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Research on Relationships between High-Speed Coherent Structure
and Turbulence Flux
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Abstract The presence of coherent structures in turbulent shear flows is a great finding in turbulence research, which
shows the orderly flows in turbulence which seems fully random. This article analyses the high-speed coherent structure in
unstable PBL using the data measured at Pukou, Nanjing. These data include wind velocity measured by the sonic
anemometer at the heights of 40 m and 2 m, and the vertical profiles of wind velocity measured with a Doppler
wind-profile radar. The authors analyse the fluctuation velocity by employing wavelet transforming at the time scale of
400 s, and the high-speed coherent structure is recognized and located using the threshold value. By comparison with the
corresponding wind profiles acquired by radar, these coherent structures satisfy our convention understanding which has
long time scales (more than 5 min) and large vertical scales (about thickness of PBL). The nondimensional interval
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between the coherent structures for the three days is about 6, which means that at the distance of six thickness of PBL, one
coherent structure can be found. The wavelet coefficient of vertical fluctuation velocity is correlated with the

corresponding wavelet coefficient of horizontal fluctuation velocity, which shows that the downward vertical velocity
apparently exists in the high-speed coherent structure, this result is similar to the “Gustiness” theory in earlier research.
Sweep motion and ejection motion are two dominant types of turbulence motion, which transport minus momentum flux.
The high-speed coherent structure influences significantly the momentum flux by promoting the sweep motion and

restraining the ejection motion.

Key words high-speed coherent structure, wavelet transform, sweep motion, momentum flux, sensible heat flux
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IS AR TR KA E R, H
I FEWEFUEBENLFI AU YE (5E%, 2003).
20 2l 70 AFARLLUE . AR IRBEN LG it A7 A —
Loy DLAR R . R H B4 Sk, AT A5
(coherent structure)— 120" A2 B IRIAR 4R I A1
PLERAEN, B2k, it LUER 2 1)
P R FENFe € R a kA BRI, 3 I A]
B e 125 2 A MNEE ) — g P, R0
I 5E AT Sk W5 SR R IR TV (A, 1994).

U R IR FE R S50 (ramp) & —F it Y
IR EEAH 454 (Antonia et al., 1979), XANZiHTE
1T b 30 R AARAEAE e 5218 T B SR T
AR . A DBEFUR I A S E T, IRZS
SERUNR R KRB S, AAERBURE (ramp)
SR, G218 B SRR B ARSI T R
(Chenetal., 1997), MtAMEREL A E S, sl
Fe NS T SR ETHRAR T 45 R (Barthlott
et al., 2007). FIHEI 52 IR AH S5 K FAA 7 Ji R
a1 (streaks) [ T 41 < Ui (sweeps) F L 47 < i
(ejections) (Foster et al., 2006), iXFjFhizshxfkli<
Z IR R 7KV AR B B0l 2 oTik R K (Katul et all.,
1997). [ P fe LA 7 0 B XL MR X A7 70 R BIL
i, R b BT R R AR 2 S B 1
T, A Zm U B T R EAT B KU BT R AR T 4
oy, IXBDER R A2 A RORL AT b J22 21320 52 A
2 H BRI T EEER (FRE R4, 2007,
B EAE4E, 2007; Zeng, et al., 2010). ¥ s T
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Y MEIIEE . SIS HER AW, S
PR VNS, T AR 45 Ha 34T B 4 1
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PR RS T S8, R IR 2 AN TR
FEWIW 2 —— iR ahig g i 2 F0 E 7 85 V) ia

AT . I RIS E A WE A E RS R
7. Krusche and De Oliveira. (2004) 1 12 K& /&
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ol SR i) P Ry SR /0N Y0 AR 45 5 H A RS T KR
(AR T Z AL, HELE HH ) XA T &4 22 TR0 Y
ANf; Horiguchi et al. (2010) 1) FH M1 2% fik 5 JXE RN
PR AR N AT AT TR R e, I N AR R, R
H v XA T 45 K (high-speed coherent structure)
MR, I RN S 45 K 2 ) — B LA

LIS IO T &85 0 (0 7 1A 2 ER A (cond-
itional sample) (Singh and Greenhut, 1985; Williams
and Hacker, 1992) LA & #il % 73 #r (B2 =5 % 5%,
2007)0 A FRAT PR AP AR G i
& RREE R A R TN E (I, A AR
T-G5AE o G 73BT rh R o0S Ik Sl R H A T A L
JETF, AR I ) ROBE K1) 53 v 1) HE Bt X 1) A AH T
GRE o /NS BT A — T B SR IR SR AR O A
(R J7VE, AR PR it 8 a8 R T & K v W H 28
H4% (Gao and Li, 1993; Collineau and Brunet, 1993;
Chen and Hu, 2003; #3E, 1998; [R5, 2003). H
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e RO T 46K, JFA Y B s B o b XU s e vt
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D i WG TS5 A, JF 5 HoAtAEAN R il
AP RIS R AT L o RIS 3 — 28 2 B A
G5 e I B T XU DA K Sl R AT, SO e
IR AH TS R0 EATT R 5 o

2 SIS R EERALIE

2.1 WMWK N 4B
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DA o A0 DU AL T B ORI AR X R
Blgd Gz N, 8 40 mx30 m 5
(32.18°N, 118.67°E), JH[H G i K s 5 b g4y
42 500 m LA S PR R T ) ) LR K s Ak S
BRI S, QSR T AEXSPAHR B R AR AL,
JIE MO 1 Froas, VRN AT 2 ) i A5
(2009).

ARy 857 7 — 40 m & AR M
W . EBRIE 2 m AbFT 40 mdd, 35E T —&
Ik Bl E 4 DA, B B R R R I A
(CSAT3, Campbell Scientific Inc.) FIZK¥< kst
X (KH-20, Campbell Scientific Inc.), JHF-MlE<
) = HENK SR AR &, Bl R,
10 Hz, Ao EEOH R RAHT454, X
Py S o MV D, T VSIS, Rt T
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GERE AU T . BRI AT Ak AL 200 m
F 1500 m, ZrHEER 50 mo SFREIRAEEBE AL 126 s,
22 MRROFXwmRE T E

D44 B3> HT (quadrant analysis) & — 5 1 )
it UL 4 W A TP R I R 8 S R 2 b T Ik
(Wallace et al, 1972; Gao et al., 1989; Horiguchi et al.,
2010). FEIXFPAM MR, SRR u Aw ' 1 b
I NUIESR

u'=0, w=0 (AN HIZ3), outward interaction),  (1a)
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u'=0 w<o (FF1H23), sweep), (1d)
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W i sh. R B AEIm 2 b DL
M) (BhEama) MBI, PRI s) R RS
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Fig. 1 Surrounding terrain of the meteorological observation tower at
Pukou, Nanjing
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Fig. 2 The 60-min time series of (a) horizontal wind velocity and (b) their wavelet coefficient (color) at different time scales. z is height



43
No. 4

SRz lfeAE: e ATHUM T 45 R4 o) 0 R 2% 5 ) 1) SE BT 5T
GUO Yungian et al. Research on Relationships between High-Speed Coherent Structure and Turbulence Flux 737

ATLLE R RS RS 2 (1 mo Pfar) ALz
WA AT (Oke, 2004). T 4443 Ty VG AT
DRI, RICHREIRX . KA R 1 XA
K BIANTR], 5 500 e S AN [ X i
Ik, g kvt S ) SRR RE B AR AR 4k (Oke,
2004).

TR IR IK, h Tk — 2 i
AL, ATEMEAIPIEUS (PFR) X Hdm 3t T AR ARl
Tigd: (Wilczak et al., 2001; Yuan et al., 2011). 2L40m
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Fig. 3 Relation between normalized vertical velocity and wind azimuth
(averaged every half an hour) from 21 Feb to 2 Mar, 2006

10 T T LN RL R | v T
(a)
]_ |
—2/3
S 014 1
&
0.01
10-3 AL | T AL LR | v LA LA L |
103 0.01 0.1
fIH,

PR AT AL EE . AREE S B 3RS TR s
(15140 24 111 5 /NSFINF B A 7K P8 al  wcw ' —3185
ALK —4008 m*/s?). B SCIIACTFIEE u KR UG
PP G (PFR) A5 RIMAKCFAE I .

H oy AT I T E TSR AL L B /N A e 1) 5
B, MmO AT . B4 22 H24 H5
/NI (10:00~15:00) BN 40 mo ARl R IE N
(17w Fow BR 25 2tk 2ok dh G, 19 80 1) /NP
P S D R . AR N — b Th R 4 %
PO/ s f IR, PO A9 SR AR FL I A (1 3k
RS, why PRI

ACAE W, u B ow RSy, BT
—5/3 1, SES—E. u SRR T 0.0025
Hz 4k, X6F R ROEE A 400 s, #i4E Taylor e vl
DAFFHH,  WEAE AR 0] B —AN RUBE 1600 m 745 11K
W (40 m KRG 4 mis). IXAN KR 7K R A
A FH)ZRSE 1200 m HILLBS S, & Fe il A2
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Fig. 4 The normalized power spectrum density of (a) « and (b) w on 22 Feb 2006 (z=40 m). The spectrum density is averaged over the five-hour original data
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IRV IR i (L 11 I B s g s KU T 4544 (High-
speed coherent structure). 7 i XUHAH T 4514 1) 73 A
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Fig. 5 (a) Vertical profiles of horizontal wind velocity («); (b) horizontal velocity measured at the height of 40 m and (c) its wavelet coefficient (2a = 400 s),

the straight line denotes wavelet threshold 0.4
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s FRAT PR R IE KGR e AT A RN R U (24
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0.4), JFREMEETy (FIAAT-4ik) MR
(NP BOE IR vy T AT 258 AR A DGR JEE ml BA s
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Fig. 6 (a) Time—height cross section of wavelet coefficient for u profile measured by the Doppler wind profile radar from 1000 LST to 1400 LST, 24 Feb
2006; the corresponding time series of the wavelet coefficient for « measured by sonic anemometer at the heights of (b) 40 m (threshold value 0.4) and (c) 2 m
(threshold value 0.2). In (a), the light colour regions denote the wavelet coefficient larger than threshold value 0.18 (30% of the total profile), and the bars

below the profile indicate the periods in which the wavelet coefficient is larger than threshold value 0.4 at the height 40 m
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Fig. 7 (a) The wavelet coefficients for w (y axis has been reversed) and « from 1200 LST to 1500 LST 24 Feb 2006 (the bars indicate the periods in which the

wavelet coefficient for u is larger than threshold value 0.4); (b) the lag correlation coefficient between the two coefficients
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Table 1 The calculated efficiency factors for sweep and
ejection motion during 22-24 Feb 2006
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Fig. 8 The wavelet coefficient for » and instantaneous u 'w’ for sweep and ejection motion at the heights (a—c) 40 m and (d—f) 2 m from 1000 LST to 1500

LST 24 Feb 2006
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