508 - T A& —
LGRS 7, HEILMZ RE & T M AtRe s i
BT




L BROHES 3k - 3R AR SRR 1% 639

LB FR 9315 BAT L R ok B 2%, AU R
AL, Rt St

2 £ X

1 Davidson PA, Kaneda Y, Moffatt K, et al. A Voyage
Through Turbulence. Cambridge: Cambridge University
Press, 2011

2 Maccurdy E. The Notebooks of Leonardo da Vinci. New
York: Reynal & Hitchcock, 1938

3 Lumley JL. Some comments on turbulence. Physics of Flu-
ids A: Fluid Dynamics, 1992, 4(2): 203-211

4

Gad-El-Hak M, Buschmann MH. Turbulent boundary lay-
ers: Is the wall falling or merely wobbling? Acta Mechanica,
2011, 218(3-4): 309-318

PR, Wik ARSIk, A5 SR, 2000, 22(4):

77-79
LR, FIBRNL ARSI, 1% 5508, 2005,
27(4): 83-87

Kemp M. Leonardo lifts off: A wing designed by Leonardo
da Vinci proves to be aerodynamic. Nature, 2003, 421: 792
Bartoli G, Borsani A, Borri C, et al. Leonardo, the wind
and the flying sphere. EACWE, 2009, 5: 225
http://www.forgottenbooks.com/readbook_text/Leonardo__
da_ Vincis_ Note-Books_v1_1000746990/123 (updated on
November 2nd, 2015)

(Fritsmtt: 3 2)



	Abstract
	1达芬奇与湍流
	2达芬奇与飞行
	3达芬奇与波
	4达芬奇与风暴
	5其他
	6结语

