
~7.I<*~t( $i.lHll:?'L~WD)Z:~ ~1~ 
Journal of Environmental Research Institute 
Yosu National University Vol. 1, pp. 47-55, 1998 

tH71 ~~I ~ 'd.ffif~.Q.1 Large Eddy Simulation "5H~71 tgj.Q.1 
~~2.I~OjI ~~ ~T 

* ~ 'ttrll~.Jl ~7cl 'i'!T~ 
** oj'Trll~.Jl ~7cl-t'-~:i!} 

A Study on the Algorithm of Large Eddy Simulation Technique 

of PBL Turbulence 

Chang-Joo Cho*, Seong-Gyu Seo**, Jong-Hyuk Park* 

* Environmental Research Center, Ownnam National University 
** Dept. of Environmentnl Engineering, Yosu National University 

ABSTRACT 

LES(Large eddy simulation) is an intermediate technique between the direct simulation of 

turbulent flows and the solution of the Reynold-averaged equations. The method is initiated by 

the introduction of a filtering operation which seperates the large-scale and small-scale structures. 

The large scales are computed explicitly, whereas the small scales necessarily are modeled. 

In this study, a LES model used three-dimensional incompressible Navier-Stokes equation is 

calculated for the numerical simulation of turbulent flow in the PBL. Instantaneous and detailed 

flow of velocity component was obtained with LES and horizontal mean vertical profile of 

potential temperature was indicated typical profile in the PBL. 
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91%~ 'T~ %~~~uj, 0] lJJAcJ~.g. %~]~ '?:!4r;<l]~ 
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~~ "f'-~]%~~ ~ RANS(Reynolds averaged Navier­

Stokes) lJJAcJ~ g o]%~ %~~7]Jtl0]q. "5}7-]li!­

0] 7]Jtl.g. ~"'-Jo] q-e \!-ff-%%~oj]Ai91 ~ %% 

T~~ li.{1~~~ .5'..r:ill"5}7]oJ]~ ~~-8:- ~~]{l% 

7}7-]2 ~q. o]~~~~ 7};<.J o]"'-J~~ %~~7]Jtl 

~ DNS(Direet numerical simulation)~ ~~~ 

~~t-11l), DNS~ \!-ff-.5'..~% A}%"5}7-] $l2 1:l]AcJ 

"'-J Navier-StokeslJJAcJ~91 "f'-~]%~ ~ T"5}~ 7]Jtl 

o]q. %~~ error~ \17-] A}%~ "f'-~]%~~ erroroJ] 

.91~ ?!0]2 ~~~ ~~oj] 91"5}cj error~ ~~ "f'­

~q. .:z.c]t..]- 0] lJJJtl~~ \!-ff-%%91 .5'..-i§- ~~ 

~ %~~"5}7] ~%~Ai~ rJ1~ Re 9/4 (Re: Reynolds 

"f'-)li!-%91 zoj7-}{l0] :i€!.R"5}cj ;zj]~A]Z!-0] l'J"0] ~ 

R~~ l:i!{l g 7}7-]2 ~q. 

LES(Large eddy simulation).g. RANS~ DNS91 

'FZ!-\1;zJ]91 %~~7]'il~ 1970\1rJ1 7]"'-J"§]-A~oJ] .91 
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Fig. 1.	 Typical filter functions. 

(a) Gaussian Filter (b) Cutoff Filter 

(c) Tophat Filter 
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Fig. 2.	 Relation of various filters8
); 

GF(---), CF(-), TF(-·-·). 
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Leonard stress (11) 

Cross term (2) 

R jj = u/u/ : SGS Reynolds stress (13) 
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- _ 1 (aUj aUj)Sjj--2 -a-+-a- (21)
Xj Xj 

0:]7]Ai, lIT-i=- 9J-~Ad(eddy viscosity)lll9-°]t:9 ll] 

{lJ,.1Z!-% ~Q}i>}.J!.. 1oIJ-~-6l9-1 %~~ ~o-j0l= i>}-i=- lti 

71i2.%% If] i>}7] ~ i>}0:] t:119-~ .Q..i2. 'i:! -i=- t:~1 ~ z;j 

7-}-i=- %1oIJ-Ad01.J!.. -rr~i>}71 trJl~oJ] t:119-~ .5'..t:,y ~ 

9J-~Ad% ;;{d~i>}71] ~~W 9- ~r:J-8). 

lIT=z2V2S jj S jj (22) 

0:]7]Ai l~ ~01~71]~01r:J-. 

Germano%lO) ~ dynamic eddy viscosity model 

% ~7~W;1-i=-t:~1 01 .5'..t:,y ~ grid filterC -.i2. IE 

Al)9J- test filterC ~'i2. lEAl)9-1 f-7}7-1 O:]:i!j-W9-~ 

J,.}%i>}0:] 9-7.]%~-!>:jo] ~8"HloJ1 u:j-i!} %~.Q..i2. .5'.. 

t:,y ll]9-~ ~;;{d i>}-i=- loIJ-Jtl 01 r:J-. test filter 9-1 37] 

( Z)-i=- grid filter 371( 6)5!.r:J- 3t:9 grid filter7} 

N-S loIJ-;;{d-6loJ] 9-1~~ trJl SGS ~ ~o] rjjo]1i1 l:J]~ 

~ 1oIJ-~~ test filter9-1 subtest scale %~~ T jj 

i2. IE~s;J t:9 %~ W:3 Q'j 9-1 'd-ff- ~ ~ L j/= ~-

~~-i=- %~~C:3Q'j9-1 7}7'J- -3j-~ 37]7} Reynolds 

~ ~.Q..i2. {!~s;J-i=- -3! g t..l-El-t.11 ~ t:~] o]-i=- SGS ~ 

~:i!j- %~~% ~~ trJl~~ ~~~* ~~~ 

two-part model1ll
• Bardina model12

) %s:. ~] A] s;J 
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-i'f-oj]1--jA]~ 11--g-~2 ~"5-.6:J~~ ~oj]1--jA]~ ~~ 

-Bq.. 

SGS \:!-i'f-~ 'goj]1..:]A]~ e' (e = u' u' / 2 )c} 

"8"}2 N-S 13JAa~% Aail"8"}~. 

ae - ae -- au­
"t =- Ui-"-- u,:u/~a aXi aXj (25) 

7} -Bq.. ~1i!J..91 ~~%J~ downgradient diffusion 

assumptionol] .91%ij 

u':(e'+p'/po) = -2K ae' (26)maXi 

(27) 

Ck = 0.19 + (0.51l/.1) (28) 

grid scale"?:­

/',. = (L1xL1yL1z) 1/3 (30) 

ae _ -~(u-e)+K ( au; + aUj ) au; 
at - aXi' m aXj aXi aXj 

_JL K ao +~(2K ( ae))
80 h aX3 aXi max; 

-312 
- Ck--7- (31) 

-" -I'::'HA~3. TA 0 -, 

~ .5'..~.91 71]~z;j::z.~ 40x40x400]2. %il~~~ 

10km x lOkm x 2.4km 0]2 71] ~oj]~ Cartesian ~ 

Jf.7j]~ ).}%"8"}~q.. "8"}l..}.91 z;j::z.}oJl).~ £~ 1i!J.9-7} 

%~;<J~oJl).~ 7j]{}~2 ::z.PJ~~ ~~ol] ~~.6:J'i} 

~~{!%o] ~o:j\t 9- ~~E.~ o]~H} ~;;(f]~~ 

%ij~"8"}7] .'fl"8"}0:]. c;;!~~ z;j::z.}oJ(staggered grid) g 

s:. ~ "8"}0:] ~~.91 71] {} g 'UAa ).]7]2 ~ 71] oj]).~.91 

~~3:::ct% Z!-~"8"}71] "8"}~q.. Fig. 3..?:- staggered 

grid.91 ~ ~.6:J "8J Ell ~ l..}E}'iR -3! 0] q.. 
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f:::.. : u velocity • : scalar 
o : v velocity o : w velocity 

Fig. 3.	 Generalized 3-Dimension 
Staggered Grid. 

FDM(finite difference method)% 0]%"8"}e:j JB o1 

~lolpa-6J.91 ~).}%~ ~ .:r-"8"}~~oj ;zj]{!-.g- SIMPLER 

(Semi-Implicit Method for Pressure-Linked 

Equations Revised)1olJ-~13)% ).}%"8"}~q. ~~ ).1 

{!-tiJ-oJ1 rJl%~).-H:· ~~~}~~ g. o]*tiJ-oJ] rJl%~).i 

~ %.AJ-~}~ ~ g. ..::z. c].2 ~{!-tiJ-oJ] rJl %~).i ~ ~{l 

~}~~ g ).}%"8"}~q. 

3.2. iE71 ~ ~J.lI~{j 

.!f-~}!f:!.:&i1 '[!~lolJ-tiJ: rJl*4fs:.9} .g.s:. ~ ).]{} 

oj] rJl ~ 1:7]3":~ ~ r:J-%."i!j- ~q. 

(32) 

(33) 

u=v=o	 (34) 

(35) 

u=v=w=o	 (36) 

e:j71).i, r.g- -0.5011).i 0.5).}01.91 .!f--3}.!f1"i=-(random 

number) 0] q. 

AJ--¥-.91 "i=-~ lolJ-tiJ:.91 4fs:.Aa~."i!j- zr'6 scalar rJ=.91 

).l{}oJ] rJl~ li!J.~rJ=.g- 0°].2 "8"}~011).i '[!~lolJ-tiJ: 

4fs:.s:. oolq. ~~ "i=-~lolJ-tiJ: 4fs:.Aa~%~ A1R 

li'!oJ1 ZlAHlo1 ~;A~"8"}A1 \'J"~E..~ -3l Jti~~ ZlA}~ 

oJ]).i.91 u9} v 4fs:.Aa~.g- Rli'!o}~4fs:..£.-¥-"Ei 711 

{!-!C1'Xt~oj o]~ 7,3;1j]3":{i~~ )'}%"8"}~q. 

(37) 

4.1. Potential Temperature£1 ~6j~~ 

.g..!f1.91 '[! ~~£.~ rJl71.91 ~~a Aa g ~li±"8"}~ 

7]1:~ O]f-~ r:~] .g..!f1~ ~7].91 li±~.AJ--;;-."i!j- "8"}7J­

oj] .!f--t!-"8"}J1] .!i!.~!C17] lIJl~o]q. Fig. 4~ '[!~~ 

li'!AJ-<>1j).i "i=-~~TI- .g..!f1.91 '[!~~£.~ 1-}Et';l! 1! 
o]q. .g.s:.(T)9} .g..!f1( 8)9}.91 -t!-;Ij]~ qg -6J."i!j­

~~oj 

P ) RIC,
8=T _0	 (38)( P 

e:j7]).i, Po~ 71~.2s:..91 7]'1J-. P~ 7].g. ~~a .2 

s:..91 71 '1J-% 1-}EtL.11 oj R."i!j- Cp~ zrzr 71 ~jAJ-"i=-9} 

1:l'1J-I:l]~% 1-}EtL.11.2 R/Cp=0.288o]q. 

Fig. 4oJ] 1-}Et';± 1ol}9} ~o] R Ii'!oJ]).i ~ '1J-?il~} 

oj] .91~ rJl*~AJ-°1 ~~"8"}E..~ .g..!f1~}7} 3.71] 1-} 

Et1-}oj AJ-~-¥-(over z/Zj= 1) oJ]).i ~ .g..!f17} ~ 7} 

"8"}~l'11. o]~ rJl7]7} ~~aAJ-E!loJ] ~q.~ ~% .!i!. 

e:j 2f'.2 ~ q. 0] ~ * Deardorff21 .91 ~."i!j-9} s:. 

~~]"8"}oj {J~~."i!j-14)~ ~ .£.).}"8"}~q. 01 ~."i!j-~ 
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-lj!-E~ ~ 01 ii}%~.£.-If-E1 ~ '€:"~ ~ ~78 ~ .'f1 011 J.~ 

;;>;~;;<J-~:::: 3!g ~ ~ ~q6). 
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Fig. 4.	 Vertical profiles of the horizontal 
mean potential temperature. 

Fig. 5~ 'i:! 3J ~ \'1 ~J-oJl J.~ 4r.5:..9.1 'i:! 3J 1olJ-"8"J: J.a-l'E­

( w) g t..j-E.}1.-1J.2 ~q. °1 'i:! 3J 4r.5:.~a-l'E-:: 'T'£'­

(a) 

y;-n. 01 If- ~VJ-%.9.1 ~ "8"J:llJ1 ~oJ1 4r.5:.J.a -l'E-.g. ~ If-;;>;1 

Q:jOJ1J.~ '@"7'}'£'--& ~3J~J-%g li!.°1.2 ~q. Jil-\'1oJl 

~~~~ 4r.5:.~-l'E-.g. ~W%1.-1J~~ llJ1~ ~~~ 

~~ol 01if-~;;>;1~ 3!% ~ ~ ~q. 

(b) 

Fig. 5. Contour plot of w in a 
vertical cross sector at 
y/z; =3.2. (Contour Line: 

-1.5. -1.0. -0.5..... 2.5. 3.0) 

Fig. 6.	 Contour plots of vertical velocity 
( w/ w.o) at the normalized height 

z=O.lz;, O.5z;. and1.0z;. 

(Solid and dashed line represent 
positive and negative value. 
respectively. ) 
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Fig. 6.g- .!f-~H! ~01 z=O.lz j. z=O.5z j.9} 

AcJ~% y.E}'i!! 3"!0]t:l-. z~O.lzjCd "8}~oJ]J-i.9.1 

4;=-s:.~ .5!.~ (a)oJ1J-i~ "f'-~~01 ~~"8}711 y.E}'i:f 

% ~ "f'- ~t:l-. z=O.5z j(Fig. 6. (b))oJ]J-i~ "f'­

~ ~.9.1 ..il~}~ ~.£. ~ 7~ .9.1 7J-~ '?:! 3J 4fs:. 

plume °1 y.E}J;l-S!..J:9. z=l.Ozj(Fig. 6. (c))oJ]J-i 

.5!.~ 1:1}.9} ~o] ~017} ~7}WoJ] rrJ-c} "8}~ 4fs:. 

7} ~J-~ "8}~ A1 '2'J 01 ~ OiA] ~ Jil-;:! '?:!3J ....J-tiJ.9.1 4f 

s:.AcJ~~ ~J2. 7J-%~~ ~ * "f'- ~~J:9, Schmidt 

& Schumann6).9.1 ~~.9} -BA"8}51t:l-. 

"8}tiJ.9.1 ~~ ~'2'J.g- '?:!3J4fs:.oJ] rJl~ ~~~s:. 

W"f'-.9.1 3~} .2.~E(skewness)oJ] .9.1~ ~~0]J:9. 0] 

~ plume~~~ pH- ~~~ ~Jfl~ 7}A1J2. ~t:l-.15) 

5. ~ ~ 

LES(Large eddy simulation) ~ 3J~;lj1~~~ 

Reynold ~TI- llJ-AcJ~% o]%~ %~6j~.9.1 'F:Q-oJ1 

4;=-"8}~ %~6jllJ-~S!...£. e:j~~~(filtering)~ ~z;j;;<.} 
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3J~ ;lj1~-Bt:l-. ~ '?:!-=j1-oJ1J-i ~ ~7}A1 filter W"f'­

.9} SGS .2.~ ~ ~7~"8}51S!..J:9 LES~ 0]%"8}e:j ;lj] 

~~ ~~~ .5!. 51 t:l-. "f'-~ llJ-tiJ il'J -IT .g.s:..9.1 '?:! 3J 

~£..~ ~"8d -3j Cd rJl 7].9.1 AJ-Ell ~ .5!.e:j 21=-J2. ~S!.. J:9 

o]~ ~~~~ ~ Deardorff.9.1 ;lj]~~ 1:I]~"8}51t:l-. 

4;=-s:.~£..~ ~0]7} ~7}woJl u:J-c} "8}~ 4fs:.7} ~ 

J-~ "8}~ A] '2'J 0] ~ Oi A]~ Jil-;:! '?:! 3J AJ-tiJ.9.1 4;=-s:.AcJ 

~.g. ~J2. 7J-%~ ~ % * "f'- ~~ t:l-. 
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