
V o l
.

6 N O
.

l A C T A M E T EO R O L O G IC A S IN IC A 19 9 2

T U R B U L E N C E S T R U C T U R E A N D T R A N S F E R

CH A R A C T E R IS T IC S IN T H E S U R FA C E

L A Y E R O F H E IFE G O B I A R E A
*

肠ng Jie m in( 王介民)
,

L iu X ia o hu (刘晓虎)a n d M
a
ya

口m ing (马耀明 )

L a n z h o u In stitu te o fPla tea u A tm o sPhe ric Physie s
,

A e a d e m ia s in ie a ,

L a n z ho u

R eee iv e d D e ee m b e r 17
,

19 9 0

A B ST R A CT

B a sed o n the H E IF E 1 9 8 8 a n d 1 99 0 Pilo t o b se r v a tio n s
,

a n a n a lysis o n th e tu rb u le n ce st r u e tu r e o f G o b l su r fa c e

la ye r
,

m a in ly o n the sim i摄 r ity fo rrn
u la tio n s o f w in d a n d te m Per a tu r e va r ia n ee s

,

the s Pee t r a a n d e o sPe e 屯r a

e ha r a e te ristie s
,

15 Pr e sen te d
.

T he Phe n o m en o n o f d o w n w a rd w a te r v a P o r fl u x o v e r G o b i d e ser t in d a ytim e is e o n fi r m e d

in b o th o b se rv a tio n s
,

th is a n d the w e ll一k n o w n
‘
o a sis e

ffe
e t

’
a r e tw o s id es o f a lo c a lm eso se a le eire u la tio n

.

K ey w o r d s : H E IFE
,

G o b i
,
su rfa e e la ye r , tu rb u len ee stru etu re

,

tu r b u le n ee t ra n sfe r

1
.

IN T R O D U C T IO N

In the
‘ a tm o sPhere 一la n d su rfa ee in te r ae tio n Pro c e sse s e x Pe r im e n t a t H e ih e

凡
v e r B a sin

(H E IF E )
’

the re a r e fi v e sta tio n s lo ea ted in the o a sis
,

G o bi
, a n d d e se r t a r ea

.

T h e su rfa c e d iffe
r

-

e n c e o f th ese a r ea s e a u se s a PPa r e n t d iffe
r en ees in th eir b o u n d a ry la ye r str u e tu r e s a n d in e ha r a e

-

te ristie s o ftu r b u le n c e tr a n sfe r o f en er g y
,

w a ter v a Po r , etc
.

T he s tu d y o f the se eh a ra e te ris tic s a n d

th eir in te r re la tio n 15 a sPe eia l fe a tu r e o f H E IFE
,

w he n e o m Pa r ed w ith sim ila r e x Pe r im e n ts c a r
-

r ied o u t in o th er e o u n tr ie s
.

A b ir d
’ s一 eye v iew to th e w ho le e x Pe r im e n t a l r eg io n 15 m a in ly a la r g e

a r ea o f G o bi a n d / o r d e se r t
,

w ith so m e o a se s d isPer sed a lo n g the r iv e r a n d ir r ig a tio n e a n a ls
.

T he s u rfa e e sta te o f th e o a se s 15 c o m Pliea te d d u e t o th e n e tw o r k o f e r o Pla n d a n d w in d b r e a k

tr ee s a n d th e sea t te r ed re sid e n tia la r ea s
.

C o m Pa r a tiv e ly
,

th e G o bi su rfa e e 15 sim Ple r , a n d it 15 e a
-

sie r to a r r a n g e o bser v a tio n a l stu d y in th e fl r st sta g e
.

5 0 th e H E IF E Pilo t O b se r v a tio n (PO P) in

19 8 8 a n d Pilo t In ten siv e O bse rv a tio n (PIO P) in 1 9 90 w e re allc a r ried o u t a t G o b iS ta tio n
.

In a d
-

d itio n to te stin g the w h o le o b ser v a tio n system a n d m eth o d o lo g y
,

w e ha v e m a d e a Pre lim in a ry

stu d y o f th e tu rb u le n ee tr a n sfe r eh a r a ete risties o v e r G o bi d e se r t b a sed o n the PO P d a ta
.

A Peeu
-

lia r Ph e n o m e n o n o f d o w n w a r d w a te r v a P o r fl u x o v e r G o bi d e se r t in the d a y tim e w a s n o tic ed

(W
a n g et a l

. ,

19 9 0 )
.

H er e w e Pr es e n t a fu r the r a n alysis o n b o th PO P a n d PIO P
,

m a in ly o n the

c h a r a c te ristie s o f tu r b u le n e e st ru c tu r e a n d tu r b u le n e e tr a n sfe r in th e G o b i s u rfa e e la ye r
.

T h e tu rb u le n e e
’

tr a n sfe r o f m o m en tu m
,

he a t a n d w a te r v a p o r 15 a fu n d a m en ta l a sp e e t in the

in v estig a tio n o f a tm o sPhe r e一su rfa e e in te r a etio n , a n d it 15 e lo sely r ela ted to the str u e tu re o f su r
-

fa ee la yer ev e n th e w h o le b o u n d a ry la ye r
.

F o r a n a tm o sPhe r ic e n tity C its v e r tie a l fl u x F ea n

b e e v a lu a te d thr o u g h m e a s u rin g tim e se r ie s C (t) a n d the v e r tie a l v elo e ity 叫
z)

, a n d d o in g

*
T he H E IFE Pr o g r a m 15 su PPo r ted b y N a tio n a lN a tu r a l Se ie n e e F o u n d a tio n o f Ch in a

,

the C h ln ese A ea d e m y o f

S eien e e s , a n d the SPe c ia lC o m m ittee fo r
W C R P o f the G e o d e sy C o u n c il

,

Ja P a n e se M in is try o f Ed u e a t lo n
,

S e , e n e e a n d

C u lt u r e
‘
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m u ltiPlic a tio n a n d a v e r a g e ,

(l)toF = 附C 二 w ,c
,

w he re w / a n d e / a r e th e fl u e tu a tio n

in teg r a tio n o f the e o sp e c tr u m o f w ‘c / ,

Pa r ts o f叫
t)

一

a n d C( t)
re sPee tiv ely

.

T hi s 15 eq u iv a le n t

Co (f )
, o v er fr eq u en ey (f ) d o m

a in
,

w , c , 二丁厂C
。

了 )df
·

(2 )

A cc o r d in g to su rfa ee la ye r str u e tu re a n a lysis the e n e rg y eo n t ain in g e d d ie s a r e th e e a r r ie r o fv a ri
-

o u s tu rb u le n e e tr a n sPo rta tio n
.

A e o r r ee t e a leu la tio n o f fl u x th r o u g h (l)
o r

(2 )
re q u ir e s th a t the

m ea su r ed tim e ser ies o f 叫
r) a n d C( r) k ee P fi d eli ty in b o th a m Pli tu d e a n d Ph a se in the w ho le

e n er g y c o n ta i币n g re g io n
.

R efe r r in g to tu rb u len ce sPec tr a e ha ra e te r istie s this e o r re sPo n d s to a r e
-

q u ire m e n t o f the fr eq u en cy r esPo n se r a n g e in the Pr o e e s s o fm e a su r em e n t a n d a v e r a g in g :

1 0
一 ’ (
今

簇 5一 10

U
(3)

w he re
f 15 n a tu r a lfr e q u en cy

, 2 m e a su rin g heig h t
, a n d 奋 the m e a n w in d sPe ed

.

C a leu la tin g fl u x thr o u g h (l) o r (2) 15 th e 5 0
一

a lle d e d d y eo r r e la tio n m e th o d
.

B esid e s so m e

eo n d itio n s su e h a s sta tio n a rity a n d ho riz o n ta lly h o m o g en e o u s su rfa ee th er e a r e n o e ssen tial a s
-

su m Ptio n s
.

T h e r efo r e w h e r e a ee u r a c y in the m e a su r em e n ts 15 a n im Po r ta n t c o n c er n ,

thi s m e th o d

15 a n o n ly ele a r eh o ie e ; H o w ev er ,
the in s tr u m en t se n s o r s a re r ela tiv ely e x Pe n siv e a n d o ft e n re -

q u ire tr a in ed Per s o n a l to o Pe r a te
.

T here a re a ls o so m e d iffi e u lties in the m a n a g em en t o f h u g e

a m o u n t o f tu r b u le n ee d a ta in c o m m o n fi e ld eo n d itio n s
.

B a se d o n re een t a d v a n c es in m i
-

c r o c o m Pu te r
一o n tr o l tee hn o lo g y

, a lo w e o st
, r e a l tim e tu rb u lenee d a ta ac q u isiti o n an d Pr o

-

ee ssin g syste m ha s be en 飞v e lo Pe d a n d su

cce
ssfu lly o Pe ra ted in H E IFE e x Pe ri m e n t

.

T he sPe ci fi c

ad v a n ta g e s o f this system a r e a n ea r ly ir n 们。ed ia te a ee e ss to th e m e a su re d a n d e a le u la te d q u a n ti
-

tie s ,

b e tter q u a lity eo n t r o l o f the d a ta
, a n d th e a bili ty fo r in v estig a to r s to d e te rm in e q u ie ki y if

co r re la tio n s o b s e rv e d a re s ta tistie a lly sig ni fi e a n t
.

11
.

E X PE R IM E N T A N D D A T A

A s the site a n d in st ru m e n ta tio n a r e d e ser ib e d in d e ta ilin W
a n g e t a l

.

(19 9 0 )
, o ul y a fu r th er

b rief in t ro d u e tio n 15 g iv e n he r e
.

T he H E IFE G o bi Sta tio n (10 0
0

0 6
‘
E

,

3 9
0

0 9
‘
N

,

14 80 m A SL ) 15

situ a te d in the so u th Pa r t o f H eihe
凡

v er B a ai n
, aPPr o 劝m a tely 1

.

5一 2 km to th七 so u th o f L inze
o a sis a n d 3 0 k m to th e n o r th o f Qili a n M o u n ta in

.

T he su rfa ee 15 fl a t a n d o Pen
,

Pa rti eu la rly o n

the so u th
,
a n d c o n sists o f c o a r se sa n d g r a in s a n d sm a ll Peb bles w ith v e ry sPa r se ser u P v e g eta

-

ti o n
.

Its 罗o m o rPhic fe a tu r e 15 e o n sisten t w ith eo n d iti o n s all a lo n g th e so u th p a r t o f th e b a sin
.

Fig
.

1 sh o w s a la n d u se m a P a r o u n d the sta ti o n
.

T h e H E IF E PO P w a s e o n d u e te d m a in ly in the Se Ptem b e r o f 19 8 8
.

B esid e s a 2 0 m Pr o fi le

to w e r (m ea n w in d a n d te m Pe r a tu re ) a n d r a d ia tio n m ea su r em en ts
, a se t o ftu r b u len ce sen s o r s ,

in
-

c lu d in g a thr ee-- d而
e n sio n a l s o n ie a n em o 一therm

o m e ter (K
a
ij
o 一D en ki

,

D A T一30 0)
, a 12料m

tu n g s te n w ire therm
o m ete r , a n d a fi n e w ir e (8 0 拜m ) therm

o e o u Ple Psyeh r o m e te r
(K a ij

o 一D en ki
,

PY一10 0 )
,

h a v e be e n u sed fo r ed dy一 c o r re la tio n m ea su r em en ts
.

In the PIO P
, e arri ed o u t in A u

-

gu
st

,

199 0
,

tw o se ts o f tu rbu le n ee d a ta a eq u isitio n system sim ila r to tha t o f 19 8 8
,

inc lu d in g a

Lym a n 一A IPha hyg r o m ete r ,

h a v e be en o Per a te d
.

B e sid es , a teth er ed 一so n d e sy stem a n d tw o v er
-

sio n s o f ae o u stie so n d a r w e r e u sed sim u lta n e o u sly in Pr o bin g th e bo u n d a ry la yer st
ruc

tu re
.
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6

浑浑浑
C r o Ia n d

W o o d s

R e sid e n tia l a r e a

G o bi d e s e rt

,

Ik巩

Fig
.

1
.

L a n d u se m a P a r o u n d th e H E IF E G o b i S ta tio n
.

So ni c a n em o 一th er ln o 扣。e te r h a s been th e e sse n tia l in stru m en t in th e d ir ee t m e a s u r em en t o f

tu rb u len ee flux
e s

.

In o rd e r t o ex te n d d a ta u tili ty the 50 正c Pr o b e w a s ea r efu lly a dj u sted in m o st

ho u r s 5 0 th at th e e ro ss an
gle

o f 12 0一d eg r ee s be tw ee n th e ho r iz o n ta le o m Po n en ts fa c e s th e p re
-

v ai li n g w in d d ire etio n
.

T he tilt a n g le o f its v er tiea l e o m Po n e n t w a s a lso eh e c k ed e o n s ta n tly
.

L o w一
a ss a eti ve filte r s (D C to 10 H z

)w
e r e u sed be fo re the d a ta d ig itiz a tio n to r ed u ee h ig he r fr e

-

q u e n e y n o ise
.

A Pr o Per m e tho d w a s a d o Pte d to e o r r ee t th e Pro be
‘sha d o w effe

e t
’

in d a ta Pr o
-

ee ssin g (G
r a n t a n d W

a tki n s
,

1 9 8 9)
.

T he d a ta ae q u isiti o n an d Pro ce ssin g w er e Pe rfo rm
ed w ith a n l

‘

M Pe r so n a l e o m Pu te r
.

In

m o st c a ses d a ta w er e sa m Ple d a t 10 H z d u ri n g 3 0 to 4 5一m in u te r u n s
.

W ith a w e ll一d o n e s o ft w a re

th e d a ta c o u ld b e Pr o ee ssed in a b o u t 10 而
n u te s a ft er e ae h r u n ,

in elu d in g ed dy一
o rr e la tio n c a l

-

cu la ti o n s a n d sPee tr al a n a lysis
,

w ith a Pa Per Pri n tin g o r d a ta fi le o u tPu t o f the e o n c e rn ed st a tist i
-

e al q u a n titie s , su e h a s m e a n s , v a r ia n ee s ,
eo rre la tio n s , sta bility Pa r a m e ter

,

m o m e n tu m
,

h ea t
, a n d

w a te r v a Po r fl u x es , a n d the Po w er sPee tr a o f w in d c o m Po n e n ts
,

te m Pe r a tu re , sPeeifi c hu m id ity
,

a n d the eo sPec tr a o f m o m en tu m a n d he a t fl u x , ete
.

So m e Pr o Pe r tr e a tm e n ts fo r th e o r ig in a l tim e

se rie s , su c h a s d e sPiki n g
,

d e tr en d in g
, a n d s o m e e o r r ee tio n s to th e sen so r s (in c lu d in g a tim e eo n

-

sta n t c o rr e c tio n fo r the therm
o eo u Ple Psych r o m e te r (T su k am o t o

,

19 8 6 )) w er e a ls o

e o r r esPo n d e n tly eo n sid er e d in th e d a ta Pr o eessin g Pr o c ed u r e
.

A s c hee ke d b y the an a lyz ed r e su lts
,

th e tu rb u len ee d a ta e o lleete d in b o th PO P a n d PIO P

a r e o f hi g h q u ali ty
.

In the fo llo w in g sec ti o n s a n in v estig a tio n o n the tu rb u len ee stru etu r e a n d tu r
-

b u len ee tr an sfe r eh a r a c te ristic s 15 Pre sen ted
,

m a in ly o n a sim ila r ity a n a lysis o f the v a ria n e e s ,

the

eh a r a c te ristie s o f tu r b u len ee sPec tr a a n d eo sPee tr a
, a n d a r e一e x a m in a tio n o f th e Phe n o m e n o n o f

d o w n w ar d w a ter v
ap

o r fi ux o bserv
ed o v er G o b i d e se r t in d a ytim e

.

A b o u t 8 8 r u n s in PO P an d

13 5 ru n s in PIO P a r e selee ted in th is a n a lysis
,

in w h ieh v a r io u s a ir sta b ilities a n d w in d d ir e e tio n s

a r e in elu d e d
.

S o m e r u n s ar e d isea r d ed a cc o r d in g t o the fo llo w in g eriteria :

(l) T he m ea n w in d a五m u th d ev ia tio n r efe rri n g to the s o n ie c o o r d in a te syste m 15 la r g e r

th an 4 5 d eg re e s ;

(2) w in d sp ee d 15 lo w er tha n l m / 5 an d n o
rm

a lly w ith a v e ry lo w v a lu e o f }洒训
e v e n a

Po sitiv e u ‘w ‘

(w h
ere u ‘

15 a lo n g
一in d fl u

咖压tio n
)

.

T he se o ee u r r ed m o stly in the sta bility t ra n

sie n t ho u r s o f m o rn in g a n d la te a ft er n o o n
,
n o

rm
a lly w ith a n a PPa re n t n o n sta tio n a r ity

.
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111
.

SIM IL A R IT Y A N A L Y SIS O F V A R IA N C E S

A e eo r d in g to M o n in 一O b u k ho v (M 一0 ) hyPo th e sis
, v a ri o u s sta tistie s o f a tm o sP he rie

Pa r a m e ters
, su c h a s g ra d ie n ts

, v a ri a n ce s , a n d c o v尽口a n ee s
,

w hen
n o

rm
a li z ed b y ap Pro Pri a te Po w

-

er s o f th e s c a lin g v e lo c ity

A s n o rm a lly d e fi n ed in the

u . a n d se a lin g tem Per a tu re T
. ,

bee o

me
u n iv e r sa lfu n e tio n o f z / L

.

su rfa ee la yer
,

4)6)5)u ,

=

T

(一 u , w 今

(一 w ‘
8)

探 ,

_ 仿 / 劝(w ,0 ,)
/ k z

一一

艺一L

w her e L

K a rm a n

is M一0 le n g th
,

T m e a n te m Pe r a tu re
,

8
/
Po ten ti a l tem Per a tu r e flu c tu a tio n

,

K V o n

c o n s ta n t
.

T he r elev a n t n o n 一d im e n sio n a lfo rm
s ar e m a in ly

丝四 一 , _

呼)

u , 沙z
’

乙
(wi

n d she a r) (7)

、、.了
z一L

方甲
k z 刁口

T 口Z (te m Per a tu re g r ad ie n t) (8 )

粤
一 ,

。

(f)
u ,

一

(d issiPa ti o n o f tu rbu le n t ki n etie en e r g y) (9)

、.少
、、.产n”吸.1

J1.J..l了.、、‘、了

(
sta n d a r d d e v ia ti o n o f w

’

)

(sta n d a rd d e v ia tio n o f o
’

)

浮飞劲气州
a o

{T
,

{-

T he fo r m s o f u n iv er s a l fu n e tio n 中w a n d 尹0 ha v e bee n e o n eern ed in m a n y stu d ie s sin ee b a sed

o n th e s e r e la tio n ship s tL sh e a r s tr ess (T 一 , (一 u , w ,))
a n d sen sib le hea t fl u x

(H = 。C
, w ,

0’)
c a n

b e ra th e r e a sily ev a lu a t ed thr o u g h m ea s u r em e n ts o f th e v a r ia n e es o fve r ti e a lv e lo eity a n d te m Per -

a tu r e
.

A fr e e e o n v ee tio n a sym p to tie a n a lysis sh o w s th a t 。、 / u ,

oc (一 / 五尹
/ ’ a n d 。。/ IT

*

Ioc

(一: / 乙)
一’/ 3 : a n d b a sed o n o b ser v a tio n d a ta th e p r o p o tio n al c o n stan ts a r e 1

.

9 0 a n d 1
.

9 6

re sPee tiv ely (W yn ga a rd
,

19 7 3)
,

In a d d itio n , a t n eu tr a l str a tifi ea tio n
, 口 w

/ u .
a n d

a 。/ u , sh o u ld b e e o m e c o n sta n t
.

Pa n o fs ky a n d D u tto n (19 8 4)
su m m a ri z ed so m e o bserv atio n s

in u n ifo r m te r r a in a n d Pre se n ted a m e a n v a lu e , 口 w
/ u .

= 1
.

2 5
.

T he y a lso re eo ln ln en d e d a n

em
-

Pirie a lfo rm fo r u n sta b le situ a tio n :

兰 一 切 , 一 ‘
·

2 , (, 一 ,

量)
’/ ’ ,

(z / L ( 0) (12)

w hic h 15 e o m m o n ly re fe rr e d in the li ter a tu r es
.

In sta b le ai r eo n sid e ri n g th e lo w acc
u ra e y in d e ter-

m in in g a 、、,

a n d u . a n d o the r fa e to r s ,

Pa n o fe ky a n d D u tto n still r ee o r o r n e n d ed 叮。
/ u ,

b e in g

a eo n sta n t 1
.

2 5
,

i
.

e
.

its n eu tr a lsta te v a lu e
.

F o r 中0 the re a re n o t 5 0 m a n y re fe r en e es
.

B a se d o n
而劝

n g le n g th e o n ee Pt P an o fs ky a n d

D u tt o n (19 8 4 ) in tr o d u eed a fo rm
u la fo r u n sta ble a n d n e u tra lstr a tifi e a tio n

,
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毋。 一 “毋 六 一 “‘, 一 ,

哈)
一 ’/ ’ ,

(: / L ( 0) (13)

w here
e岛 5 w hen e o m Pa re d w ith so m e o b ser v a tio n d a ta

.

H o w e ve r ,

this fo rm 15 in c o n si ste n t w ith

th e a sym Pt o tie a n a lysis o f fr ee e o n v e etio n
.

Fig s
.

2 a n d 3 sh o w th e v a riatio n s o f 。
、
/ u . a n d a 。/ }T

,

} v e rsu s sta biiity o b ta in ed fr o m

H E IF E o b ser v a tio n s a t G o b i S ta tio n
.

T h e d a ta d istr ib u tio n fo r b o th PO P a n d PIO P a r e q u ite

sim ila r 50 o n ly th e la tte r 15 Pr e se n te d
.

C o m Pa r ed to s o m e o b se r v a tio n s in the liter a t u r e ,

d a ta

Po in ts in F ig s
.

2 a n d 3 sho w a le ss sc a tte r ,

Pa r tie u la rl y
,

in u n sta ble sid e
.

It 15 a PPa re n t th a t u n d er

z / L < 一0
.

3 5 b o th 。、
/ u * a n d a 。 / }T

,

} a re in g o o d a g r ee m e n t w ith the Pre d ic tio n s o f fr ee c o n
-

vee tio n
.

Pa n o fe k y一D u tto n fo rm
u la

,

E q
.

(1 2) 1
5 a lso Plo tted in Fig

.

2 (d a sh ed eu rv e)
,

w hie h 15 o b
-

vi o u sl y h igh er th a n o u r o bserv a tio n s
.

Pa r tie u la rly in the ra n g e o f刁
.

1 < z / L < 0 the e a leu la te d

v a lu e s o f E q
.

(12 ) a r e s一 10 % la r g e r
.

W he re a s in the sta ble sid e
,

the o b serv
r
i d a ta Po in ts o f

a w
/ u , sho w a Iittle in c r ea sin g w ith sta bili ty

,
a s c o n fi rm

e d b y so m e o the r e x Pe r im en ts
,

fo r e x
-

a m Ple th e r ee en t r esu lts b y Sh aw a n d H a c ke r (19 9 0 )
.

T h e s o lid c u rv e in F ig
.

2 r e Pr e se n ts a b es t

fi t o f th e Pr ese n t d a ta
,

w hieh e a n be su m m a r iz e d by

l
·

9 0 (一 z / 乙)
’/ ’ ,

l
·

14 (l一 1
.

5: / 五)
’/ ’

1
.

14(l + 0
.

62 / L )
.

(z / L ( 0
.

3 5)

(一 0. 3 5 < z / L ( 0 )

(z / L > O)

(14 )

r||少、,esL

一一
四

中一一
翻
一
.

Fo r n eu tr a l str a tifi e atio n the Pr esen t d a ta sho w tha t a w
/ u ,

= 1
.

14
,
a e o n sta n t sm a lle r tha n the

eo m m o n ly r ee o g n iz ed P an o fs k y
’
5 v a lu e 1

.

2 5
.

In fa e t
,

th e la tter w a s a sim Ple a v e r ag e o f a b o u t 10

o b se rv a tio n s eo n d u e ted o v e r b o th se a a n d lan d
.

T he in d iv id u a l v a lu es o f th o se o b serv a tio n s

w e re r a n g ed fr o m 1
.

10 t o l
,

4 0
.

R e c en tly
,

ba s e d o n a n e x Per im en t in L o v sta
,

H o g stro m (19 9 0 ) in
-

d ic a te s th a t th e n ea r一 n eu tr a l v a lu e o f a 、 / u *

in c re a ses w ith he ig h t a b o v e g r o u n d (sev e r a l se c
-

o n d a n d 面
rd m o m e n ts

, su eh a s w
,

2 , u
,
Z w

,

a n d y
,

Z w
,

a r e n o t
, a s e x p e e te d

, e o n s ta n t in th e s u r
.

fa e e la yer
,

b u t v ery lo g a r ith m ic a lly w ith heig h t)
.

In L o v sta d a ta the m e a n v a lu e s o f a 二
/ u , a t 3

,

6
,
a n d 14 m e ter s w e re 1

.

14
,

l
,

2 3
, a n d 1

.

3 3 r esPe etiv e ly
.

H o g str o m fo u n d th a t this 15 d u e to the

5 0 一ea lled
‘

in a etiv e ’

tu rbu le n甲
.

T he Pr ese n t r e su lt o f H E IFE G o bi S ta tio n (w ith m o u n tin g

he igh t z = 2
.

4 5 m )w
a s q u ite e o n sisten t w ith that o f L o v sta 3 m d a ta

.

T he be st fi t fu n c tio n fo rm fo r 。。/ }T
.

1in th e Pr esen t stu d y 15

叮 口

万习
一 沪。 一

‘

o
·

9 6 (一
z / L )

一 ‘/ ’ ,

3
·

0 (l 一 2 52 / 五)
一 ’/ ’

3. 0
.

(z / L 簇 一 0
.

3 0 )

(一 0
.

3 0 < z / L 蕊 O)

(z / L > O)

(15 )

A s in m a n y o the r e xPer im e n ts the d a ta Po in ts in n e a r n e u tr a l a n d sta ble st r a tifi e a tio n sh o w a

la rg e r sc a tter ; It 15 d iffi c u lt to m ak e a Pr o Per sim u la tio n
.

H o w ev e r the r e e en t re su lt by Sh a o a n d

H a ek er (19 9 0)
,

d eriv ed o n a lo e a lsim ila r ity a n a lysis
,

15 q u ite sim ila r to E q
.

(15 )
.

A sim ila r a n a lysis fo r th e a lo n g 一w in d a n d c r o ss一w in d e o m Po n en ts w a s a lso e o n d u eted
.

Th
e n o n

一im en
sio n a l v a lu es o f 叮

。

/ u .
an d 口 ,

/ u . a r e a b o u t 2
.

6 5 a n d 2 2 2 re sPe eti v ely at

ne
ar n e u tr a l c o n d iti o n s ,

w hich a re v e ry n ea r th e re su lt o f Pa n o fs k a n d D u tto n
.

A lo n g w ith the

in er ea sin g o f in sta b ili ty (w hen z / L < 一0
.

1)犷th
e d a ta Po in ts sh o w a v ery la r g e s c a tter ; T he su r

,

几c e sim ila rity 15 n o lo n
ge

r v a lid
.

T h is 15 d u e to the in fl u e n ee o fb o u n d a ry la ye r str u c tu re o fh igh
,

e r altitu d e
, a n d 15 e o n siste n t w ith the r esu lts o ftu rb u len c e sPe c tr a la n a ly sis Pr ese n te d in the n e x t

Se eti o n
.
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八曰On

⋯
6
亡、1
4

3
.

0
,. 一,..: ..’

一一护 一 一厂 一 . - 一 一 一 一

寸

一
、

n甘O少O八7

.
二/产1000

0
·

6卜
“

·

5
盯

U
.

4 以“ J

一 1 0 一 1
一 0

.

1 一 0
.

0 1 0 0 1

z / L

0
.

1 2 3

Fig
·

2
.

v a ria tio n s o f口
,
/ “

.
ve r su s sta b ility

·

D a she d c u r v e 15 th e sim u la tio n o f p an o fs ky a n d

D u tto n (E q
.

12 )
.

Slo Pe l / 3 lin e 15 the fr ee e o n v ee tio n a sym Pto tie
.

T he so lid lin e is the

b e st fi t o f th is ex P er im e n t (E q
.

14 )
.

‘U.、�

Q月曰了‘U

,L卜Ilr日nUn

0
.

5

仓4 L
』占

一 10 一 I 一 O 一 0
.

0 1 0
.

0 1

z / 乙

2 3

F ig
·

3
·

v a r ia ‘io n s o f 。。 / }T
.

!
ve r su s s‘a b ili‘y

·

so li d c u r v e 15 ‘h e be
s‘fi “e d Iin e o f‘his

e x Pe r im e n t (E q
.

1 5 )
.

(D a ta Po in t s in s t a ble Pa r t a r e v e ry sc a t te r e d
, the e o n s ta n t

v a lu e sh o w n by d a sh e d lin e 15 fo r r

efe re n e e )
.

IV
.

BA S IC C H A R A C T E R I ST ICS O F T U R B U L E N C E SPE C T R A

F ig s
.

4一 7 sh o w th e Po w e r sPe c t r a o fw in d e o m Po n e n ts w
, u , v a n d t e m Pe r a tu re T o f fi ve

ru n s a t d iffe
r e n t s ta b ilitie s in the H E I F E PI O P

.

T h e a b s e is s a 15 the e o

nun
o n ly一u se d re d u ce d fre

-

u e n e y n “ (f z ) / 玩 the o rd in a te 15 the n o

rm
a liz e d sPe e t r a u s in g K a im a l

, 5 s e he m e (K a im a l e t a l
. ,

19 7 2)
.

T he b a s ie fo rm
o f二

sPe e tr u m
,

fo r e x am Ple
,

in th e in e r ti a l s u b r a n g e
,

尸
。

(、
1
) 一 气。, / , 、二 , / , ,

(1 6 )

(w he r e k , 15 w a v e n u m be
r in the w in d d ire c tio n , “。 th e K o lm o g o r o v e o n sta n t)

e o u ld b e ,

in

te rm
s o f n a t u r a lfr e q u e n e y a n d th e c o n ee Pt o f s u rfa ee la ye r s im ila r ity

,

re w r itt e n a s
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6

2 / 3 2 / 3

、声e构z肠
, .‘十.子

‘、
2 / 3

(2 二)’/ ’ 。

几
=

~

甲一二万牙价
。

n

(2 万)

, 、
/勺‘

一、、..2
了

伶
T he T a ylo r hyp o th e sis k

, = (2衫 ) / 汀 ha s a ls o bee n u sed
·

N o te th a t 职
￡

in E q
·

(17 ) 15

u n iv e r s a l sim ila r ity fu n c tio n o f tu r b u le n e e kin etic e n e rge (T K E ) d issiPa tio n r a te Pr e s e n te d , n

E q
.

(9 )
.

Fu r therm
o r e ifw e ta k e , 。= 0

.

5 0 (se e b elo w )
,

k = 0
.

4 0
,

th e n E q
.

(17 )e a n b e sim Plifi ed to

f S
二 0

.

27 n 一 2月
:

(18)
了一加
。

“
一甲

Sim ila rly th e v ,
w a n d T 乃Pee tr a in in er tia lsu b r a n g e ea n b e d e riv ed :

、.于矛
、

lQ产nU
, .1,4口了、

、
尹. .、

f s
,

任 )
0

.

3 6 n 一 2 / 3

况 ,

2 / 3

价
。

f s
、

了 )

2 / 3
= 0

.

3 6 n

u ,

中
。

f s :
任 )

T 2 2 / 3
0 3 8 n 一 2 / 3

(2 1 )
中N 切

。

w her e 甲万 15 th e d is siPa tio n r a te o f n o n 一d im e n sio n a l tem Pe r a tu re v a ri a n ee
.

W ith lo g a r ithm ie a l

Plo ttin g th e sPe etr a n o rm a liz e d in this w a y eo lla Pse in to o n e str a ig ht lin e o f slo Pe 一2 / 3 in the

in e r tia lsu b r a n g e
.

F ig s
.

4一7 sho w a r esu lt q u ite c o n sis te n t w ith E q s
.

(18 )一(2 ])
, r esPee tive ly

.

In

the n o n 一d im e n sio n a l sPe e tr u m c a leu la tio n s the fo llo w in g fo rm s o f 价
:

a d o Pted :

甲
。

二 甲 。 一 二 / L

甲 N 二 切 h

a n d 尹万 h a v e b e : ‘l

(2 2 )

(2 3 )

w h er e 势m a n d 切寿 to o k th e w id ely一u sed B u sin g e r一D ye r Pro fi le 一g r a d ie n t r ela tio n shiPs :

(l 一 16 2 / L )

1 + 5 2 / L
,

(l 一 16 2 / L )

1 十 5 2 / L
.

一 1 / 4
了
!
了、L

一一
脚

职

一 1 /

(公 / L 簇 0 )
(2 4 )

(: / L > 0 )

(艺 / L ( 0 )
(2 5 )

(: / L > O)

T he d a ta Po in ts a r e m o s t

f
J、L

一一.

九p

T h e sta bility r a n g e w a s fr o m z / L 二 一0
.

3 2 to 0
.

3 1 fo r the ru n s Plo tted
.

w ell一 r e g u la te d in f ig
.

4 in w h ie h w ith z / L in er e a sin g the sPe et ra l c u rv es shift g r a d u a lly to

h ig he r fr eq u e n eie s
.

A s th e v a r ia n ce a n a lysis sho w n a b o v e ,

this a ls o Pr o v e s th a t the sta tis tic s o f

the v e rtie a lw in d w a g re es w ellw ith su rfa e e 5 1而Ia rity
.

C o m Pa ra tiv e ly
,
th e s Pee tr a o f ho riz o n ta l

w in d u an d v a r e d iffe
re n t

.

In u n sta ble a ir the sPe e tr a l Po in ts o f d iffe re n t r u n s ten d to elu ster

in a r an d o m fa sh io n
.

Tu
r bu len t en er g y o c e u Pied by their lo w fr e q u en ey re g io n 15 e le a r ly hig he r

tha n tha t o f w 一 sPee tr a
, r ePre se n tin g th e e l拉浑t o f the hi g he r a ltitu d e st ru c t u re

.

A n o th e r fe a tu re

o f the G o bi u 一 a n d v--
sPec tr a 15 tha t in sta ble e a ses ther e a re m o s tly tw o Pea k s c le a r ly aP

-

Pe a r r in g in its lo w fre q u e n c y re g io n
.

C a leu la tio n s b y u sin g o f Pr o fi le d a ta sh o w tha t the see o n d

Pea k 15 e lo se to the B扭n t一V a sa la fr e q u e n c y
, a n e

ffe
e t o f g r a v ity w a v e s in d u e e d by the lo e a l
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to Po g ra Phy
.

T he fo rm
o f tem Pe r a tu r e sPe etr a 15 n o

rm
a lly in be tw ee n the v er tie a l a n d ho riz o n ta l w in d

sPe e tr a
.

T w in Pea k s ar e a ls o e le a rly Pr e se n te d in sta b le e o n d itio n s
.

T hi s 15 e o n siste n t w ith Fig
.

3

an d the r elev an t a n a lysis
.

10 0
10 0

fS
,

(f)

(u乙勇了月)

R U N 么/L
R UN

z
龙

{二戈
百2 (

fs 抓j)
(u几萝言月)

l0 l0

口 口监 , 之〔司 JZ)

‘ 们 习t . (刁刀)

0 JZ朋8 〔劝J 旬

率 J日” o ( 匡 , 2 )

+ 似的5 t OJ lj

枷伽加伽�
口八O*毕

Da
a D 蒸

认
八 口 口

凡 场
,

ao
。

.

咖护彻
吞 o

0 卜 矛
。

弓
+ +

++书
出

‘*
吞

占
.b

* *

0
.

1卜 0
* *

*

林 **

0
.

o lL一~

⋯一一
~

J一~ 司
0

.

00 0 1 0
.

0 0 1 0
.

0 1 0
.

1 1 10
n =介/ U

F19
.

4
.

SPe e tr a o f v e r t一e a l w in d e o m Po n e n t o f s

r u n s i n d iffe
r e n t s t a b ilit ie s ; N o rm aliz e d by

K a im a l sC h e m e
.

0
.

OIJ

0
.

00 0 1 0
.

00 1 0
.

0 1 0 l0

n = 介/ U

Fig 5
.

A s in Fig 4
,

b u t fo r a lo n g 一w ln d e o m P o n e n t

l0
fs

w

(f )

uz. 式月

R U N z /L
10 0

R U N Z/ L

沈兰

蒸

fs 杯力
(式勇泌 :勺

10

口 口丝 ,乏 〔印 J Z)

‘ 即2 1 , (阅刀)

心 拟钓公 《勺J 一)

牢 口湘 2 0 ( 认 , 2 ,

丰 口二加B 〔0 J I】

伽卿伽一伽
O二*+O

{
_ ,

声磐粉、 )
0

、

l卜 屯

小 扮
’

习 l
·

0

【 即 户
甲

3

D屯

0
.

0 1

0
.

00 1

。

心知 梦
人 v

3
们 犷

龟
o 目 + 十 +

节幸

,
* +

飞
* 、

+ * * *

探 * *

。 + *

0
.

00 0 1 0
.

00 1 0 0 1 0 I 0
0

.

0 1}

0
.

0 00 1 0
.

00 1 0
.

0 1 0 l0

n 一了砂U

F一9
.

6
.

A s in F ig
.

4
,

b u t fo r e r o s s一w in d c o m Po n e n t
.

n 井八/ U

F ig
.

7
.

T e m P e r a t u r e sPe e t r a fo r th e s a m e r u n s a s in Fig 4
.

O th e r e h a r a te r is tic s o f tu r b u le n e e sPe e tr a in t he G o b i s u rfa e e la ye r w illb e Pr e se n te d in a n
-

o th e r Pa Pe r ,

in c lu d in g the v a r ia bili ty o f Pe a k fr e q u e n e y w ith s ta b ility
,

th e d e term in a tio n o f

K o lm o g o r o v c o n s ta n ts ( : 。

= 0
.

50 士 0
.

0 4
, : : = 0

.

64 士 0
.

0 3)
,

th e fi ttin g fo rm
o f 中

。 , e tc
.

G e n e r a lly

sPe a k in g
, th e m o s t fe a tu r e s a re r a tio n a lly e o n s is te n t w ith th e r e s u lt s o f h o r iz o n ta l s u r fa e e e x Pe ri

-

m e ll ts
.

Fig s
.

8 a n d 9 sh o w the e o sPe e t ra o f m o m e n tu m ( u
‘w ‘

) a n d te m p e r a tu r e fl u x (w
‘
8
‘

) o f the

s am e ru n s
.

C o m Pa re d t o Po w e r sPe e tr a
,

the e o lla Ps e in b o th hig h a n d lo w fr e q u e n e y e n d s 15
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6

o b v io u sly fa ster
,
a n d w ith a n e a rly 一3 / 4 slo Pe in th e hi g h fr e q u e n e ie s

.

T he fr eq u e n e y r eg io n o f

th e la tter eo in eid es w ith the in e r tia lsu b r an g e o f th e Po w er sPee tr a ; thi s a lso sho w s tha t th e la r g e

w a v e n u m ber tu r bu len ee 15 n e a rly in a sta te o f lo ea l eq u ilibriu m
, a n d w ith a ve ry lit tle e o n tr ib u

tio n t o th e fl u x es
.

T he sPee tr a l eo lla Pse in b o th fr eq u en c y en d s fo r u ‘w
‘ se e m s fa ster tha n

th a t o f w /
8

, ,

i
.

e
. ,

the Pe a k re g io n o f th e e o sPee tr a o f te m p e r a tu r e fl u x 15 fl a tter th a n tha t o f the

m o m en tu m
,

b u t th eir fr e q u e n c y eo v er a g e 15 r o u g hly the s am e
.

C o sPe c tr a l a n a lysis 15 h e1Pfu l in

d e term ini n g th e fl u x e o n tr ib u tio n o f d iffe
re n t ed d y fr e q u e n e ie s

.

It ea n b e see n fr o m the fi g u re s

tha t in e a se o f fl u x o bse rv a ti o n a lo n e th e sa m Pli n g Pe rio d e a n be sh o r ter
.

Pa r tie u la rly in sta ble

c o n d itio n s ,
sin ee m o r e e o n trib u tio n 15 d u e t o hig h fr e q u e n c y ed d ie s , a n a ve r a g e tim e o f 15 to 20

m in u tes eo u ld be g o o d r esPr e se n ta tiv e in th e c a lc u la tio n o f hea t a n d m o m e n tu m fl u x e s
.

10 r 几
.

岁
⋯{竺丛些具

R U N Z/L
l0

幼 , W ,

D 口刀 1免〔司皿)

‘ 口. 1 1 (刁习〕
心 仁相 . (刁 J 幻

冲 口. 翔 . 〔01 幻
+ 娜2加 肠 ( oJ I〕

fc
o w

盯)
翔 护

T
尹

之U N z
/L

口 奋趋 1之 (司 公〕

五 户七 们 (刁刀〕

:兹慰

0
.

1

0 0 1

乙

口 十 0
.

0 1

心D

二
. 。

“

最

0 l

0 00 1 0
,

0 0 1 0
.

0 1 0
.

1

n习妙U

l0
0

.

00 11一
一

0
.

00 0 1 0
.

0 1 0 0 1 0 l0
0.l0

刀一厂酬U

Fig
.

8
.

C o sP ee tra o fm o m en tu m fl u x fo r the

sa m e r u n s a s in Fig
.

4

Fig
.

9
.

C o s Pee tr a o f se n s ible hea t fl u x fo r

th e sa m e r u n s a s in F ig
.
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SPe etr a o f s
pe

eifi e hu m id ity (u n sta b l‘
e a se s)

.

Fig
.

1 1
.

C o sP ee tr a o fw a ter v a p o r fl u x fo r

th e sa m e r u n s a s in F lg
.

10
‘

T he sPee tr u m o f sPeeifi e hu而d ity d e ri v e d fr o m the rm o c o u Ple Psych r o m e te r 15 n o r m a lly
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w ith a la r ge r sea tte r a n d b en d s u Pw a r d in high fr eq u en ey en d
,

Pr o b a b ly d u e to th e ti m e e o n sta n t

d iffe
re n e e o f its d ry a n d w et b u lb (a b o u t 0

.

19 5 fo r d ry bu lb a n d 0
.

7 5 fo r the w e t)
.

A lth o u gh

so m e e o m Pe n sa tio n o r c o r r e c tio n h a s b een a d o Pte d in the o r igin a l d ata Pr o e essin g
,

m a tc hin g

im b a la n ee c o u ld still e x ist a t so m e fr e q u e n c ie s ,

Pa
r tie u la rly in th e hig h fr eq u e n cy e n d

.

Fig
.

10

sh o w s the q一sPee tr a o f fo u r u n sta ble ru n s
.

T h eir Pe a k fr eq u en ey n 岛 0
.

0 1
,
a b o u t the sa m e o f th e

tem Pe r a tu r e sPe e tr a
·

W hile n > l
,
the sPe etru m eu rv es b en d u P

.

H o w eve r , a s sh o w n in Fig
.

1 1
,

the eo sp e e tr a o f w
‘

叮
‘ o b v io u sly d r o p d o w n in this h ig h fr eq u en cy r eg io n

,

th e be n d in g u p o f th e

q一sPe e t ra d o es n o t m e a n a n o ta b le e
ffe

et in the ed dy一e o r r ela tio n ea lc u la tio n s o f th e w a ter v a
-

Po r fl u x
.

V
.

E N E R G Y B A L A N C E PR O PE R T Y A N D T H E D O W NW A R D W A T E R V A P0 R FLU X IN D A Y T IME

1t w a s n o tic ed in the Pilo t O b ser v a tio n Pe r io d o f 19 8 8 tha t th e w a ter v
ap

o r fl u x in G o b i su r
-

fa ee la ye r w a s m o stly d o w n w a r d in d a ytim e , a s sh o w n in Fig
.

12 fo r the la st se v en d a ys o f the

PO P T he d iu r n a lv a r ia tio n s o f n e t r a d ia tio n (m e a su r ed by r a d io m e te r s) a n d se n sible he a t fl u x

(b y e d d y一e o r re la tio n m eth o d ) w er e 5 1而la r to m a n y o th er o b se r v a tio n s : th e se n sible he a t w a s

e o m Pa r a tiv ely la r g e r in d a ytim e , a b o u t l / 2 to Z / 3 o f the n e t r a d ia tio n : B esid e s ,

the r e w a s a

r a the r Pe c u lia r Phe n o m e n o n : the la ten t he a t
, o r w a te r va Po r fl u x ,

w a s n ea rly a ll n e g a tiv e in the

d a y (0 7 0 0一 19 0 0 LT )
, a n d e h a n g ed to p o sitiv e in la te ev e n in g

.

T he a v e ra g e d d o w n w a r d v a p o r

tr a n sp o r ta tio n in the d a y w a s ab o u t 12
.
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12
.

D iu r n a l v a ria tio n o f n e t ra d ia tjo n

必)
,
se n sible he a t (+ )

,
a n d la t印t h ea t (x )

,

in 1 3一 19 Se Ptem be
r l9 8 8

In the o b s e rv atio n Pe r io d o fA u g u st 19 9 0
,

th e r e w er e sligh t o r m o d er a te r a in s se v er a ltim e s
.

T he Phe n o m e n a o f d o w n w a r d v a P o r tra n sfe r w e r e n o t 5 0 o bv io u sly b u t s
tili Pre sen ted in m o r e

th a n ha lf d a ytim e r u n s
.

Fo r the situ a tio n o f d ry w e a the r la st ed c o n tin u o u sly sev e r al d a ys ,

t珍
e

d iu rn a l v a ria tio n o f en e r g y b ala n ee c o m Po n en ts w a s q u ite 5 1而la r to tha t in Fig
.

12
.

Fo r in
-

sta n e e ,

Fig
.

1 3 sh o w s th e h o u rly v a ria tio n o f n e t r a d ia ti o n
(Rn )

, se n sible (H)
a n d la te n t he a t

(L习
, a n d g r o u n d hea t fl u x (G

,

m ea su re d by he at fl u x Pla te s a t 5 cm d e eP) o f A u gu st 2 0
.

T he
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,

6

d o w n w a r d w ater v a Po r flu x w a s e o n fi rm e d by th e Pr o fi le m ea su r e m en ts o f sPe eifi e hu m id ity
, a s

Plo tted in Fig
.

14
,

the v er tiea l Pr o fi le s o f h u m id ity a n d tem Per a tu r e o f 1 1 a n d 12 h o f the sa m e

d a y
.

In th e fi g u r e ,

h u m id ity b elo w s m (o Pe n eir c le ) w a s m e a su r ed by H U M IC A P se n s o r s o n

th e t o w er ,

the u PPe r la yer s b y Psyeh r o m e te r o f th e T S一3A te th er ed 一so n d o r
,

It 15 sh o w n tha t

th er e 15 n o a PPa r e n t hu m id ity v ar ia tio n in the b o u n d a ry laye r b elo w 5 0 0 m
,

h o w e v er ,

fo r the

lo w e st se v e r a l o b s e rv a tio n lev els the h u m id ity
‘

in v e r sio n ’

15 elea r ly Pr ese n te d fo r b o th to w e r

a n d T S一3A m e a su r em e n ts
.

冷叱
l

尺
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Fig
.

13
.

H o u r ly v a r ia t io n o f th e s u r fa e e la ye r e n e r g y b u d
一

Fig
.

14
.

P r o fi le s o f te m Pe r a tu r e ·

g e t c o m p o n e n t s (R n n e t r a d ia tlo n
,

H s e n s lb le ty (le ft ) a t 1 1 a n d 12 h
,

h e a t
,

L E la t e n t h e a t
,

G g r o u n d h e a t fl u x ) i n A u
一

e le s w e re m e a s u r e d by

g u s t 2 0
,

19 9 0
,

w hie h 15 a e le a r d a y; in 0 8 0 0 一 te t h e r e d一 so n d e sys t e m
.

1 8 00 L T
,

th e w i n d d ir e e t io n w a s m o st ly N NW

a n d w in d sP e e d 4一 7 m / s ; th e w in d r e ve r s e d t o s

s in c e 2 0 0 0 LT a n d w ith a lo w e r sP e e d a t n ig h t

( r ig h t ) a n d sPe e ifi e hu m ld 一

A u g u s t 2 0
,

19 9 0
.

O Pe n e ir
-

th e t o w e r
,
s o li d e 一r e le by

T h is Ph e n o m e n o n ,

in fa e t ,

h a s a ls o b e e n n o tie e d in s o m e o b s e r v a tio n a l s tu d i e s c o n d u c te d in

the s a m e a re a a fe w ye a r s a g o
, a n d

,

in th e
‘

Qin g ha i一X iz a n g (T ib e t) Pla te a u E x Pe r im e n t
’ e a r r ie d

o u t in la te 19 7 0 5
.

O n ly this tim e d id w e u s e m o r e ad v a n e e d e q u iPm e n t
, 5 0 the Ph e n o m e n o n

c o u ld b e sh o w n m o re e le a r ly a n d q u a n tita tiv e ly
.

A Pr e lim in a ry a n a ly sis in d ic a te s th a t the h u m id
-

i ty in v e r s io n 15 e lo s e ly r e la te d t o a lo c a lm e s o s c a le c ir e u la ti o n
, a m o u n ta in 一 v a lle y w in d sys te m

a ss o c ia te d w ith the Qilia n M o u n t ain
.

T he Pr e v a ili n g w in d in the d a ytim e 15 n o r th to n o r th w e s t ,

a s e ite d in F ig
.

13 fo r A u g u s t 2 0
.

T h e hu m id a ir o v e r the ir rig a te d r iv e r b a sin o a s is is a d v e c te d to

th e G o b i d e se r t
.

T he re fo re ,

in G o b i su r fa c e la ye r o r to so m e h e ig ht o f the a tm o sPh e r ic

b o u n d a ry la ye r ,

the u PPe r a ir w o u ld b e m o re hu m id th a n th e lo w e r , a n d a d o w n w a r d w a te r v a
-

p o r fl u x w o u ld b e fo rm e d
·

B e c a u se the G o b i 旦甲fa e e in d a ytim e 15 n o

rm
a lly d ry a n d h o t

,

the

d o w n w a r d w a te r v aPo r w o u ld b e a b s o r b e d
,

w itho u t Ph a s e e h a n g in g
,

by the s a n d一Pe bb le s u r
-

fa c e , a n d tr a n sfe r r e d to s o m e d e Pth in the g r o u n d by m o le e u la r a n d
,

Pr o b a bly
,

tu r b u le n t d iffu
-

s io n
.

T he tr a n sfe r d e Pth 15 r e la te d to the 5 0 11 s tr u e tu r e a n d th e la r g e r h u m id ity a n d t e m Pe r a tu re
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g ra d ie n t u n d e r the G o b i su rfa e e
.

A t n ig ht th e w in d 15 n o

rm
a lly r e v er sed

.

T he d ry air fr o m th e n o r th sid e o fQilia n M o u n ta in

a n d the va st G o b i d e se r t blo w s t o this sta tio n
.

T he w a te r v a Po r a b so rbed by the sa n d 5 0 11 in

d ay tim e e o u ld b e fo rm e d to r elea se to the a ir a乒d碳b rm
ed a Po sitiv e v a Po r fl u x

.

B a sed o n th is a n a lysis
,

th e w a te r v a Po r tr a n sfe r n o

rm
a lly d o es n o t j

o in th e en er g y b a la n c e

Pro eess in G o bi s u rfa e e la yer
,

the la te n t hea t in Fig s
.

1 2 a n d 13 o n ly m e a n s v a Po r tr a n sfe r
.

T he

thre e te r m s
一

n e t r a d ia tio n , s e n sible h e a t
, an d gr o u n d he a t fl u x a r e r o u g hly in a b a la n e e a s

sho w n in F ig
.

13
.

T he Phe n o m e n o n o f d o w n w a r d w a te r v a Po r fl u x o v er G o b i d eser t in th e d a ytim e ,

in fa e t
,

15

the a n o th e r sid e o f th e w ell一k n o w n o a sis e

ffe
e t

.

In d a ytim e o v er o a sis th e air in the lo w e r lev e l15

o ft e n r a the r w e t a n d c o o l
,
the hig he r lev el r a the r d ry an d h o t

.

T he w a te r v a Po r tr a n sfe r s u P
-

w a r d s
,

w hile the se n sib le he a t tr a n sfe r s d o w n w a r d s
.

T his 15 j
u s t the o PPo site to th e G o bi situ a

-

tio n
.

M o r e o v e r , s o m etim e s the m e a su r e d la ten t he a t o v e r o a sis 15 ev en la r g e r th a n n et r a d ia tio n

be e a u s e the su rfa e e e x tr a c ts m o r e e n e r g y fr o m the w a r m e r a ir
.

V 1
.

C O N C L U S IO N

In Se Pte m b e r o f 19 8 8 a n d A u g u s t o f 19 90
,

tw o o bs e r v a tio n a l e x Pe ri m e n ts ha v e bee n c a r
-

r ie d o u t in the H E IFE G o bi Sta tio n
.

A d a ta set o n the s u rfa ee la ye r tu rb u le n c e ha s be e n c o llee
-

te d
,

w hieh 15 P r o v e d to b e o f hig h q u a lity
.

A n a n a lysis o n th e s u rfa e e la yer s tr u c tu re sh o w s th a t

tu r b u le n e e sta tis tie s su c h a s th e v a r ia n ee s o f v e r tiea l w in d e o m Po n e n t a n d tem Pe ra tu r e a r e in

g o o d a g r e em en t w ith the su rfa c e la yer sim ila rity the o ry ; the r elev a n t fo rm
s o f sim ila r ity fu n e tio n

a r e P r ese n te d
.

T h e eha r a e ter isties o f the P o w e r sPe c tr a o f w in d e o m Po n e n ts
,

te m Pe r a tu re , a n d

hu m id ity
, a n d the e o sPee tr a o f m o m e n tu m an d 交n sible h ea t fl u x a re sim ila r to th a t o f fl a t a n d

ho r iz o n ta lte r r a in
.

Fo r th e sPee tr a o f h o riz o n ta lw in d the lo w fr e q u e n e y r eg io n sho w s la r ge se a t
-

te r in u n sta b le str a tifi ea tio n a n d tw o a PPa re n t Pea k s in sta b le c a ses
.

T h e Ph e n o m e n o n o fd o w n
-

w a r d w a te r v a Po r fl u x o v er G o b id e se r t in th e d a ytim e ,

w h ieh w a s ele a rly n o tiee d in 19 8 8
.

15 eo n
-

fi rm e d in the P IO P o f 1 9 90
.

A n a n a lysis o n its Ph ysiea l m e c ha n ism 15 gi ve n in Se c tio n V
.

A s the

w e ll一k n o w n o a sis e

ffe
c t

,

this Phe n o m e n o n 15 c lo sely r ela te d to a lo e a l
“

G o bi d eser t一 o a sis
” eir eu

-

la tio n sys tem
,

It 15 a lso P r o v e d th ro u g h the se tw o Pilo t o b se rv a tio n a lstu d ies tha t o u r tu r b u le n e e

d a ta a c q u isitio n system w o rk s sa tisfa e to r ily
,

the re lev a n t r e a l一tim e d a ta Pr o c es sin g so ft w a r e 15

also w ell一d o n e : th is fo r m s a g o o d b a sis fo r the fo rm a lH E IF E e x Per im en t
.
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.
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.
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u la tio n fo r

n e a r n e u t r a l e o n d itio n s
,

J
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.
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,
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,
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.
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.

C
.

,
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.

Y
.
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.

R
.
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,
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A
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,
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,

N e w Y o rk
,

3 9 7 PP
.

Sh a o
.

Y
.

a n d H a ek e r
.

J
.

M
.

(1 99 0 )
,

L o ea l slm ila r ity r e la tio n shiP in a h o r iz o n ta lly in ho m o g en eo u s b o u n d a ry la yer
,

B o u n d

八
,

一 L哪
,
亡r M e ze o r

.

,

5 2 : 4 1一6 8
.

T su k n l o t o
,

0
.

(19 8 6 )
,

D yn a m 一e r e sPo n se o f th e fi n e w ir e Psye h o m e te r fo r d ir e et m e a su r e m e n t o f w a ter v a P o r fl u x
,

J
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