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Validity of the LRR Reynolds Stress Closure Model for
Turbulence near a Water Surface

Yuji SUGIHARA™, Nobuhiro MATSUNAGA*,
Shinji NAKAHIRA** and Hiroyuki HONJI*

The validity has been investigated of the Launder-Reece-Rodi Reynolds stress closure model (LRR

model) for turbulence near a water surface.
lence in a homogeneous fluid with a finite depth.
ically simulated.
been compared with experimental data.

A model test has been performed for an oscillating-grid turbu-
Distortion of the near-surface turbulence has been numer-
The numerical solutions normalized by using the exact solution for the infinite depth have
A good agreement is seen between the both.

The model analysis

also predicts that a strong influence of a water surface on the turbulence is observed over the order of the in-

tegral length scale.
ter surface.
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These results show the LRR model analysis to be effective for the turbulence near a wa-
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Fig. 1  Spatial distributions of r.
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Tabel 1  Case specifications.
T Cs C# C- Cez Zs
RUN1 0.70 7.42X1072 17.06 9.61X1072 1.90 2.50
RUN2Z 0.80 6.13X1072 5.00 8.41X1072 1.90 2.50
RUN3 1.00 4.42X1072 2.50 6.74X107% 1.90 2.50
RUN4 0.80 6.13X1072 5.00 8.41X1072 1.90 2.00
RUNS 0.80 6.13X1072 5.00 8.41X107? 1.90 3.00
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Fig. 2  Profiles of % and ® near the water surface.

0.0 1.0 2.0 3.0

e

. AN~
Fig. 3  Profiles of ¢ and w”/u” near the water surface.

BT SIL) &, BOESATr—lol ~1.5EERED
HHERICESNTWBE Z Wb b, BiTid3EED
2 LTHBRTVE Y, 2 OELICEDL TS S
DRICBBIL S N BB SR BB 2 R 7.

Fig. 3 1¥, TRV F¥F—gukF ¢ LRETHELR
DT w'/u? OKEFLEEC BT 225 R
£ BAREEIGED LI LA » TN 2 2 L a5bhw
B, ZHud, KEEIC Lo TEHF~OEEAHL SN
Bz, KEEAETE QNI AV F— % Bk
Lahidh b b Th b, /e RARERE
TRBUCRET 205, KRAP,LLEBENBIZLP 2T,
r=0.87 5 HAICFHE S N A HL 33NEHE LTl
ZEWbRb.

Fig. 4 13, EARGOFEHEE»EL B2
EDut wOBRBOEERT. FEHEESIE
BI/NEW 7=0.7D47 —AZBWVTIE, o, w & HITK
RELET CREEBEEZRL TS, $/2, 7 250
TH5IE> T, KREOHEPUAL T LI EAD
WAhH. TOZ LI, SIL OE &), EARGOIFEHME
BIBKFEL T Z LR RBELTWA.

Fig. 5 i3, LRR 7V 0LEIE SN &, ¢ DKE
I TOBE) L EEHMENE TN TV WIZEER]
k-e EFNVRLEBEINFNEZRHBLAEDOTDH
. ZERR ke TTUNLEESND SIL DE ST
BAORSAFr—VosEREELLZY, LRR EFNVD

2.0

i
Uso |

)
=

Fig. 4 Dependence of # and w on r.

— &
koo
£

............. »

0.0 5.0 Z 100

—~
e

k-and E—comparisons between the LRR model
and the k- model solutions.



Y 8 4F AMKREREZERABETEZHMERNKE £18% £15 — 43 —
3/-\0 M T T T
1.5 i : . : . : . Ty |{° 2,=10.0 cm
o 2.210.0 cm T || @ Zs=125em 0 /NEAE
1.4, o Zg=125cm | AN p o | a=0cm
P s z=150cm . : °
=1.3 o 2=150cm — BRIl i RUN2
o
1.2 [ \OL . o @ o A o ~ / A
1.1 1.0 A = ——— 5
. o 2
| iA ) E{::ADAASAJ qJEoD A o,
1.0 Hor oL 2o 0¥ " o
0.9 : - : — 0.0 ' ' —
0.0 1.0 2.0 3.0 4.0 z 5.0 0.0 1.0 2.0 3.0 Z 4.0
oo Iy
(a) u near the water surface. (a) T, near the water surface.
2.0
W a ° z,=10.0cm
wa 1.0 T . . ° T o z,=12.5 cm /N
=01 A z=150cm
Ty, °
0.6 o 2,=10.0 cm 1.0 At S —
o zg=12.5cm JINERA ' A O
0.4 A ze=150cm o f A" 0" A
0.2 o z=150cm - Bl mlo ©° \*
. . 5 _ 8 oo
‘ zs—24.6lcm Chlu & Jirka a N RUN2
0.9 ! = off &
0.0 1.0 2.0 3.0 40 Z 50 0.0 A . L A
lus 0.0 1.0 2.0 30 2 40
(b) w near the water surface. lueo
Fig. 6 Comparisons between the numerical solutions with r (b) T, near the water surface.
= 0.8 and the experimental data for r. m. s. of Fig. 7 Comparisons between the numerical solutions with r

turbulent velocity.

BREPLRVERB.

Fig. 6 (a), (b) 13 ZNEN u, w DKKRMELENE
EICH L C »=0.80 5 EMR & /AMAME, BAGMHE®, Chu
& Jirka " OEREE LB L2 DO TH D, BEHRLE
BEOFNOEEHBIUSIL DESEFRL—KLT
Wh, FERBEICBNTH, T ICEBLsR
RN DOEENL, 2 KRS TEBHICRE S Z LA
bdd., IThSD—31L, LRR EFIVAKEmMIE
DERIBITICH LTENTHDZ L 2 REL TV 5.

Fig. 7 (a), (b) i, ZNEN r=0.80KEH»LE
ELZKFE, SREHMOENDY 4 L AT — )b

T, we T, wfe
N o~ = < (16)
Tu‘” uzm/em Twoo 'wzoo/Eoo

CEHNOHOHERE,CEEINES A LA
r—VOEBRETHEL-LOTHE. L, BE
MR EEEDY £ LA —VOEHRIIF—D LD TIX
BV, FNFROERGOE THEEMI SN -ERTT
BOEHEILEBHTHLEREL TS, ¥4 LA
T VOBBTIEEIHEHMN L LIE, T, PKEH
DBy HTITRELEETH—HAT, T, Fi3T
—EEE R TVWBI & THAH. Fig. 7T DLEDH,
LRR EFLA, ZOZEEHTEEMICIEZI I 2L —F

=0.8 and the experimental data for the turbulent
time scale.

LTWBZ EWbhrb, T, DEERHICOVWTIE,
HEfF L EREOM TETE R > Tnh. ZOFEEM
IEICE L T, Gibson & Rodi 2SE A L 72 KEKEH DB
EEPBEL 2005 LA LRV, ERMIZIE,
KEMEEORGEE I 2L —+T5LT, LRR
EFNEDPLRVENTHLLDEERITONS.

5. &

AR TIE, KREEFEOELFMATIZHIT S LRR
RIS A RBRRXNETVOFEMEICOVTRE L. T%
& LB AL OB L Bt ) A o T IRENRS
FERTH Y, RFETHRONIERETENT L L
TOXHkA.

(1) AREAPFEELLVERBICHET S LRREL
4 I VRIBHERREF VOB ZER L, LS
DFEFBEIZEFTNISTA—F Cy THREL TV
5T EWHLPIIR T,

(2) fRATICEDWT, REMETEMICE T 2 €7V
EHEAHEE S NI

(3) KEEIHEETIHEOBBERNTE1To72. #
R IZEEAG ORHE 2 AV CEBLENEE, K
KEOE S IKST, TEHLRGMZ DD

il



KREEEFEDEFUIN T 5 LRR IS HRIE 7N OEE

4) Bl rms BIXFIVALATr—VIZELT
WM L RO ERREA I L 72, ZOME, SIL O
EXREHNEEOERHICB VW THE TR —KL,
LRR &7V AKREEEOETENICEH TH S 2
EHTRENT.

AR ATFFE O —ERIL TR 7 SRR SCE A BB 728
WEHEDOBBODL ETITbh /-2 L2 LB#ELERL
9.

2 £ X |

1) Gibson, M. M. & Rodi, W., Jour. Hydraul. Res., 27, 233
(1989).

2) WIEEEA, FWILBER, KIFRmICE, 38, 821 (1994).

3) Launder, B. E., Reece, G. ]. & Rodi, W., Jour. Fluid Mech.,
68, 537 (1975).

4) MEHTE, BKIEHE, BE E, MR EAESH
&, 521/10—32, 93 (1995).

5) MIEHE, WkEHE, MRA TRESHUE,

503/ —29, 215 (1994).

6) Bl 2 & E, X. & Hopfinger, E. J., Jour. Fluid Mech., 166,
227 (1986).

7) INRFE, SEHIBUE, BN ET, BEEKER, KITEHR
&, 39, 819 (1995).

8) WifiFE =, /ARG, SHEE, BEEAE, HAES
SESOEIERFEMEMIHEASMESE, T—1, 554 (1995).

9) Chu, C. R. & Jirka, G. H., AIR WATER MASS TRANS-
FER, Wilhelms & Gulliver (eds.), ASCE, 160 (1991).



