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PAST AND FUTURE EVOLUTIONS OF FLUID MECHANICS: THINKING TRIGGERED
BY THE BATCHELOR CENTENNIAL EVENT?

Zhu Wei  Wang Guohua 2
( Center for Particle-Laden Turbulence, Lanzhou University, Lanzhou 730000, China)

Abstract  G.K. Batchelor is one of the giants of fluid mechanics in the in the twentieth century. He had made
pioneering contributions in the field of homogeneous turbulence theory and low Reynolds number micro-fluid
mechanics. He is the founder of Journal of Fluid Mechanics, one of the top journal in the field of fluid mechanics, and
the department of applied mathematics and theoretical physics (DAMTP), whose spirit of pursuing physical and
quantitative understanding of fluid flows has impressed the development of fluid mechanics in recent 100 years. He has
cultivated and influenced a large number of scholars who have made outstanding achievements in numerous subjects of
fluid mechanics, including turbulence theory, experimental fluid mechanics, turbulence stability, environmental fluid
mechanics, multiphase fluid mechanics, magneto-hydrodynamics, micro- and nano-scale fluid mechanics, etc. Taking the
G.K. Batchelor centennial event as an opportunity, this paper briefly reviews the evolution history of fluid mechanics in
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the past 300 years, including the three important stages of fluid mechanics: classical stage based on solid mathematics
and physics foundation, the modern stage driven by application demands, and the contemporary stage characterized by
discipline intersection and integration. Special concerns are concentrated on the formation, merging and inheritance of the
distinct styles of the four schools in the modern stage of fluid mechanics in the past hundred years from the perspective of
outstanding scholars and their key contributions to the discipline. The driving force and trend of the development of
contemporary fluid mechanics are discussed taking wind-blown sand environmental mechanics as an example. It shows
that fluid mechanics provides the basis for the development of branch disciplines, while the demands of branch
disciplines drives the endogenous development of fluid mechanics which forms a spiral growth relationship. Finally, the
progress spectrum and innovation trends of fluid mechanics in the future are revealed and discussed.

Key words Batchelor, fluid mechanics, evolution history, schools, trends
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Fig. 1 The notebook cover of the Batchelor’s Centennial Symposium “Fluid Mechanics in the Spirit of G.K. Batchelor” (designed and provided by
Prof. Keith Moffatt)
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TNEER) 2275 45 47, BRI R K255 27 47, k2 Wi
O3 AL, WPNAERE T Aoy 3 A EN A 2 4
H A2 80 2 A7 [ 223 Horp A 45 B Wi AA 3l )
“2 [ BE 5 NBK 7 (Leonhard Euler), B ¥X 3 HZE It
PRIZ ) FEAR T LRI 4E (Claude-Louis Navier) Flil
e (George Gabriel Stokes); fE LA Sy 27 HLig &
ZA IR ILIR AR BARF (Ludvig Prandtl). 28
(Geoffrey Ingram Taylor). {%-1[7] (Theodore von
Karman). #]/K %57 K (Andrey Nikolaevich
Kolmogorov), >k H H B (1) HH FL ik ) 2% BN 855
SetE, VA RAE AR T 7 2 4 SC AR T 4,
W BRI BT AR B 122 15 UK Stewart Turner, TF 5
WAK 122 1 3836 N Brain Spalding 2545, #AN45f i nf
B R, B — 07 2 AR PE TAR AR 2 im Ak
N REKT ) — BBk, el R e NE
SR IRARTAR ) 27 () I T 2.

AR 4E Batchelor ¥ ik 100 440 & Ka
B DN AR ) 2230 300 4F (1) % EAT fai Bl i
1 #5504 17 24 44 Batchelor 245 S 2% R ok &
2 843 [ml i 22 UG A ) 2 B0 ARTAR ) B Bebs
AR IR 22 AR R S I w2 3 3 S A A IRARR A
TR ) A 7K 3 4 B0 AR BE AR ) 5
()R & B, R AAR BN ) A B R e 5 Y 5 3K
(&5, BF9T0 T B SR LA S R Sy, B fa 2 R
Ry B e B

1 Batchelor £ F X FARTEAEE

1.1 Batchelor 4 &Y

1920 4 3 J 8 H, Batchelor (|4 2) Hi4E Tk
MV 85 IR AR, 17 2 I A 70 W s R AR 7 s B, JF
T 1941 T3S T HUF B L 2E A, T K
MR, K2 ENE ) Batchelor i A 8 /K A
(Commonwealth Scientific and Industrial Research,
CSIR) i % # 15 ik 4 A7 5 BT 2 RS 5, 40
[ S5 i AT FUARE 0] 2 >4 IR AR ) 2% KM 28 8y (G.1
Taylor) 7& 1930 “EAHE R0 iR Ze vt BRI ™2 T
JEHI MR, 1945 4F 1 H, Batchelor Fi {2 [ &1 4 K
7R SOV S 8 R B 28 8 AN S U ) R BIE
1947 Al AE 1 18 0SBy = —Z B 51 51 (Fellow),
Ja PR SIME KA AR ) 2 i 0% (1948—1959), [

K2 k)25 Batchelor (1920—2000)1
Fig.2 Fluid dynamicist Batchelor (1920—2000) !!!

FABCA B Y FE R AT (1959—1983), W A2 %4
$Z (1964—1983), ZRZEH#Z (1984—2000). 1956 4F,
Batchelor @173 T A4 17 TR T Journal of Fluid
Mechanics (JFM) JF4AEH 5L 490 40 4R 4F; 1959
SRR T SR RSN A 5 B ) BE AR (Department
of Applied Mathematics and Theoretical Physics,
DAMTP) HHUT R EATE 1986 4F; 18 T 1 T KR
7124 (EUROMECH) H4HAT 25— AT 3285 . 2 5
[ B K 2% Adams 22 (1951). & KA Agostinelli
#(1986). HE[H B oo R (1988) FKEHL L
FEITp 2 Timoshenko *3 (1988) &40 [ 3R 154 .
IEA4h, Batchelor iR 56 J5 1 A8 BUE K24 (1959).
FEZAR GBI (1959). 2R EB (1974),
FERHEBE (1984) AR R R BE (1989) S5k %
Foe 5 EF R B L

1.2 Batchelor ZF /R THAIE

Batchelor [ 5T TAE F 2 AL T 7E 1945—1960
N 51 IO N~ Ny /N SR 2 T R N B R M LK 39
Reynolds F R4 %% (WAFR A &TF J15%).

TE i W F 7T A4 Batchelor ) o1 Bk €L 35« %)
Kolmogorov J& £ ] [l P i i B 18 (PR K41 2
W) AR AR J 5 T R L DR Wi AR i
WY HH . F K4l BAR R A HE) T 5 1,
Batchelor f - K I I & IR 2 K41 B i) 5 2282
B R R RS AR T AR IR IE, IEI T
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T PRI ) BEAFERE . 1947 4, Batchelor & K310 14 J7
THHA 4 Kolmogrov, Sedov &5 Fi 24 3 T I 5%
TAE, FOBHES T 2% n) A MR R 3 B 4 A ok A, B
Uriel Frisch PEAN A3 i 81) ) B vh e — K5 iy HL AR
FURR 25 BT e Ah, Aihid 33— 242 38 Kolmogrov B AL
Ty BEAR 1R) IR DA RCHE), LG Y T N F i
SRR 0/ B N1 e G T M SO 8 3 A =3
Jak 7] #7710, Batchelor Al Alan Townsend — & X 14
A3 AL I AR BEAT T RESY, F5 A ) R  O  3)
77 W S (1) A8 A0 36 5~ 1000 B2 N 7 GE L, T 290
J5E (R 3777 5 g it 2 3 0 O 52 TR 1A K, I R
) S) it g B rh, R RE O Y 32, AR
BN o R LA, BB A U O N 5 1) DT Rk e
FIAH 25 5T 5 J B B R et RO AR 43 AT B
%, M P A RURE AR i ok B R R E R o).
TE DL i A% #1185 [, Batchelor 4% 2k T [#) il 2
BT M ) LA JE S i I 1 BT A R 4y
ST, B0 T A6 & 0] AV it b h % 5
1) R R 7 2, Fi SRR AR RRE 78 DR T i U Y
TR (PR ) RUBE, £t A B2 & HR )07 35X — AL K&
L E AR BRI AR T 58 A AN AR BRI S S A2 3E T R ey
AR IVF L JG SR ERAE] 2 B N . 76
Ty B Ty T, Batchelor #5147 BRARFR P i
L (R SF- Y5 s R R BT R, ST T PSR T
FHXTYH#5 Richardson ¥ #UE M BB IEE R, $2 1
T Batchelor U, BE5E T 4% 8 br & fiis [ @A 5T
RS,

TE1% Reynolds 0 14 ) 245K, Batchelor
RN T 52 PR A4 T /N RIORE 3 R AT R0 P2 IS )
/R VIS € 7 i = A Rt W AR R (IR € T TREE A O s
B AR R AR AR 43, TR AT T 5 — AN R
2856 CSURR 43 . AE 1972 SE 1) 3 % “Sedimentation in a
dilute dispersion of spheres”®) #* Batchelor fi F i it
PR I AR, 30 I 5 ) 7 S T /N RORE AR
PRI AR P 9 H DL A A AR R R S
o T /NBURLY B AR UL AiEEl . AR
R GRS A B AT % D) G EE, Batchelor 7EIX
— A IR TAESI 8 T RSV 2 eSS
FIIXAS R B 7T

7t Batchelor ({2 AR FUFE T, Al B T LA
BRI %2 57 A B, R B AR E N 2 AR
I 0 P R AR R IR H R B N AL AT

Z TS 55T XS, 1953 4£, Batchelor A1 5¢
T i E ¥ The Theory of Homogenous
Turbulence!, G 45 T A ALEAb 2 fif i v 2 12
(0 2 B R, ot i T SR T RGP 5 R . T At
BRI 2 e L 2E An Introduction to Fluid
Dynamics!" QR X MARFU V18 T F a2, ih
WAy 22 AR AR AR I TRIF 2 0 S0 R S N A
Batchelor [ 4 7y 44, %141 Batchelor &+ Prandtl-
Batchelor & #!. Batchelor-Chandrasekhar 23 3.
Batchelor RUEESE, 22 445 2 i o iFF 70 0 A 3L
1.

2000 4 3 30 H, Batchelor #itH. 4 T 408 A,
2007 “F[H BrEtie 5N H 2B IUTAM) 847 T
The Batchelor Prize in Fluid Mechanics. 1% 3% i 2%
AR 2 FE v DURSE” ) & 4 4 PRI — IR, 20
USIELIECIETE S

2 RENFLZRER

1 FUZE ) 150 ALk )y 24 K Bis 13T 300 4F,
D&k I R R 3 AN B & Ly Ak ) A
(17 Al bt 28 19 HaR), AR )% (19 Al
K20 fhalrpd) FBACH A D1 5% (20 L
W22 4, Jil K S R AR B ) e . SEe
/TR K= i B 1 Ny K= SO M 1WAV 8 9 el i S R W)
J1% s IERRAR D)% ZARAR D)% iRk )
o MERAKR I AR R AR SN ) %55 LUK
W a5 G 27 S AT DR ) 2 0 32 TR, R
&1 K DI,

21 ZBEFENEME

SMPR I ENBG T . . . Wi
WM ) RS U R TR B, REE
RAFPE I BE AR, I (A) B RS T 17 thadrp it 2
19 AR IH. 150 N4 b Ay 8 frab T4 i
127 Be ity 2, AT 23 a2 Bk bz (L. Euler). 44
4k (C.L. Navier). JHili i (Jean-Louis-Marie
Poiseuille). #5571 (William Froude). HiFE 71T (G.
G. Stokes). Z 55 /K (James Clerk Maxwell). i
HJ (Lord Rayleigh) A& JE ] FL A I R4l (Sofia
Kovalevskaya), flAlT7E A4 7 27 B84 H 1Y 3 22k
WL 1. Kelvin &) B (William Thomson) PFA/ X —
ISR RAR ) 2 P A O BB 2 AR A, JF B R A
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Table 1 Information and contributions of the fluid dynamicists in the stage of classical fluid mechanics listed in Fig. 113

N4 AR Il 4 AR TTRR R ) 270

Euler 1707—1783 Tt HANRAE ) Ty e BRIk

Navier 1785—1839 I TR FB B AT R BV AR D B N2 —
Poiseuille 1797—1869 e VL A VRS Il = B

Froude 1810—1879 P Froude$§i; AH{AH 1

Stokes 1819—1903 FIR FVER S B ATT R RN ARLRVE; FEYER AR 1 F R N2 —
Maxwell 1831—1879 PN 2 e TR H 2L 2 AU TIE hie; B R A S m R e
Rayleigh 1842—1919 e[ T R B B -AAT R O R - 28 B AR E

Kovalevskaya 1850—1891

FI 74 -Kovalevskaya i B

AR AR 2 S0, — Ty X — I A S b
TR FRIAR A3« Teod T R4 (R S ST AN N F Ay i A
DI FEAR PR HE SR BE 5 1 7 ] )RR A, 55—y i 4
ISR 27 R B [ A A B TR SRR GRAN T A4 ) 2
(R BEAS Ta) S, 0 i 2 AR iR L e D Al X
RPN e B TERRE.

1665 4, 241l (Isaac Newton) AL T Tl AR 77, 7
(LHNER(EKC &2 /be DA AU I N NS /L NS
FURIBE T7, A REPET . ) 2 VAR R B 5 R A
Frsfe B, $ M T AF WS PR e . 1738 4R 55 A
(Daniel Bernaulli) il W] 1 2 8 B 5 S A4 1) Jon i 52
JAE R TS A R (LB, 1752 8, BRfr
St BRAR AN &, JFBE TIE S T (WAL )
BRIV g gt T A BRARRAAZ Bl R AR A
Ti R ——RRL 7 B 3RS 5N 3k o T R A 5
AR ) 2 U T R, RN R BEE TR ) e i
Fi IR (AR TG 20, Wb 5 R 5 AR IR P e A A0 53
I B — A AL T 2 MR AR B ) 2 ORI 3 Bk
A1 NIZ 3 A7 BEHE K e R B0 K 5 43X — AT B
A i, IR ARS) ) 20 I B 5TRN B AR 2
SEAE PV R SR 2 R, T BRI G ) B
Ak PR T T 22 RS ) 2 I RS B TS I I R
i v

)RR B T b O o e, 1752 ARk B LUK
(Jean le Rond d'Alembert) MWRH 7R R A3 T ik
B DURAEEY, B ANA] 4. LRI S 3z 3)
RV PAEANSE ). 1K — S5 IR AR AT LU T4 LLE
S IS BN I 2 BRI B 07 4 0. 31X 5 S50 U
AT AR S B oW B R AR Tk (8 S RK) 20

R B )44 52 20 BH ) VE FH IR %A A& OB P JE

h T 3 RIE B DUR R AR, 19 a2 i
1A 7 2 RN B ST W AR LE B MR A T 2 B
Z R I B ) AT @A, JER LG I NVAA B ) 28 AR
TR 2N AR g 2 SR 3 2 RN A g A B DL
IR e 1) 32 2 Ji DRk BR Ay g R AN 2% G A 1) P R
P, RIR XTI AR IS By 5w, AR Wby R v
T RS TR g R A P8 5 S BRI R4, 1822 4,
12 AR 4 5L T 43 WL ) R4 A W by R 1)
SEAh FMN—ANEAN I, ST R AN T R 4 U R
BRIz ) U7 M BEJERTVY (1828) . WA
(1829) FIZEYER (1943) St REPENLRIEAT T H19%;
1840 4F, Wi R R C/INEAE PN IBAR L B 1 52 50 B
FE) , Mk SR 45 B T A RS R AR R A
H——Wl 230 GEM), o R R AR AE
T8 TR SRR O R s U4 AR e Lk
1845 4F, Sy~ W46 v o DUTE & 3 0 )y AL 7
H T RIS R, JE R T Rt g Eie
X205 R A Y FH 22 A 1R 4 — 0T 4G e 7 B (T
FK N-S J7FE). N-S J5 FE— £ g 38 4 2 Ak JE Bk
TARIE SN BES I0 55 — IR B, & 5 1A B 1 2 58
Wi /R J5 R S A IR PG 5 AR — W sk 19 1
A K Aoy e (), &4 EeE. 9
L ER T AT L 1870 4, M B Wi Lk
24 G BUA IR Gl 56 J T R G -] B B R I 4l
S8 BRI, %58 BLAE R Rk o 5 REEe g — A
e 38 P R A A S B, AR T IR LSRR 5 R
R IAEAENE. IS, 1 2 B2 R0 TR ) 45 DA v A
N-S JyFEI A EREAT E SR s ROk, SR, 2T
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jJ‘S%XJﬁl A BT PR GS UR IAN B A N-S 5 R (1 AR 2

0, A P A e 1 e K b DR A e R AR R
ﬁ?J TR AA T 2 VAT e

B T R MESAR D) R, 19 ALK T 241
T RIS AR AR S . ERIs s MR S AR
M T AR, AESe /K 7 T, 1834 4 B 32 ML %%
BT ILIE AFAE, 1847 SEMHE o Wi v 7 AR LRk
IKBEELIE. 1869 4F, 22445 HH T AT J5 1 8 R,
XX BN T e i P iR A B S 4l A0S Tie iz )
JiT, 1857 fEZ R 25 R K T IR HiR I Tieis 1) (1 i
1K) )2 T REZ G, Y IE T sl R RE e Hant A
VU A, BRI T A e s AL T 3 AN iR
TG T W BE B ) BRI ST UEh AS AR e P 5 I,
1880 4EFi H1] (Lord Rayleigh) % “F-47 B 417 () AN e &
P G- Z8 BN E V) BEAT T R QIVEREST, S T
“Kitg ) 75 R, ABAERE I LR 22 51 RS R i R -
AR B 5IN T — SRR T ) 9K S 0L G
SANE G AED, — B TR B T M - KK
PR RS G EAh, ] 8 P A0t (R0 28
FRECF PR 7 AR T BRI DTk
22 IERKRESIFEMER

T ARTAR 7 25 I Tl B A7 T 19 200K 2] 20
girprmt, 2305 R T A I 2 e, IX — I SRS
FARFEBA TERMIED, dE4 7 K. K5
DL S AR 2 58 52 30 24 T RN S8, PRI A ) 2% 1)
R ST HE A B () RO 5 S I AH B R A TR
F T A = PR S B 7 SR s A 3K — I WA ) 2
JEE AT AT AR ) 27 1) 3 BRI TN Bk i
WA B 5 fﬁ?ﬁ/l\@ﬁﬁ/mj, i%%%ﬁﬁﬁﬁﬁ‘ﬁ%
W EARR ), 25 G HOEHE S d T IR 3L
TR B s W IR LR, A X I H‘JYJMZIK
JIEERR T A . 22 AL AR ) % FF SR SLIR IR T 3
VA T IX PR AN, 25 L XU IR (0 6 B 11 27 Uk
FRX TR B 1 B0 28 AL T IX — I T
SRR ) 5 I e TR LA 2(4 38 F SR [16]).

1883 4=, T i#i (Osborne Reynolds) i i[5 % Py 7K
S A NG (W) N = I L - TR N = B TS it
WE) (JZU) ) A e R 3l G i) (R I,
X BN M T 17 it U e R 1) ¥ IR S 3 JE s, LB AR,
IR GIN T RAER S AR o fgi o ) 2 b
) Ao A EL, BIVE TE L R4 A0 P R A R AR
e, BUJG, T Bl I U A R AR R SR A R O

2 E 1 RLTERREDFEM R EE TR

Table 2 Major contributions of the fluid dynamicists in the

stage of modern fluid mechanics listed in Fig. 1019

A (N Ta]) AR DT
Reynolds (1883) VA SR TR
Reynolds (1895) T R TR VN )

Prandtl (1904) DRSS

Orr (1907), Sommerfeld (1908) itk ahtase

Blasius (1913) EF B TRB)  EBH 1/

Taylor (1915) TATEZ 55 W Az B ie
Taglor (1921) HEHBF) GG bk
aylor
Y IR
Richardson (1922) R U TR
Taylor (1923) Couettedfit fat iz P
Prandtl (1925) RA KRS
von Karman (1930) BE THT A 30 R SR A M
Prandtl (1932) O EHE A T B4

Nikuradse (1932, 1933) TR B AR B S0

Taylor (1935) & ) R O A e vE B
Taylor (1938) i R 3 i
Karman & Howarth (1938) HAB IR 12 K-H 5 2

Millionshchikov (1939), Proudman & Reid #f IERUE} 141, - [ [R) P i AH
(1956), Tatsumi (1957), Orszag (1970) KITFRMEDQNMEL it

SRR 1 R /N OB e vt

TEAE SRR R I b
LA Y IR T 34 b

Kolmogorov (1941)

Obukhov (1941)
THE i I B AR A sy AR
PG TC R o R

Kolmogorov (1942), Prandtl (1945)

Landau (1944) AN REERSEHIIE K1
Peiyuan Zhou (1945) ARG BRI 3 T T i I v
AR e
Burgers (1948) — YR T
Obukhov (1948), Yaglom (1949), Corrsin ~ Kolmogorov M ALHE 214k 5))
(1951) bR
Onsager (1949) Y ORI GE T T

B0 1895 4, Bl (E N-S J7 BE I 26 A F4fE &
NN 1) N-S J7 A2, [RII 42 T it V)R k.
AFLLBE, B TAET I 7Kk — AN 2 2 it
FUHIFP4E.

1904 4F, {EIFEBER2EAT I 20 3 )i [ Pl 7 5K
o b, AR ) 2 K Y A R (Ludvig
Prandtl) 7E T — /MG RIS SCIRTE PF<OC TR 5 /N
PEVE R sl 7, 3 o R A T I AR
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AR TR R AT 80 B 5 A R 2R T 0 i A e B T
A FRARGR BN AR, T 52 BR e TR VR, WX —
SR, I8 B DUR A 18 S B B FH 1) A B2 45 3 T fi
e [FIN, AR S )E BB AE SR, R R B 4k 3
TN FHYE R, R SRR AR L SR N, AT
3 N-S J7FEAF LUK IR 74k, AR 22 S B[] i e 4% 15
B, RTEFRWAT R T — 4B R RIE . 5t
Jo B 3 F T VG O T e I 41 A B, A Ak )
N EEEER ) RS B B TR BT
IR, H T B I A ek s B A 2 20 20 Y H
Fep RN . AEME U, % e T DL
T ok SR AR (R B g, e TR R A
DR, Eh b, M B B A R R R BN ) 2 AR AR,
WA SRR

1925 4F, & R AR Sy Tis st iR &
KRR, H i wn TR S KA 70 1 B A, 4%
it ¥R ) I R 0] ik 2 38 P2 5t R Y- 350 8 3 (0]~ 340 Tk PR
FERR ZR AR, A T AR BN H v Ny, A v T A
. BARRA KRR T N e 7, (A 2
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Table 3 Major contributions of the fluid dynamicists in the

stage of contemporary fluid mechanics listed in Fig. 10!
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Dhawan (1953)
Kolmogorov (1954), Arnold (1963),
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2010), Philip Drazin (1934—2002), Francis Bretherton
(1935—2021). Townsend B 7 i i 5256 W & 5
Batchelor — & 457 1 i i R RURE g ) [B] itk 4h, At
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XU FRVERG WA T AR
MBI 5 RS ) b T DA S g e R Y- T AR AL

SR T B TR, A EM Atmosphere-
Ocean Dynamics®. WA, Bl 1 13 1H# K. Moffatt
1,52 Batchelor M%7 42, At 4 A0S i B 18 A i 44
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EOA 5 DA A b A e o ARty BB XU B AR 45 V.
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