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≢─ ⇔ ™─7 1

¸1974 4 ⌐ ─ ⌐ ⁹
¸ ─ ≢ ≢ ⌐ ≢⅝╢⁹

⌐ ⌂ ≢ ⇔ ™⌐⇔≡ ⅎ√

¸ ⅜ ⅝⅛ ⅝⅛ ⅛╠∏⁸ │ ╪∞⁹
¸ │ ≤⌂ↄ ∕℮∞⌂≤ ∫≡™√⁹
¸∕╪⌂ ⌐⁸ ≢ ─ ─ ╩

╪∞⁹ⱥכ♩▪▬ꜝfi♪≤™℮ ╩↓─ │∂╘≡
╡⁸ ╩ ∫√⁹

¸≤│ ∫≡╙ │≈⅛∏⁸ ╕≢ ╪∞⁹
 ⅛ ≤⇔≡⁸ ⅎ≡™√─│⁸

─ ⁸ ─
─ ─



≢─ ⇔ ™─7 2

¸1977 4 ⌐ ⌐ ⁹
¸ ∂ ⅛╠ ∂ ┼─ ╙ ⁹
¸ ⌐ │№∫√⅜⁸ ─ ─ │ ⅜ ⇔
⅛∫√⁹╙℮ ⇔ ⌐ ╩ ⅎ√™≤ ™⁸ ה
⅜↔ ─ ─ ┼⁹

¸ │⁸ ─◄Ⱡ
כ◑ꜟ ─ ⁹
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4.2 ─
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≢─14 M1

¸ τʺ Ⱳʺ ◕χ ḕẽχ ᾓπם ιμθ
ᾆχ ╣ χᾆẕעϬ ᵒΰο Φʺ1981 4Ὦτ ᶘ

Ԛχ ●ᴿ τ ᶘΰʺ ᾆẕעχЮрН˔τσϥʻ
1̧981 χ ᾆχЮрН˔ˢὁ ˣ

        ễ ╣ˢ ι38⅞˂ˣ
        ︣  ᾪҦᴥ ᵒˢ1981 ῇṍΤϣˣ
        ṪḂ ‰Ệᶙ
        ●ᶘ ˢD3ˣʺ ῢ ῪˢD2x ʺ ˢD2x
        ●ᶘ ⱱ ˢM1ˣ

Ҝθιԁ χ ●χᶘ ʻԁ ΥựΜχΥD2χ ʻ
M1χⱲψΜϧΜϧσᾆẕχΣ︣ Μˢ › χ ᴻὓʺ
Ặ ṓ χם עʺ ṓ χם ˣʻ



≢─14 2 ≢ ╩
Å ≤ ─№╢●☻─ ⌐⅔↑╢ ⌐ ∆╢

≤ ⌐≈™≡─ ⌐ ╡ ╗⁹

¸ ≢│⁸ ↕╣╢●☻─ ─√╘⌐C2H4
⌐He╛SF6╩ −⌂╠∏⁸™ↄ≈╙Ⱳfiⱬ╩ ═≡⁸

⇔≡≤ ⌂ ⁹
¸╕√⁸ ╩ ∆╢√╘⌐│⁸ ⌐

35cm/s)≢ ∆╢ ⅜№╡⁸↓─ ╙ ⁹
¸ ─ ╩A/D ⇔≡ ⌐ ╡ ╖⁸

∆╢ⱪ꜡◓ꜝⱶ╙♅fiⱪfi◌fiⱪfi⁹
Ҝ ─ ↕╪⌐ ⅔ ⌐⌂∫√⁹
¸╕√ ─ ╩ ∆╢ ⅜№╡⁸
∞∫√ ⌐╙ ⅔ ⌐⌂∫√⁹

Ҝ ─ ╩ ⅎ╢─│ ™≤ ∫√⁹
¸M1─ ╖⌐ ─ ╩ ⇔⁸∕╣⅛╠

╩ ≡⁸ ⇔⁸M2─4 ⌐
⌐⁹ ⁸ ⅎ╢≤ ⌐Ɫ▬Ɑ⁹☻כ↓╣⅜ ─♃▬
ⱶ☻◔כꜟҜ ⌐≈™≡│ ≢╕≤╘≡ ⇔╕∆⁹



≢ ⇔√ ─∕─ ─
─ⱶכ♪▪◄ ⁸

─☼ꜟⱥ◒כ▪ ™ ─



≢─14 3

⌐⅔↑╢↕╕↨╕⌂ ╩ ∫√

─ ╩ ≤∆╢CFD ─ ≤
⇔™  Computational Wind Engineering ─

CFD  Computational Fluid Dynamics



CWE ⌐ ╢ ─ 1980

Åὺ ḕẽῬᶘχ πψʺ70 ῇ ΤϣἋ ḩἰπCFD Υ
ϭπΜθˢ k- ⸗ʁ♦ꜟ⅜ ⁹

Å ψʺ ᾓπם ιμθΥʺᴒᵰχ ϒχCFD ᵫϬ
ϤθΜρ―ΠοΣϣϦθʻ

ҜϘήτζχⱲʺˢCFDϒχọ Ϝ ꜡Ϝ ΨσΜˣⱱ ΥˢἌˑˣ
ᾆτ ᶘˢ1981x ʻ

Å ᾆτᾆẕԌρΰο ϣϦοΜθ ὺ χ ήϭχέ◙ Ϭ
ΪσΥϣʺᾋ ᾋ ⱨπ ὓ▄Ϭβϥάρτσμθʻ
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NST ⱪכꜟ◓
(Numerical Simulation for Turbulence

1970

1 ⁸
2 ⁸
5 ה
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◦Ⱶꜙ꜠כ◦ꜛfi─2≈─ LES≤RANS
LES: Large Eddy Simulation
RANS: Reynolds Averaged Navier- Stokes equations

─ ⁸ ─ꜟכ◔☻⌂₁
(Eddy) ⅜ ∆╢↓≤⁹

LESה ⱷ♇◦ꜙ╟╡ ↕™
  ─ ⅝─╖⸗♦ꜟ

RANSה ─ꜟכ◔☻ ─
 ⅝╩⸗♦ꜟ

k-ʶΣASM,DSM

¸LES─ ⅜ ⅜⅛⅛╢⁹
¸RANS ─ ≢⁸k- ⸗ʁ♦ꜟ⅜

≢╙ ≢ ╙ ⌂⸗♦ꜟ⁹
¸DSM│╟╡ ≢ ⌂⸗♦ꜟ⁹
¸ASM│∕─ ⁹



(3) - 1 LES⌐╟╢ ─ ╣ ה ה
─ ─

LES Ҝ
 Ҝ

2

LES

1984 1985 ⁸™╤™╤LES─ ⅜ ╘╢⁹

1985 ─11 ─ ⌐ ™⁸ ╩ ⇔≡ ─ ⌐
⌂╢⁹ ⌐ ≢ ⌂ ─ ≤™℮─│ ⌂ⱪ꜠♇◦ꜗ⁹√∫∞כ



J. Ferziger Stanford 1986

¸1986 ─ ⌐ ⅜LES─ ─Stanford ─Ferziger ╩ ⌐ ⁹
¸ ╙♀Ⱶ╩ ⅝⁸ ₁─ ╩ ⇔⁸™╤™╤≤▪♪Ᵽ▬☻╩ ℮⁹



7th International Conference on Wind Engineering (1987, 
Aachen, Germany)≢│∂╘≡CFD× ─ ╩

¸Ferzigerễ ρχЉЬχ ᴮϜ ϘΠο Ϭⱱΰοʺ 7
ᵕ Ῥᶘ⁯∑ᵓṳτ ‍ˢ ʿיּ ˣβ
ϥϜʺЪІЌ˔ЈАЄдрτ ήϦοΰϘΞʻ

¸ Ⱳχ Ῥᶘψ ᾓЦ˔ІπʺCFDτם βϥӌΜψ
θΤμθʻ

¸ζϦπϜϛΫγτˢᵓ π ֳπΦϥΤ σϘϘˣ
ήϭτCGə Τϣ16 Э˔Р˔Ϭ⌠ ΰο Φʺ

ϸж˔ОрТϜ⌠ ΰοᾝ Ϥˢ100 ӟד χ Ɫ
ιμθρ◘Ξˣʻ
ҜṜ ╒◓15 ˙χ ήϭχᾖ‍έ ΨιήΜʻ
¸ Υᾝ π ӦԌτῖ ΰʺ ֳΰο Πϥ
άρτσμθʻ

¸άάπ Ῥᶘχ ᵦπCFD Υ ήϦʺӟ‭ʺ
τ⁯∑ᵓṳχ χӢם„ Υ Μ₅ϚϢΞτσμθʻ
ҜάχⱲτ θễἩʿϞϥⱲτψ τϞϦ˂
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LES─

ᵑ ─ ⅜
ה  1990

ᵒ ⌐ ⇔≡╙RANS⸗♦ꜟ╟╡╙ ─ ⅜

ה  1989
ה  1990

─ ↕╪≤─ ⅜ ⇔√ ⁸∕─ ─↓≤╩ ⅎ√⁹

ᵑ─ ─ ≢ ↕╪⌐ ™≈ↄ─│ ⌐ ⇔™≤ ⅎ√─≢⁸
ᵒ─ ╩ ↕∑╢↓≤╩ ⅎ√⁹
ҜLES─ ⌂ ╩ꜟ♦⸗RANS≡⇔≥☻כⱬ♃כ♦╩ ⇔≡ ∆╢



(3)-2 ὺ χ Ϧτ ΰθ ›χ
 k- ЯʁДиχ χᾖԍᵔ
ˢ1986̇ 1991 ˣ

Åk- ⸗ʁ♦ꜟ⅜ ≢╙ ≢ ╙ ⌂⸗♦ꜟ⁹

Standard k-emodel

Building

k

Wind tunnel experiment

Building

k

20



◊░ȡ ⱬ◒♩ꜟ─3

(i = 1⅜ , i = 2⅜ ⌐ ⇔≡ , i = 3⅜ ─

◊░: T─ ─

◊░ᴂ: ◊░≤ ◊░─

 ◊░ᴂ= ◊░- ◊░) Ҝ ⁸ ─ ≤ ┬⁹

◄Ⱡꜟ◑כ ─ ◊░ᴂ ─ ─ ─ ╩ ≢ ∫√

Ҝ ─ ⌐╟╢ ─ ⅝↕╩ ∆⁹

Ҝ ◄Ⱡꜟ◑כ ⅜ ⅝ↄ⌂╢≤ ╣⅜ ⅛⅝ ↨╡╛∆ↄ⌂╢ ⁹

332211
2

1
uuuuuuk ¡¡+¡¡+¡¡=

◄Ⱡꜟ◑כ ≤│ ḧ ◊░(t )χⱲḧ ᴟ



Wind tunnel experiment Standard k-emodel

Reattachment No reattachment

ᵑ ≢כ♫כ◖ ◄Ⱡꜟ◑כk⅜too large

ᵒ ─ ⅜too large

ᵓ ─ ⅜ ↕╣⌂™

ᵔ ⌐ ∆╢ ⌐╙ ⅝⌂ ∂╢
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¸↓─ ⌐ ⅝ √╡⁸⇔┌╠ↄ ╖ ↑╢↓≤≤⌂∫√⁹
Ҝ∕╪⌂ ⌐ ⅜k-e⸗♦ꜟ─ ─Brian Launder ╩

1987 ─ ⌐ ⌐ ™≡ↄ╣√⁹

B.E.Launder UMIST)

( 1987 ⁸ ⌐≡

ҜLaunder ⅜
₈bluff body ─╟℮
⌂sharp ⌂◖כ♫כ─№

╢ ≢│
⌐ ≠ↄ ─
─ ─

│ ⅜ ∂ ╢⁹₉
  ≤ ∫≡ↄ╣√⁹



◄Ⱡꜟ◑כ k ─ ≤ Pk

Pk : 

Ҝ

e : ◄Ⱡꜟ◑כ⅜ √╡⌐ ⌐ ↕╣╢

Ҝ

Gk : 

 Ҝ∕─ ─ ─ ≢ⱪꜝ☻/ⱴ▬♫☻⅜
∞≤ⱴ▬♫☻⁸ ∞≤ⱴ▬♫☻
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kG

(gi : , gi = (0, 0, -9.8m/s2))



-<ui uj >

dndn ijijtij

i

j

j

i
tji kSk

x

u

x

u
uu

3

2
2  

3

2
  '' -=-

ö
ö

÷

õ

æ
æ

ç

å

µ

µ
+

µ

µ
=-

⌐ ≠ↄ Pk─⸗♦ꜟ

ὖ όό
‬ό

‬ὼ
’
‬ό

‬ὼ

‬ό

‬ὼ

‬ό

‬ὼ

k-e⸗♦ꜟ≢ ™≡╢꜠▬ⱡꜟ☼☻♩꜠☻─⸗♦ꜟ

ˢⱨ◄ Ҝ ─ ⌐╟╢ ─ ⅝↕╩ ∆Ɽꜝⱷכ♃כ

k-e⸗♦ꜟ
─ ─ Pk
─



¸ Pk

LES

¸ LES k-Ů

ϵКиϻ˔k χ ꜠ χ ▀χ KP ‮ ᶓ

─ ─ ─



Shuzo Murakami, Akashi Mochida, Yoshihiko Hayashi, EXAMINING THE k-Ů 

MODEL BY MEANS OF A WIND TUNNEL TEST AND LARGE-EDDY SIMULATION 

OF THE TURBULENCE STRUCTURE AROUND A CUBE, Journal of Wind 

Engineering and Industrial Aerodynamics, 35, (1990), 87-100

, ⸗♦ꜟ ─ ⌐ ∆╢k-ɚ⸗♦

ꜟ≤LES ─ Ί ◄Ⱡꜟ◑כ ─ ≤ⱡꜟⱴꜟ☻♩꜠☻─ ─

⌐ ⇔≡, , (423), (1991), 23 - 31

Å↓─ ─ ≢⁸ ─ ⅜ ╕╣╢⁹
1989 ⁸ (1990 )─ )

Å Journal≤ ⌐ ╩ ⇔ ↕╣⁸
( ─ ≢│⁸↓─2 ⅜↓╣╕≢─ ─ⱬ☻♩─



(3) - 3 DSMהASM─ ≤ 1988 1995
Ҝ ─ │⁸ ╩ ™⌂™ ⌂⸗♦ꜟ

W.Rodi ) M. Leschziner (UMIST ) 

1988

1988 ─ ⌐│⁸ASM─ ─
◄כꜟ☻ꜟכ◌ ─W. Rodi
╩ ⁹



DSMהASM─ ≤ 1991 1997
 1997

⸗♦ꜟ⌐╟╢ ◄Ⱡꜟ◑כk─ ─  

( ⸗♦ꜟ⁸ )

(1) (2) k-e (3) ASM

(4) DSM (5) LES
  

  

 

DSM: Differential Stress Model
ˢRANSχ πΩϜ
ˢ ╛ˣσЯДиˣ

ASM: Algebraic Stress Model
ˢDSMϬḛ ᴟˢ ᴟˣ
ΰθЯДиʻ k-eЯДи
ρDSMχ ḧ ӡ ξΪˣ

ASM, DSM πψ·
χᵃ ᴣψ
ΰσΤμθʻ
ΰʺ·Υ ΰ
ήϛτσμθʻ



DSMהASM─

Å k-ɚ⸗♦ꜟ─ ◄Ⱡꜟ◑כ ─ ─ │ ⁹

 ⇔⅛⇔⁸⌂⅔ ╙™╤™╤ ↕╣√⁹

S. Murakami, A. Mochida, R. Ooka, Numerical Simulation of Flowfield over Surface-mounted Cube with Various 
Second-moment Closure Models, Ninth Symposium on Turbulent Shear Flows, Kyoto, Japan, August 16-18, 
1993

( ─ ™√♪ꜝⱨ♩╩♅▼♇◒⇔√∞↑∞↑≥⁸↓╣╕≢ ╦∫√ ≢
╙ ⇔™ ─

ʾ τ ΨχἰиДЯʺᴟиДЯχ‮ χΩ ᴟΥ ʻ͏ⱳᾕπψớϛο ╛ʻ
ʾⱱ ψ͕͌ ωτGive Up̒
Ҝk- ЯʁДиχᵠ ϒӱ“ʻ

Ωự◘Ξάρʿ
RANSρᾠμοϜʺ k-eЯДиʺᵠ k-eЯДиʺASM̋ DSMπ ψ ˑʻ
Ωựχέw!b{VS [9{έχṳ πʺάϦϣϬ ԁ ΫτΰοΜϥχΥ ṓτσϥʻ



(3) - 4  k- ⸗ʁ♦ꜟ─

1)Standard -Ů

2)LK model(Launder-Kato)(1993)
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3 MMK model(MurakamiהMochidaהKondoh) (1995)

en m /2* kC
t
= SCC /* W=

mm

mm CC =*

)1/( <W S

)1/( ²W S

LK Pk MMK

ɋ ɜt ( -<ui uj >

dndn ijijtij

i

j

j

i
tji kSk

x

u

x

u
uu

3

2
2  

3

2
  '' -=-

ö
ö

÷

õ

æ
æ

ç

å

µ

µ
+

µ

µ
=-

ὖ όό
‬ό

‬ὼ
’
‬ό

‬ὼ

‬ό

‬ὼ

‬ό

‬ὼ



─



─RANS⸗♦ꜟ─ ה ╩ ∂≡ √

ԁ σχψʺ τ σᵔὨ├Ϭ κ βάρπψσΨʺ

  χ βϥ ӟϬαμΨϤρ―Ποʺ ᵙτ βϥάρʻ

Ҝ ᵙσ Υ ϦωʺΜϧΜϧσ ΥΜϧΜϧσᵔὨ├Ϭ―Πϥʻ

ˢLKЯДиӟᵰτϜʺὺ ЀЗ˔ πχ -Ů─ ⌐

∆╢√╘─⸗♦ꜟ⅜ ≡ √ ⁹

Ҝ↓─ ⅜⁸∕─ ─ ה ─☻♃▬ꜟ╩ ╘√ ⅜∆╢⁹

34



(3) - 5 ╣⌐ ∆╢
- 2 ╩ ≤⇔√LES≤k-ɚ,DMS─ -

◄כꜟ☻ꜟכ◌ ─Rodi ≤─ 1991 1995  

 1994 ─ ⌐

ˮϸиЫр֞χ τ Ξ ṍ
ψ πψσΜχπʺRANSπϜ
™ᾝᴦ ι˂˯ ρΜΞχΥ Rodi

χ︠ ʻ
Ϭ ṍ ρ τ

ΰʺᶆˑτνΜοLES ≤DSM⁸k-Ů

─ ╩ ΰΨ ᶓʻ

Ҝζχῇχ RANSχᾆẕτ
ϬνΪθρρ◘Ξʻ

Wolfgang 

Rodi, ╕╦╡─ ╣⌐
∆╢LES ≤DSM⁸k-Ů⁸ ─ , 

, 59 (459), (1994), 49-56



(3)-6 Computational Wind Engineering
⌐ ∆╢ ─  (CWE92)

36

1992 ⌐ ≢ ─Computational Wind Engineering ─
╩ Chair: , Secretary

Ҝ ⇔™ Computational Wind Engineering (CWE)

─

¸Keynote ⅜⁸ ─ ─Big Names + ⅛
╠ Davenport, Stathpolos─All Star ⁹

¸ ↓─Secretary ╩⇔√⅔⅛→≢ ─™╤™╤⌂ ─ ╩ √⁹

1st day 2nd day 3rd day

J. H. Ferziger

W. Rodi

A.G. Davenport

S. Murakami

M. A. Leschner

A. Toshizawa

C. W. Hirt

A. Leonard

T. J. Hughes

A. D. Gosman

D. Laurence

T. Stathpolos

CWE92─Keynote 



1993 6 ⁸ ⌐⌂╢⁹

ᵑ Dynamic LES─

ÅGermano⅜1991⌐ ⇔√ dynamic LES╩ ≢ ╘≡ 1993)

37

(3)-7 ∕─ ─ ≢─LES─

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-2 -1 0 1 2 3 4 5 6 7

S model

DS model

Exp (Lyn)

S model : ἷχ SmagorinskyЯДи,   

DS model : Dynamic ἷχSmagorinsky

ЯДи

Dynamic LES Germano(1991)

─ ─⸗♦ꜟ C x,y,z,t ─ ╩ ╩ ╘⌂⅜╠ ⇔≡⁸↓╣╩ ⅎ≡
╩ ╘╢⸗♦ꜟ⁹



┼─Dynamic ⸗♦ꜟ
ˈ ≤ ⇔™⸗♦ꜟ─ ï( 1993 1998  ) 

¸Dynamic Mixed⸗♦ꜟ─
¸Lagrangian Dynamic⸗♦ꜟ─

 1994

Dynamic ⸗♦ꜟ╩ ™√●☻ ─

 ─ 1999 

│ⱴכ♥─ ∞⅜⁸ ╙

Dynamic LES ≢3 ─ ╩ ─ ⌐ ⇔⁸ ↕
╣√(1996, 1997, 1998)⁹
Ҝ (dynamic mixed │ ─ ╙⌂ↄ⁸ ≢ ∞∫√⁹



⌂╢ ≢│∆← ⇔⁸ ╩⌂↕⌂™⁹
─ ╛☻Ɑ◒♩ꜟ ─ ⅜ ⁹

ᵑ ─Ɽ꞉כ☻Ɑ◒♩ꜟה◒꜡☻☻Ɑ◒♩ꜟ⅛╠ ∆╢ ─
 1999

ᵒ ─3 ◄Ⱡꜟ◑כ☻Ɑ◒♩ꜟ⅛╠ ∆╢ ─
 ─ 1999

ᵒ LES⌐╟╢ ─√╘─ ≤⇔≡ ⌂
⌂ ─  (1994 1999

Ҝ ⌐ ≢ ─ ™ ⁹



(Meso ─ꜟכ◔☻ ⸗♦ꜟˣ

ה (Micro ─ꜟכ◔☻ ⸗♦ꜟ
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