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,
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,
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T he a tm o sPhe rie the rm o dyn a m ic e q u a tio n s a re s o lv e d a n a lytie a lly to s tu dy th e u r ba n e irc u la tio n e a u sed by

e ity he a tin g
.

Th
e pe r tu rbe d fl o w a n d tenl Pe ra tu r e fie ld s a re o bta in e d a n d c o m Par e d w ith o b ser v a tio n a l fa e ts

fr o m s

om
e u rb a n bo u n d a r y ex pe rlm en ts

.

T he a g re e m e n t be tween th e th e

ore
tiea l a n d o b ser v a tio n a l代su lts sh o w s

th a t th is s tu dy m a y she d ligh t o n the Phys ie a l eh ara e ter istie s o f he a t is lan d e irc u la tio n
.

1
.

IN T R O D U C I⋯IO N

U rba n eire u la tio n 15 a m eso sea le Phe n o m e n o n e a u sed by v a r ie ty o f fa eto rs
.

T he e h an g es

o f th e fl o w fi eld s o v e r a eity
,

fo r in sta n e e
, r esu lt fr o m the c o m bin a tio n o f in ere a se d r o u g hn ess

a n d d eere a sed stab ility
.

B u t effe
ets o f the se tw o fa e to r s ea n n o t b e sePar a tely estim a ted b y

o b serv a tio n s
.

U sin g the m e th o d o f nu m erie a l ex Pe rim en ts
,
o n e ea n test the effe e t q u a n tita

-

tiv ely fo r ev ery fa eto r
.

Th
e simu la tio n s

,

h ow eve r
,
ar e still n o t ab le to Pe n etr a te the Physiea l

ch ar acte
risties o f the r ela tio n be tw ee n th e Ph en o me

n o n a n d th e e a u se o f its fo rm at io n
.

T h u s
,

in o rd er t o u n d ersta n d th e essenc
e o f this Phen o m en o n

,

it 15 still n eee ssary to d ev elo P th eo r e tie a l

stu d ies fr o m d iffe
r en t a sPe ets

.

B o r n ste in e t a l
.

(19 7 2) an al yz ed th e n o etu r n a l w in d fi e ld o ve r N ew Y o r k C ity
.

T h ey

e o n c lu d e d tha t the ci ty re ta r d e d a i川o w w h en u Pw in d r u ra l sPee d s w e re g re a ter tha n 3
.

6 m /
s ,

w h ile fo r ea ses be lo w this er itiea lv a lu e u r b a n sPee d s w e re g r ea te r
.

A e eo r d in g to the ir an a lyse s
,

str o n g flo w 15 d ec eler a ted by in er e a sed r o u g h n ess ,

b u t w e a k fl o w 15 ae ee ler a ted d u e to the h o r i
-

z o n tal Pr essu re g r a d ien t fo rc e a sso eia ted w ith the u rb a n hea tin g
.

5 0 the e
ffe

c t o f he at isla n d

15 be st ex Pre ssed in w ea k fi o w c o n d itio n w hile the effe
e t o f eity fr ie tio n 15 be st in v estig a ted u n d e r

str o n g fi o w
.

In this stu d y w e w ill lim it a tte n tio n to the e
ffe

e t o f u rb an b o u n d a ry h ea tin g
.

A ssu m in g a m e an ba e kg r o u n d w in d sPee d to b e 3 m /
s ,

w e ea n n eg leet the e
ffe

e t o f ro u gh n e ss

w itho u t m issin g the r ea lity
.

In the Pre se n t Pa Pe r
, a lin ea r iz ed system o f a tm o sPhe r ie the r m o d yn a n 一ie e q u a tio n s 15 u sed

to o b ta in a n a n a lytie a ls o lu tio n o f he a t isla n d eire u la tio n e a u se d sim Ply by the u r b a n he atin g
.

T h e d ist rib u tio n s o f n o w a n d te m Per a tu re fi eld s a s w ell a s the ir d ePe n d e n ee o n the m ea n w in d

sp eed a n d th e sta bility o f th e ba e kg ro u n d a tm o sPh er e a r e a n a lyz ed
.

T he r esu lts a re eo m Pa r ed

w ith the o b ser v a tio n a lfa c ts fr o m fi e ld e x Perim en ts
.

T h e a g re em e n t b e tw e e n the fl o w a n d te m
-

Pera tu r e fi eld s ea lc u la te d b y the m o d e ] an d th o se o b ser v ed sho w s tha t th js th eo r etie a l stu dy

m a y she d lig ht o n th e eh ar a e ter istie s o f hea t isla n d a n d P r o v id e a c lu e to o b se r va tio n a la n d n u -

m erie al st u d ies o n this Phe n o m en o n
.
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1 1 T H E O R E T IC A L M O D E L

In th e 10 9
一

Pr e ssu r e system
,

th e v er tiea l e o o r d in a te 15 d efi n ed a s

: * 二 一 H ln 夕
P
。

w he r e P
。
15 the r efe ren c e p re ssu r e (l00() hPa) an d H = R T

。

/ 夕 1
5 a eo n sta n t sea le heig ht

.

If the C o lio lis a n d fr ietio n fo r e es a r e n eg lee ted
,

th e e q u a tio n s o f h o r iz o n ta l m o m en tu m
,

h yd r o sta tie
, eo n tin u ity a n d th er m o d yn a m ie en e rg y in th e tw o ·

d im e n sio n a l (劣
, : * )Pla n e e an b e

e x Pr e ssed
, r esPee tiv ely

,
a s

舅梦
+ ·

里签
十 、 ·

里竺
, - 刁少

刁戈
( 1 )

、、夕、.了、J
Q�qJ月任

了tzf了、‘、RT
一H

一一

rJ*�与Z刁日

刁u
.

刁田
* 叨 *

力又 十石乏乐 一
下一

U ’

￡一气刁T
.

a T
.

,t. 二

研
一 十 “

厉
一

十 切 一 ‘ “

w h e r e 切 *
汀 , *

一
谷爹
一 ‘s ‘h e v e r ti e a l v e lo e ity in ( x

, : 众 e o o r d in a te syst e m ; 厂 = 刁T

刁z *

.

R T
十

, ,

c 户月

T 刁0

一百丢乏派
,

m a s s o f a ir
.

A ll th e

c o m Po n e n ts

w hie h 15 n e a r ly c o n s ta n t in the lo w e r tr o Po sPh e re : ￡ 15 th e h e a tin g r ate Pe r u n it

v a r ia b le s a b o v e e a n b e r e Pre s e n te d as th e s u m o f th e av e ra g e d a n d th e d is t u rb e d

势= 价十

w h e r e 势e a n b e u ,
小

,
了
’ , 叨 *

t h e s te ad y s t a te
,

lin e a r i z e d

a n d ￡ , a n d 勿 * =

劝
产 ,

0
.

U s in g th e

Pe r tu rb a tio n e q u a tio n s fr o m

r e Pre s e n ta tlo n a b o ve , w e o b ta in

E q s
.

(l)一 (4 )

、,2、21阳O八D
Zr‘、Z‘.、

_ 刁u 产 刁少
/

“ 刁交
一 十 j又 一 u ,

味
.

H叨一
」刁u

/

刁x

刁田
* 厂

一 O
,

十 田* /
S

￡ ,
R

e , H
( 7 )

w h e r e s = R F / H 15 a e o n st a n t r e Pr e se n tin g the a tm o sPh e r ic sta tic s ta b ility
.

Fo r e o n v e n ie n e e

w e w ill o m it the a s te r isk o f the v ar ia ble s in the fo llo w in g re Pr e s e n t a t io n s
.

R e a r r a n g in g E q s
.

(5 )一(7 )
,

w e hav
e the e q u a t io n o f 功

撇
一

决1万刁
2

田 1 ￡ , R

刁2
2

w h e re the in ho m o g e n e o u s

S
十 一 了一 山 一 矛

~

石刀
’

te rm o n the

云
‘

r ig ht

( 8 )

sid e in d ioa te s the h e a tin g e
ffe e t o f the u r ba n
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.

1

b o u n d a ry o ve rla PPin g o n the a ve ra g ed a tm o sPhe r ie he a tin g (o r e o o lin g) fi e ld
.

In a n ig httim e

sta ble u r b a n b o u n d a ry Ia yer
,

th is ter m e a n b e fo r m a lly e x Pr e ssed a s

1 ￡ 产
R

澎 c p H

w h er e L 15 the h alf- w id th len g th o f the

c en te r w hie h 15 se t a t x = 0
.

E q
.

(8) ea n b e so lv ed a n alytiea lly

tio n s a re set a s fo llo w s :

月

了 2 L
2 ,

、 _ 。 ,

~ 了立 飞

—
-

一
二 - 二

.

一 工 IC 一 ,

\ x
乙

十 L
‘

/
( 9 )

e ity
,

A 15 the he a tin g e ffe
et a t the su rfa ee o f the eity

a t giv en b o u n d ary e o n d itio n s
.

T h e b o u n d a ry c o n d i
-

田 = 0 , w h en 二 一0 (a t the su rfa ce )
a n d the v er tiea l v elo eity h a s its m a x im u m a t a ee r ta in he igh t z 二 h in th e lo w er

(1 0 )
tr o Po sPh ere

刁田
_
一 二 U

。

刁之
(1 1 )

T he n the v er tiea l v elo e ity e a n b e o b ta in ed a s

切 = (e
Z , H (一 e o 。之z 十 B s in 元z ) +

e 一 a ’

}N
,

W hef e
(1 2 )

、、r./
一
l

一N
A

a ‘

十 a/ H 十 S / 云
’
f Z L i
\ 戈

2

+ L
Z (1 3 )

a e 一 “ h +

B 一
六一

c朋“”一 元
一

s in ““

(1 4 )

一(寿
·in ** + , ·叨“”

)
、,少、,2、.产一a八01丫.�.1. .上11

2
.、户
‘
、了吸、

元一甲S / 反
2 一 1 / 4 11

‘ ’

S u b , titu t in g E q
.

( 12) in to E q
.

(6)
,

w e ge t the Pe rt u r b e d h o r iz o n ta l v e lo e ity u ‘
a s

f
, , 。 , ,

一
。 ,

。 , _ 。 、 .

了1 、 _ a ,

)“ ‘
一}

一 “ ’‘“
(几“in ““ + B几姗 几z ) +

戈介
+ a

)
e 一“ ’

全

一
二男

-

一 (
ZL 。rc ta 。

歹一
二

、
+ c

.

a
一

卞 a Z1 1 个 0 2封
一 \ 乙 /

F ro m E q
.

(4 ) w e e a n o b ta in the e q u a t io n o f the Pe r tu r b e d te m Pe r a tu r e T
,

。

嘿
+ 二厂 一。 ,

/
。 , ,

O X

w hie h ha s t he

{
忍Z

H
R

一 e 一。 之

一〔e
忿 I H

(一 e 朋元z + B s in 之z ) + e 一a 尝

〕

D+
、、.少厂

入
—

下

—
飞 =

—
=

一
一

a ’

+ a / 月 + 百/ 反
:

a r Cta n

万 一 x ( 1 8 )LO乙

/‘.、
、

1尹,,J

the c o n st a n ts C a n d D in E q s
.

(1 6) a n d (18)
sPe e ifi e d Po s it io n s

.

A ss u m in g
,

fo r in st an e e

C a n b e g iv e n by t he v a lu e s o f t he v a r ia b le s

h av e C

a t

T , 二0 a n d “产 = o a t 劣 = 0
,

w e 二0

乃一 0,
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.

R E SU LT S A N D D ISC U S SIO N

In the Io w er atm o s p he r e
,
th e p a ra m eter s a re set a s sta bility Pa r a m ete r F = 0

.

0 0 6
O

C/ m

a n d m ea n w in d sPeed 云 = 3 m /
5

.

T he n w e ha v e s = 0
.

0 0() 2 s一 ’ a n d 只= 0
.

0 0 4 7 m 一 ’
.

C o n sta n t

a is a ssu m e d to be o
.

004 m 一 ’,

im Plyin g tha t a t z ~ 2 50 m the h ea tin g r a te in th e u r ba n b o u n d
-

a ry d e ere a se s to l/ e o f its su rfa ee v a lu e
.

h 15 se t to be 40 0 m
,

L 50 0 0 m
, a n d th e Per tu rbe d

he a tin g r a te a t the su rfa c e o f e ity e en ter 。 / = 3 J/ (kg
s)

·

Su b stitu tin g ab o v e v a lu es in to E q s
.

(12)
,

(1 6)
a n d (18)

,

w e o b tain the Pe rtu rb a tio n fle 盖d s o f

fl o w a n d tem p er atu r e u 尹
(, , :

)
, 二 (x

, z
)

a n d T /
(二

, z
)

.

Pu ttin g th e p er tu rb ed q u a n -

tities a n d the av e ra g ed o n es to g eth er
,

w e ha v e th e d istr ib u tio n s o f fi o w a n d tem Per a tu r e fi eld s

a s (云 +
u 产

(戈
, z
)

, 。(x
, z
))

a n d (至(
z
) + T 产

(x
, z
))

, sh o w n in Fig s
.

1 a n d Z
, r esp e e

-

tive ly
·

; :
:
瑞

u (m /
,

厂尸一一一一\。、\ \\\\一一一尸尸尸尸
.

嘴
. 七 ‘ 日‘ J 声

土少⋯汗毛

一
一

笋

夕尸 , 尹 声 小 办 山

~ 目
. . 目J . . .巨 J . . 日. . J . J ‘ 二

、气
、、‘

~ ‘翻. 一翻‘

. 口. . . 巨 . 曰. 巨 . . . . . . . J .

一5 0

D is ra n e e fro m

5

e ity e e n te r (k zn )

丫r咔卜味
卜

仆叶卜卜卜卜--1(
1(‘��易石工

F ig
.

1
.

Flo w fi e ld s in the v e rt ic a l e r o ss一se e t io n
.

Fig
.

1 sho w s th a t fl o w o v e r th e u rb a n a re a 15 e o n v e r g e n t b e lo w the he ig ht h a n d d iv e rg e n t

a b o v e h
.

T h e m a x im u m Pe r tu r b e d v e lo e it ie s o e c u r a t the u Pw in d a n d d o w n w in d e d g e s o f th e

e ity
,

x = 士 L r e sPe e tive ly
.

T h e n th e a r e a w ith the lo w e st li o r iz o n ta l v e lo e ity 15 fo u n d in th e

d o w n w in d Par t o f th e e ity
.

T h is s o rt o f fl o w Pa t te r n h as b e e n o bs e rv e d in m a n y e itie s
.

Po o le r

( 19 6 3)
,

fo r in sta n e e , a n a lyz e d the fl o w fi e ld s o f L o u isvi ll e Q ty
.

Th e stre a m lin e s g ive n by

h im sh o w s th a t in the stab le at m o sPhe r e a s a ir Pa ss e s o ve r a e ity th e fl o w e o n v e r g e s at the e ity

e e n t e r in m o st c a ss e s
.

I t 15 al so sho w n in Fi g
.

l th at the re a r e u Pd r a ft s in the lo w e r b o u n d a ry la ye r w ith m a x im u m

v al u e s at the ci ty ee n te r
.

T h e fl o w fi e ld s o v e r the e ity Pre s e n t w a v e
一

lik e m o tio n w hie h h a s its

tr o u gh u Pw in d o f the u rb a n a r e a a n d it s ere
st d o w n w in d

.

T h e Ph e n o m e n o n o fw av e 一

lik e m o tio n

o v e r a e ity 15 c a lle d th e

rm
a l

一

m o u n ta in w a v e sin e e it 15 sim ila r to th e w a v e m o tio n o v e r a m o u n -

ta in ri d罗
.

T he rm a l
一

m o u n ta in w a ve e a n b e d e te e te d in d ire e tly b y e lo u d o b s e rv at io n s o ve r a

衍ty
·

H av in g a n a lyz e d the e lo u d d a ta o v e r M u n ie h
,

K r at z e r ( 19 5 6) g a v e a olo u d d ist ri b u tio n
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.

l

m o d el o v e r a eity
,

A ee o r d in g to h is m o d el
,

m o st o f the e lo u d ea n be fo u n d in tli e w a ke o f the

eity
.

T his e o in eid e s w ith the Pr ese n t m o d el sin e e eity w ak e 15 j
u st the Pl aee w he re the str eam

-

lin es o f the w a v e r e ae h
,
a s sh o w n in Fig

.

l
,

the ir m a x im u m h eig hts
.

Sin c e the Per tu th e d v elo e itie s (12 ) a n d (16) Po
ssess w av e一lik e eh ar a eteri sties

,

the eo m Po se d

w in d sPeed s ha v e r a the r e o m Plex Pa ttern
.

A s sh o w n in Fig
.

1
.

a Io w
·

lev el j
et strea m fo rm s

n ea r th e g r o u n d a t the u Pw in d ed ge
,

lift s t o a heigh t o f a b o u t 30 0 m o v er the eity ee n te r a n d

fi n a lly r ea ehe s its m a x im u m he ig h t o v er th e d o w n w in d Par t o f the e ity
.

If a n o n
一
u n ifo rm m e a n

w in d 15 eo n sid er ed
, a s in r e al situ atio n ,

the u r ba n w in d sPee d Pr o file w ill be m o r e c o m Plex
.

H a v in g a n alyz ed w in d d a ta o ve r S t
.

L o u is
,

Ac kerm a n (19 74) fo u n d tli at in lig ht w in d c o n d i
-

tio n s a t n igh t a lo w
一

le ve r w in d sPee d m a x im u m o
ffe

n o eeu rr e d in b o th u rb a n a n d r u r a l ar e a s
,

b u t the u rb a n o n e ten d ed to a PPear a t a hig her e lev atio n
.

8。评7
卜一一一一一一2 7“ _ -

一
7 6

.

5 一
夕 7 6

.

是
、2 7 6

。

5

6 00忆 7 1
。

5

�g)/队

E

兰 凌00

的
O

土 2 0 0

2 7 8 护 1
。 0

、、

日

2 7 9 决0
.

斤

一 5 0 5 10

D ist a n e e f r o m e i硬y e e n te r ( k m ) 1 2 3 4 5

7 ( m / s )

F ig
.

2
.

Th e

ver t ie a l e ro s s一se e t io n o f te m p e ra t
毗

F ig
.

3
.

A m p litu d e s o f ver tie a l ve lo e ity w a t e i ty

d istr i bu tio n .

e e n t e r (s o li d lin e ) a n d s u rfa e e pe rtu r be d

te m Pe ra tu r e T
, a t e ity u Pw in d e d罗 (d a s he d

1in e ) ve rsu s m e a n w in d sPe e d 及
.

Fig
.

2 sh o w s the v e r tie a l s e e tio n o f th e t e m Pe ra tu re d is tr ib u t io n
.

T h e te m Pe r a tu r e m a x -

im u m a t su r fa e e ,

i
.

e
.

the e o r e o f h e a t isla n d
, o e e u r s a t t he d o w n w in d Par t o f the e ity

.

T his

a g re e s W ith the te m Pe r a tu r e d ist rib u tio n o f K u m at a n y C ity
,

Ja Pa n a n a lyz e d by K am u ra (19 6 4 )
.

H e a r g u e d tha t in lig ht w in d e o n d itio n s (w in d sPe e d le ss th a n sm /
s) a ll o f the e e n t e r s o f the

h ig he st su rfa e e te m Pe r a tu re ,

w itho u t e x e e Ptio n ,
a PPe a r a t th e d o w n w in d e d g e o f th e e ity

.

A s

the laP e s r a t e o v e r the e ity 15 Iar g e r tha n th a t o ve r the su b u r b
,

the te m Pe r a tu r e a b o v e 3 0 0 m

in s id e o f th e e ity 15 in tu r n lo w e r tha n th a t o u ts id e
.

Th
e t e m Pe ra t u r e Pr o fi le s o v e r th e e ity a n d

o ve r the su b u rb in te rse e t a t a h e ig ht b e tw e e n Z(X)
一

300 m
.

D u e k w o r th a n d Sa n d b e rg (19 54)
a n a lyz e d the t e m Pe r a tu re Pr o fi le s o v e r d o w n t o w n a n d su b u rb o f s o m e e itie s , s u e h a s Sa n

Fr
a n -

e is e o a n d Pa lo A lt o
, a n d fo u n d the se 50

一e a lle d e ro ss 一o ve r Ph e n o m e n a
.

T h e y Po in te d o u t tha t

th e la r g e r th e e it ie s ,

the e le ar e r th e Phe n o m e n a
.

I t e a n b e s e e n fr o m Fig
.

2 th a t the te m Pe ra tu re s tr u e t u r e o v e r the u Pw in d su b u rb 15 s ta b le
.

A n in v e r sio n la ye r e x t e n d s fr o m the g r o u n d to a he ig h t o f a b o u t 300 m
.

T h is in v e rs io n 15 e a u s -

e d 勿 th e w a rm in g o f the d e s e e n d in g w a v e m o tio n
.

A n d th e o PPe r b o u n d a ry laye r o v e r th e

d o w n w in d Pa r t o f th e e ity 15 a n a re a w it h lo w e r te m Pe r a tu r e in d u e e d b y th e a s e e n d in g e o o lin g
.

T h e te m Pe r a tu r e st ru e tu re sh o w n in Fig
.

2 15 sim ila r to th e t e m Pe ra 加r e d ist rib u tio n s o f N e w

Y o r k C ity a t 0 4 0 7一0 6 12 o n Ju ly 16
,

1 96 4 o b se rv e d by B o rn s te in (19 6 8)
·

H is s ta tistic s a lso
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sho w ed th a t the fr eq u en e y a n d st re n g th o f the g r o u n d in v e r sio n o v er ci ty a re less tha n tha t o ve r

th e r u r a l
,

b u t m o re fo r th e elev a ted in ve r sio n
.

Th is eo n elu sio n a g r ee s w ith th e re su lt o f this

m o d el a s sho w n in Fig
.

2
.

It 15 seen fr o m (8)
a n d (9) tha t the d eere

a se o f m ea n w in d sPee d ‘ w illen ha n e e the fo rc ed

he a tin g ter m o n the r ig h t sid e o f (8)
,

i
.

e
.

A in (9)
,

w hieh Plays a r o le a s a m Plitu d es fo r th e Per
-

tu r b atio n s u 尹,

T / a n d 叨
, a s sh o w n in E q s

.

(12)
,

(16 ) an d (18 )
. ’

Fig
.

3 sho w s th at a s m e an w in d

sPee d in er ea ses
, a ll th e Per tu rb a tio n s o f fi o w a n d tem Pe ra tu r e w ill be su PPre ssed

.

A s w in d

sPeed 15 la rg e r tha n 6 m /
s ,

th e he at isla n d e ir eu la tio n e au sed by the r m al effe
ets e x ists

,

in

fa et
, n either in th e m o d el c aleu la tio n s n o r in the r e al situ atio n s

.

R E FE R EN C E S

A e ker m a n ,

B
.

(1 9 7 4)
,

W in d fie ld s o v e r the St
.

L o u is m e tro Po lita n a re a ,
J. A l’r PO llu

t
.

CO
n

tro lA ss o e
. ,

24 : 2 3 2一
2 36

.

B o rn ste in
,

R
.

D
.

(1 9 6 8)
,

o bse rv a tio n o f the u rb a n he a t is la n d ejfe e t in N ew Y o rk C ity
.

J. 刁PP L 匆七阳口
r

. ,

7 : 5 7 5一
5 82

.

B o rn ste in
,

R
.

D
. ,

L o ren
z en ,

A
.

a n d Jo hn so n ,

D
.

(1 9 72)
,

R e ce n t o b se rva tio n s o f u rha n effe c ts o n w in d a n d te m -

p er a tu re s in a n d a ro u n d N e w Y o r k C ity
,

乃印咖 ts CO nf Ur ban En
v i, ’o 刀

.

及“月刁 Co nf B io me te o
.

A m er
.

M e te o r
.

S o c
. ,

2 8一3 3
.

D u e k w o rth
,
F

.

S
. , a n d Sa n dbe rg

,

J
.

5
.

(1 954)
.

T h e effe e t o f e itie s u Po n h o r iz o n ta l a n d v e rt ie a l te m pe r a tu re

gr a dien t
,

刀“11. A m e r
.

材户才
亡口

.

SO e
. ,

35 : 1 7 8一2 0 7
.

K ra tz e r
,

A
.

(1 95 6)
,

D a s sta d tklim a D ie W iss en ha ft
,

9() PP
.

(in G er m a n )
.

K a n比u ra (1 964 )
,

A n a n a ly sis o n the tem Pe ra tu r e d istrib u tio n s o f K u m at a n y C ity
,
R e v

.

G e口g raP hy
,

37 : 2 4 3一
2 54 (in J即a n e se)

.

Poo le r
,

F
.

Jr
.

(1 96 3)
,

A ir flo w o ve r a e ity in terr a in o f m o der a te relief, J. 洲PP L M七了亡口
r

. ,

2 : 44 6一礴56
.


