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TURBULENT TRANSFER PROCESS OF VERTICAL
MOMENTUM FLUX IN THE ATMOSPHERIC
SURFACE LAYER

Taiichi HavAsHI

Synopsis
The turbulent transfer process of the vertical momentum flux in the atmospheric surface layer
is investigated. The transfer process of large vertical momentum flux is associated with the phe-
nomena which are not considered as the random fluctuation. The quadrant analysis of wind
velocity fluctuation shows that the contribution of vertical momentum flux from the forth quad-
rant (u>0, w<0) is lager than that from the second quadrant (u <0, w>0). The intermittent
transfer is evaluated by the conditional sampling method. The vertical momentum flux is trans-

ferred efficiently in the case of the maxima of the streamwise wind velocity fluctuation.
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Fig.1. Sample traces of three components (%, v, w) of wind velocity fluctuation and vertical
momentum flux («w). Units are m/s for wind velocity and (m/s)* for momentu, flux.



266 BAMKIFERTER  £315B-1 BE63. 4 (1988)

722 43, Fig. 11213, BELHO 3KS «, v, w RPEHEOREHER ww DIFTHO ML -2 IR
T, ww DL =R, L EEER ZROEHHROND, EREHOEAERC KEERTIS,
AL ER P R HREE L HOBITIC L 5T, N— R F 2 EOBREHOMBES ORBESEATY
BV DIz L, KEEHBT T, BRBTLHNERORES L OB LoMEN -0, EBEDH
8% O B ROV T OIS IEBI§ X%,

Z T, HEASEBENERTCBWTEL N RREBORLEE b LIC LT, FAREEZHY
TR LRI OWTHRET 2, BV EEHE, ThITIC, FELICLS, FEMROBITE, HER
BORBERME R ARY MUk EOBED TV I H G b 0 & FEHCE L 3R TR T REERHC L 5T
BONLRELBOLFETDH 5,

2. B LUBHOBRR

B, UK KRR QBN ERIE T, 19804128 25844 1 AOXFEFHMOR S LEFIAT
Bot. SOk ED, EHEME, kA2 VL, ARXETHE, ZOFBOA LR, H2kmilb7zoT,
TR TH Y, BS 2mBEORKIE STV, BHERSIE, ZOERLIILY, H310~20cm
DRETELRT VD, BGEEED 351, BE 12cm CHY 17 5 i 3 RTBEKREER (#BLE
K PAT311-1) 12 o Tl L7zo BHIEEEIZ, 1E305& L, BEEBOGE L, 0. 258 HKMELL
T, AT — Tk L7z COBEE D EICLT, WG > CEHEOEBR ZFHH L7,

3. REREEBOHE

WBH L2120 8RN0 RELEHO 3 HT «, v, w OFHHE, E#{E %, Skewness, Flatuess D%
Table 1 {2573, FHEGEIX, WTFROBRSITY 6 m/s U ETHENBENOT—7 Thb, ZOBJAUT
i3, REOHEIRTE - Tz, KADANLRLEEOFMIETE LRV, REFRBEHAEVIL
oh, HIPTIRETH--EELLND,

ul w D2 RTHEREENA /e CTHh-DD, Fig. 2a) THb, ZOFIIE, Runl iZ20WTOHDT
b5, DhOKEIE, BEEEY 100ELELNDERLTWS, HFOFELNTVEDR, EBIZIZ, B

Table 1. The statistics of three components (#, v, w) of wind velocity

fluctuation
RUN MEAN RMS SKEWNESS FLATNESS
U o, o, Oy S, S. Se F, F, F,
m/s | m/s m/s m/s

1 14.03 | 338 268 203 014 014 011|282 355 320
2 1362 | 350 241 1.89 028 —002 009 | 290 319 315
3 1221 | 288 242 172 011 —035 0.09 | 290 333 310
4 1121 | 363 249 185 0.50 012 002 | 322 311 326
5 912 | 270 192 145 030 012 008 | 289 369 326
6 754 | 231 192 129 023 —006 012 | 316 325 309
7 820 | 227 203 132 0.17 —0.08 024 | 275 302 326
8 1020 | 256 213 161 0.10 —0.08 009 | 280 341 354
9 971 | 254 215 153 0.00 —0.15 0.17 | 261 309 335
10 1076 | 3.19 244 174 025 —020 015|292 317 3.09
11 753 | 229 177 122 043 —028 019 | 348 336 343
12 690 | 195 166 123 | —004 —021 004 { 282 322 313
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Fig. 2a. Joint probability density dis- Fig. 2b. Difference distribution of the

tribution of # and w for Run
1. The probability density is
shown as 100 times of its ori-
ginal value.

joint probability density be-
tween the observed one (Fig.
2a) and the Gaussian. The
figures show the relative dif-
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observed
probability density for the
Gaussian as percent.

ferences of the

WERGETAINE S, FOMEINEL, 1UTOBETHE, ZHBIZBENESRZ (ZLIZ0DFET
b, BEBEOLENYE, «ilo0TiE, ZOBERXE 0 0—2.5(25 38, wlil2WTiE, 0, D—
4588 S4. SIEQBPICEA o TWh, B28B (4<0, wx0) LEL4RM (20, w<0) IIBITHHE
REEDOLEDD 2R THEBE, BLEMOFERLKRE Y, TOFAE 2 RTIEHBEEEE MM & & LK
LCHATe 2RTEFHERFBER un=u/0y, wni=w/on&ThE

wn®— 2runwat wy’
21—r%

_ 1 _
Plun, wa)= 2ﬂ(1_r2)wcw[
THhb, 22T r=uw/o,o0T, O RunlTit, uw=2.15m/s, 0,=3.38m/s, 0,=2.03m/s TH 5,
Fig. 28) IR L7 u & w D 2 RTHERFEEOBIMEL P (un, wn) EDEXR P (un, wa) IIHTHEES
HTRLDOMFig. 2b) Th b, BEMEIZ, BEAL L8 LIATE, SLERSHEOBIZIEND
B, 2L LTI, 2RTEHRBREESAT, u & w2 REMEEEIIERHAL I 5,

4, EBHBOBEH=EOMEE

TARTOBHFICH LT, THEXOEEEHEEIZOVT LHEIEZKD, Table 2 1Z7R$, Skewness
i, $RCOBHBITATEYIZ—1.35TH Y, Flatness 131 BTERFHOBEN 3 LRIV,
FERELTHEOEBBOEBREORKMEZHE TS L, RunI 2BWT, THEDBEDHTHKIV,
uw DHEERFEODH] (Runl) % Fig. 3IIRTH, EMCRINIERTALIIRR G H R LT 5,
uw/ < —2, uw/0w>3 T, Bl SNWHEEEE, EHESATHFENLIDIN BRIV, &
DI L, uw DEBHFT > FATREL, uww DREZEENALT ¥ 5L EIEHERLNRCEBOFTR
FRMELTWD, BFIRREE I, AELE vw OBREFFERERSFETRATEDZOIIHL, £15
D uw OEEFENELR - 120H * R T OREKE,



268 WRBE KAFREER S $315B-1 IE63. 4 (1988)

Table 2. The statistics of vertical momentum flux (— uw)

UPWARD | DOWNWORD
RUN | MEAN | RMS | SKEWNESS | FLATNESS MAXIMUM | MAXIMUM
_Ej auw Suw Fuw
(m/s)* |(m/s)? (m/s)? (m/s)?
1 2.15 6.95 —1.43 11.20 —34.75 72.79
2 2.32 6.70 —1.16 8.87 —41.43 51.15
3 1.75 497 —1.37 10.26 —~27.02 49.06
4 2.26 6.74 —1.65 15.46 —38.01 88.50
5 141 3.78 —0.97 9.31 —33.04 36.12
6 0.95 3.23 —1.33 10.87 —27.96 33.01
7 1.03 3.09 —1.36 8.79 —15.36 23.03
8 1.20 4.18 —1.05 9.14 —24.79 3245
9 1.39 3.87 —0.83 943 —39.10 27.44
10 2.23 5.60 —1.58 12.26 —43.51 66.53
11 0.98 3.05 ~2.09 22.01 —28.85 43.05
12 0.86 240 —1.32 9.58 - 10.96 22.05
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Fig. 3. Probability density distribution of vertical momentum flux («w) for Run 1.
Solid line shows the Gaussian.
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i) u<0, w=0  ejection

i) #<0, w<0 inward interaction

iv) u=0, w<0 sweep
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Fig. 4. Quadrant distribution of frequency of vertical momentum flux.
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Fig.5. Quadrant distribution of contribution of vertical momentum flux.
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Fig. 6. Conditional average traces of three components (#, v, w) of wind
velocity fluctuation and vertical momentum flux («w) when the max-
ima of u are more than the three times of « nu show the average trace
of normalized « by maximum of «.
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Table 3. Conditional statistics of vertical momentum flux when the maxima of the streamwise

wind velocity fluctuation are more than three times of rms of u (o.)- —uw is the 30
minutes average of — uw and — zw, is the 1 second average of —uw
RUN DETECTED | TOTAL |CONDITIONAL RATIO TIME FLUX
NUMBER | AVERAGE AVERAGE FRACTION | CONTRIBUTION
—uw — aw, — uw/(— uw)
(m/s)2 (m/s)2 % %
1 11 2.15 8.96 417 0.61 2.55
2 11 2.32 13.92 6.00 0.61 367
3 10 1.75 10.03 573 0.56 3.08
4 25 2.26 11.85 5.24 1.39 7.28
5 15 141 5.54 393 0.83 3.27
6 16 0.95 6.18 6.50 0.89 5.78
7 8 1.03 6.31 6.12 0.44 272
8 4 1.20 6.31 526 0.22 1.17
9 3 1.39 321 2.31 0.17 0.39
10 12 2.23 11.78 5.28 0.67 3.52
11 22 0.98 9.95 10.15 1.22 1241
12 5 0.86 8.19 9.52 0.28 2.64
Table 4. Same as Table 3 except for when the minima of the streamwise wind velocity fluctuation
are less than three times of — o,
RUN DETECTED | TOTAL |CONDITIONAL RATIO TIME FLUX
NUMBER | AVERAGE AVERAGE FRACTION | CONTRIBUTION
—uw — uw, — uw,/(~ uw)
(m/s)2 (m/s)2 % %
1 — 2.15 e e —_— —_
2 — 2.32  — e _— —_—
3 1 1.75 16.19 9.25 0.06 0.51
4 — 2.26 e e —_ —
5 — 141 —_— —_— —_ e
6 1 0.95 16.67 17.55 0.06 0.98
7 — 1.03 e _— _— —_
8 6 1.20 9.01 751 0.33 2.50
9 4 1.39 6.64 4.78 0.22 1.06
10 — 2.23 e —_— —_— —_—
11 — 0.98 ——— —_— —_— —_—
12 2 0.86 5.95 6.92 0.11 077
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