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1 9 8 9

A B ST R A CT

T h is Pa Per h a s in v e stig a te d th e r ise o f b en t
一o v er bu o y a n t Plu m e in n e u tr a l e o n d it主o n

.

B y m e a n s o f

tlle e o m b in e d
一effe e t m o d el Pf o P o se d a t e a rlie r tim e , a u th o r s ha v e d ed u e e d a fo rnl

u la o f fi n a l rise Iim ite d by

m e ch a n ie a l tu rb u len ee a n d th e re fo re h a ve e o n e lu d e d tha t the e o rre sPon d in g fo rm u la n eg lee tin g th e a ee u m u -

la te d effe e t o f a m b ien t tu r bu len
e e 15 o n ly its Pa r tie u la r e a se

.

B y a n a lyz in g the fLi n etio n r ela tio n o f th e v a rio u s

affe e tin g fa e to rs w ith th e Plu m e rise in the e x istin g e q u at io n s ,

it 15 p ro v e d th a t the fo r

mu la d e r iv ed fr o m

th e eo m b in e d
一effe e t m o d e l 15 tlle m o st re a so n a ble a n d sho w s m o re eo n fo rm ity to the o bse rv a t io n s

.

1
.

IN T R O D U C T IO N

T he Plu m e r ise 15 a n essen tia l su bj
ee t in the re se arc h o f a ir Po ]lu tio n

.

T he rise he ig h t

o f th e
rm

a lly b u oya n t Plu m e 15 u su al ly m u
ch g r eater th a n the sta ek h eigh t

.

T he re fo re ,

if

the r ise heig ht ea n n o t b e e o rr ee tly ea leu la ted
,

the d esig n o f stae k he ig h t a n d c ale u la tio n

o f the g r o u n d e o n e en tr a tio n o f Po llu ta n ts w ill be m ea n in g less
.

N o w ther e e x ist se o r es o f

Plu m e r ise fo r m u la s,

bu t the eal eu la ted r esu lts w ith the sa m e Plu m e s o u r c e a n d m ete o r o ·

lo g iea l e o n d itio n m a y d iffe
r in o r e tha n te n tim e s fr o m ea eh o the r

.

M a n y o f the se fo r m u ]a s

a r e Pu re ly em Piriea l
.

D u e to d iffe
re n ee o f e x Per im e n ta l e o n d itio n s ,

d e fi e ie n eies in d a ta a n d

in e o m Plete n ess o f o b se rv a tio n al m ea n s ,

Pa r tieu la rly d u r in g ea r ly r esea r e}1 p e r io d
,

the r e -

su lts o b ta in ed fr o m the se e x Per im en ts e a n h a rd ly b e e o m Pa ra ble
.

Sin e e th e 1 97 0 5 g re at ad v a n ce in the o rie s o f Plu m e r ise h a s be en a eh iev ed (e
.

g
. ,

B r ig g s ,

19 7 5 : 19 8 4)
.

A t the sa m e tim e ,

fu r the r r esea r eh o n Plu m e rise ,

Pa r tie u la rly o n the fi n a l

r ise rn o d els fo r a str o n g the r m al Plu m e so u r ee ,

ha s b e n efi ted fr o m in er ea sed u n d e r sta n d in g

o f tu rb u len e e ,

w in d a n d tem Pe ra t u re fi eld s in th e b o u n d a ry ]aye r a n d a eeu m u la ted d a ta

o b ta in ed by a d v a n e ed to o ls o f so u n d in g su eh a s lid a r
.

T h e re se a rc h Pu t e m Ph as is o n the

r ise o f ben t
一o v er bu o ya n t Plu m e u n d e r n eu tr al eo n d itio n s

,

w h ie h 15 a su
bj

e et o f g r ea t c u r -

r en t in ter est
.

In re een t yea r s, so m e n ew e o n eePts a r e in tr o d u eed a n d n e w fa e ts a r e fo u n d

b o th in th eo ry a n d a n a lysis o f o b ser v atio n a l d a ta
.

T hey m a in ly in elu d e the fo llo w jn g a s -

PeCts :

(1) T h e v a lu e s e a le u la ted fr o m m o st o f the r ise fo r m u la s a r e lo w e r th a n th o se d ete ete d
.

In ea rlier p e rio d
,

th e r ise h eig ht o f p lu m e w a , u su a lly d e t e r m in ed by m e a n s o f p h o to g ra Ph s ,
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W he n the Plu m e 15 w ea k
,

the a e tu a l fi n a l r ise e a n n o t b e m ea s u r ed
.

T hu s th e em Pir ieal fo r-

m u la s ba se d u Po n it w o u ld ten d to Pr ed iet a lo w er rise
.

O n the e o n tr a ry
.

th o se o b se rv ed

by lid a r ea n re a e h a s h igh
as 3一礴 k m o r m o re (W eiJ

,

19 79 )
.

T he IJ n 一e a l h ig her g r o u n d e o n e e n tr a tio n o b ta in ed fr o m so m e d isPer sio n ea leu la tio n s

15 re la te d to the fa e t tlla t tlle r is e fo r m u la a d o Pte d 15 t o o e o n s e r v ativ e
.

(2 ) T he r ise h eig ht in e re a se s w itll e le va tio n o f Plu m e so u r ee (B r ig g s ,

19 84 )
.

If n o

a ee o 一n t 15 ta k e n o f th e e
ffe

et o f the a m b ie ll t tu r b u le n ee ,

the the r m a l Plu m e u n d e r n eu tr al

e o n d itio n s w ill r ise in d e fi n ite ly a e e o rd in g t o the P o w er la w o f Z/3
.

O n ly u n d e r the e
价

e t

o f the a m b ie n t tu r b u le r、c e ,

w o u ld the rise
j

u st e o m e t o a te rm in a tio n
.

In th e b o u n d a r y

layer ,

tlle m ee ha n ic a l t u r b u len c e 15 w e a k en ed u Pw ar d
.

T he r efo re ,

w h e n th e b u o ya n t

fl u x 15 e q u a l
,

the h ig he r the Plu m e s o u re e ,
the high e r the fi n al r ise a n d tl飞e fa r the r it e x te n d s

.

(3 ) T he r ise heig ht d ee r ea se s w ith in e r ea sin g w in d v elo e ity
,

b u t h a s a str o n g er d e -

Pe n d en ee th a n U
一 ’

.

△H oc U
一 ’

15 the m o st e o m m o n fo r m o f e x istin g rise fo rm u la s
.

N ev -

e rth eless ,

the w in d sPee d
,

in a d d itio n to h av in g the d ire et e
价

e t o f d ll u tio n ,

w ill str e n g th en

th e m e cha n ie a l tu rb u len ee a n d a ee eler ate the m ix in g
一u P e

ffe et
.

T h ere fo r e ,

w he n c o n sid e r in g

th e e
ffe

e t o f a m b ie n t tu rb u len ee , a fi n al rise m o d el sh o u ld h av e a str o n ge r re la tio n tha n

U
一 ’a n y w a y (B r ig g s ,

19 84 : C sa n ad y
,

19 7 3)
.

(4 ) T he a e c u m u la ted e
ffe

et o f a m b ie n t tu rb u len c e sh o u ld n o t b e ig n o red
.

T he tl飞e -

o re tie a l m o d els u su a lly a sslzm e tlla t the a m b ie n t tu rb u le n c e h as n o in fl u en ee o n r ise at

its m a in sta g e
.

C hen (19 8 1)
,

fo r the fi r st tim e ,

Pu t fo rw a rd a m o d el eo n sid er in g the ae -

e u n lu la te d e
ffe

e t o f a m bie n t tu r b u len e e , a n d L i (19 8 2 ) fu r the r eo n firm
ed th is id ea w ith h is

e o m bin ed
一e
ffe

e t m o d el
.

Su e h a m o d el 15 m o re rea so n ab le in the o ry a n d eo n fo r m s b etter

to the o b ser v a tio n al d ata b o th a t ho m e an d a b r o a d
.

In ad d itio n ,

it so lve s th e Pr o b !e m

th a t the fi n a l r ise 15 o v ere stim a te d by so m e fo rm u la s
.

T he r ise o f b en t
一o v e r b u o ya n t Plu m e in n e u tr a l eo n d itio n s 15 d iseu ssed her ea ft e r a n d

a se t o f fo rm u las o f fi n a l r is e lim jted by m ee ha n iea l tu r bu len e e a r e d e riv ed b a se d o n the

e o m b i一l ed
一e
ffe

e t In o d el
.

It 15 fo u n d th at the e o rr esPo n d in g fo r m u la o f B r ig g s 15 o n ly th eir

Pa r tie u la r e a s e
.

T he r ela tio n b e tw e e n r is e heig ht a n d v a rio u s a
ffe

e tin g fa eto rs in e x istin g

fo r m u la s 15 a lso a lla lyz e d in th is Pa Pe r
.

T he fo rm u ]a d e rive d fr o m the c o m bin e d
一e
ffe

et

m o d el Pr o v e s t o b e the m o st r ea s o n a b le a n d its re su lts 15 m o re eo n siste n t w ith o b serv a tio n s
.

11
.

T H E FIN A L R ISE FO R M U LA D E R IV E D F R O M T H E

A m o n g the e x is tin g fi n a l r ise m o d els
,

the B r ig g s ,

CO M B IN E D
一

E F FE CT M O D E L

su ee essfu l a PPr o a e h o f lim itatio n
.

tu r b u le n t e n e r gy w ith in the Plu m e

a ssu m e s tha t

“b rea k
一u P” m o del h a s

w h en d issiPa tio n r a te

a m bien t tu rb u len t e

a r n o r C

in ter n a l

￡ ,

the

止胜L�.二�5

.目.且

Plu m e s tr u e tu re its e lf

r is e w il! e o m e t o

w 111 b re a k u P a n d

e q u a l t o tha t o f

tr a n sfo rm illt o a Pa s s iv e P u m e a n d th e n th e Plu m e

a te rm in a tio n
.

T h is lim itin g e o n d it io n e a n b e e x Pr e s s e d a s

(l)
研

”

“一 刀飞厂

w h e r e th e r ig h t s id e o f t h e e q u a tio n r e Pre se n ts the d is s iPa t io n r a t e o f in te r n a l t u r b u le n t

e n e r g y w itllin Plu m e ,

W av e ra g e v e r tie a l sPe e d o f Plu m e
,

2 t h e e a le u la te d h e ig h t a t e x it
,

a n d 刀 th e d im e n s io n le s s e o e ffi e i e n t
.

111 fa e t
,

w h e n
牙

,

w hie h m a in ta in s t h e Plu m e s tr u e t u r e ,

b e e o m e s r a the r sm a ll
, a n d a t

the sa m e t im e ,

the Plu m e g r o w s t o su e h a n s iz e tha t the a m b ie n t e d d ie s e o n t a in in g m o re

e n e rg y w ill Par tie iPa te s u伍 e ie n tly in th e m i石n g
一u P e

ffe
e t , t h e Plu m e st ru e tu re it se lf e a n

th o n r e ally b r e a k u P in , h o r t tim o a n d te r m in a te Plu m e r ise
,

T h is Phys ie a l m o d e l e a l飞
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re a so n a b ly e x Plain w hy tlle Plu m e , aft e r its l
·

a the r lo n g b u o ya n t sta g e , u su a lly e o m e s

to k e e P lev el in a sho rt d ista n ee
.

T h e d r a w b a c k s o f the g en er al fi n al r ise m o d e ls Iie 0 11

the fa et tha t the e
ffe

e t o f the a m b ie n t tu rbu len ee Prio r t o its b re a k
一IIP a r e to t a lly ig n o r-

ed
.

H e n ee ,
the fo rm u las d e riv ed fr o m the se m o d els w ill ha v e llig he r e a le u la ted v a lu e s

.

In o rd e r to o v e r e o m e the a b o ve 一n en tio n ed d efi e ie n e ie s ,

the a ee u m t一la ted e
ffe

c t o f the a m b ie n t

tu rb u len ee sho u ld b e a ee o u n t fo r d u rin g the w ho le r isin g sta g e
.

Fo r this Pu r Po se , star tin g

fr o m the e o m b in ed
一
effe

e t m o d el
,

the Plu m e traj
e eto ry e q u a tio n 15 d ev e lo Ped (L i

,

19 8 2) :

z 一 f幸罄主、俞
F击u

一

洽x 病
\ 艺肖

“

/
( 2 )

w her e 2 15 the Plu m e rise he ig ht (,二)
,

F the b u o ya n e y fl u x Pa ra :n e te r (m
‘

/
s一 3

)
,

U the

a v e r a g e w in d sPe ed a t Plu m e he ig ht (m / s)
,

X the d o w n w in d d is ta n c e fr o m the Plu 】书e

s o u rc e (m)
,

1 the a m b ie n t t u r b t ,le , , c e in ten sity a n d 刀 the c o effi c ie n t (m
一 ‘)

·

W he n ig n o r in g

the e
ffe

c t o f a m bie n t tu rbu len e e (i
.

e
. ,

苦= o)
,

刀 15 d im e n sio n less
·

O b v io u sly
,

th e p o w e r law

o f “2/ 3
, ,

15 a Pa r tieu la r ea se o f E q
.

(2) w hen ‘= 0
.

巴 in E q
.

(1) 15 g ive n a、 (B r ig g s ,

19 7 5 )

( 3 )

w h e r e u * 15

h eig ht (m )
.

the fr ietio n v elo c ity(m /
s
)

, 忙

T he a b o v e e x Pr essio n 15

u采
衬万

, ,

the K a r一n a n eo n sta n t
, a n d H

。

th e e
fTe

etiv e

stri etly t e n a ble o n ly t o the s u rfa ee la ye r
.

SO U r Ce

C O m
-

bin in g w ith th e w o r k o f o the r

to the h ig he r ]a ye r
(
eve n u P to

a PPlied a PPr o x im a tely to the

A ee o r d in g t o E q s
.

(l)一(3)
,

tu r b u len ee 15 o b ta ln e d :

r esea r eher s ,

B rigg s ha s fo u n d th a t it js

120 o m )
.

H e ,

th er efo re ,

ha s e o n sid e red

a etu a lly a PPliea ble

th at E q
.

(3 )
ea n b e

tyPie al Plu m e he ig ht
.

th e s o lu tio n o f fi n a l r lS C he ig ht ]im ited b y th e m ee ha n ie al

AH 一

{ (:
·
)

2

〔
2

(3 + Zf)刀
, 刁

’

不流‘共、J J \曰 U * /

2

揣 (H
:

十△H ) 揣 ( 4 )

,
_
、

/ 尸 、
一 A

,

(公)} 于下一 ; 尸 !
” \曰 材采 尹

, + “
(11

:

月
一

八 H )
5 + “

O r

众11 一 A
:

(动(共、能\LJ “ * /

Z H
,

\

一1 1 十丁万万, 】
“ (’

一

卜 2 ‘, ,

\ 凸 里l /

A
Z

(蓄)
f

, 、 ,

厂 2 ]
3

〕石留刃
= 、 气刀忙 )

一

}万
~

石

而
入 万至 } 砂

一
’

一
’

·

七 ‘ 火0 牛 乙多) P 口 J
( 5 )

F q s
.

(4 ) a n d (5) c o n ta in in g tlle u , ik , l o w n A H in b o th sid e : a r e m u e h ille o n v e n ie n t t o

a PPly
, 5 0 they a r e sin 1 Plifi ed t o the fo llo w in g a PP r o x im a tio zl s :

1一3

八H

A
。

(f

·“
3

“, B “,
(念)湍

、

, 一

{
(。· ,

2

〔瑞丽」
3

}赫
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: (、卜嘟
(l

车
2 !

)/( 劲揣
,

(6 )

w h er e AH 15 the fln a l r ise 11e ig ll t
,

万
:

tlle g e o ,n etr ic heig llt o f Plu m e so u r ee , a lld A
:

(云)
,

A
Z

(i)
,

且
3

(i)
a n d B (f)

,

in ten sity
.

If ta kjn g 刀=

a s listed In T a ble 1
.

a r e the e o 一n b i一le d e o effi eie 一l ts
,

a 一ld a r e ft zn e tio n s

·

5
, 衬 二 0

·

4
,

刀= 0
.

6 (B ri韶
s ,

19 75 )
,

1lle e o e用e ie , : ts

o f tu rb tl le n C e

11 a v e va lue s

Ta ble 1
.

T h e V a lu e s o f C o 盆n b in e d C o e ffi e ie n ts xb r D iffe re n t T u rb u le n e e In te n s iry

O
。

0 5 0
。

10 0
.

15 0
。

2 0

A
:

(f)

月 2

(‘)

A
,

(i )

B (f)

1
。

18

1
。

3 2

1
。

15

1
。

2 5

1
。

2 0

1
.

2 9

1
。

16

1
。

2 4

1
1
1|一

N eg le e tin g the e
ffe

e t o f a m b ie n t tu r b u le n e e ,

B r ig g s o b ta in ed the e o r re sPo n d in g eq u atio n s

o n the b a sis o f Po w er la w o f “ 2 /3
”

(B rig g s ,

19 7 5 ; 19 8 4 ):

/ F 、鲁
_ _

_

_ _ 、

兰

△ l--I 二 1
.

21 于于二
.

1
”

(H
二

+ 八H )
5 ,

〔7 )
“ “ 一

“
“

\U “采2
、’

“
’

曰“
‘ ’

、
廿
犷、厂‘夕

八己OJ
‘

‘
、‘

了、
“厅 一 ‘

·

3
(命)〔

1
一

、

佘)
号

“厅 一 ;
·

5、

(命)
号11

:

今
.

T h e a b o v e eq u atio n s s t一g g e ste d by B rig g s 11飞 r e e e n t yea r s a r e a PPlic ab le In a in ly to

s tr o zlg e r tlle r m a l Plu n l e s o u r ee u n d e r n e u tr a l a lld w in d y e o lld itio n ,
.

O b v io u sly
,

the y a r e

Pa rrie u la r c a se s o f E q s
.

(4 )一(6) w ith i = 0
, r esPee tiv ely

.

B o th E q s
.

(6 ) a n d (9 ) a r e a Pp ro x im a te e x Pr e s sio n s
.

W hen w i, ld sPee d 15 n o t t o o

sm a ll o r w h e ll AH < 2万
: , the d ev iatio n fr o m e a eh o tl, er 15 n o t la r ge

.

T h ey a re sa fe r

tha n tlie o rig in a l eq u atio n s a n d a 一e e o n v e n ie n t t o ap Ply a n d m o r e a p p r o p r ia te
‘

to b e a

Pr ae tiea l fo r m u la
.

1 11
.

T H E R E A C T IO N M E C H A N ISM O F T H E PR IN C IPA L FA C T O R S A N D T H E IR QU A N T IT A TI V E

R E L A T IO N T O T H E R IS E H E IG H T

If the m in o r fa e t o r s a r e ig n o r ed
.

the fa e to r s d ete r m in in g the fi n a l r is e o f b e n t
一o v e r

b u o ya n t Plu m e u n d e r n eu t ra l c o n d itio n s slio u ld in e lu d e F
,

U
,

H
: a n d f

.

M o st fo r m u la s ,

11o w e v e r , e o ll ta in o n ly tw o in d e Pe n d e llt va r ia ble s F a n d U
.

Jtl st a fe w seien t is ts e o n -

sid e r the a d d itio n al e
价

e t o f H
: a n d o n ly C hen (19 8 1) a n d L i (19 82 ) fo rth er e o n sid er the

e
ffe

e t o f a m b ien t tu r b u le llee
.

M o r e o ve r ,

tho u g h m o st o f the fo rm tl las 11a v e bee n e x Pr ess-

ed in th e Po w e r fo r m o f tll e in d ePe n d en t v a r ia ble s ,
the P o w e r va lu e s a r e q u ite d iffe

r en t

fr o m e ae h o ther
.

T his 15 the b a sie re a so n w h y the e x is tizlg fo r m u la s e a n ha rd ly b e e o m
-

Pa ra blo w ith e ae li o the r
,

I,1 v iew o f this Pr o ble m
, a n a lyz in g e o m Pre he n sive ly th e r以c tio n
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m eeha ni sm o f e ae h fa e to r ,

the o bser ve d fa et a n d c aleu la te d re su lts o f fo r m u la s w ith V a f 一

IO U S

ab le

ty Pes ,

w e d e eid e the in d ePen d en t v a r ia bles th a t m u st b e a eeo u n te d fo r a n d their

q u a n tita tiv e r e la tio n t o the rise h eig h t
.

f e a S O n -

B u叮al 7心
,

月酬x
Pa

z
·

a z, ; e te r F

Th
e Plu m e ri s e fo r m u la s a r e u s u a lly e x Pr essed in th e fo r m o f △H oc F 仍 ,

b u t the ir

a d o Ped v’a lu es fo r m a re q u ite d iffe re n r
,

b ein g l/4
,

1/ 3
,

l/2
,

3 / 5
,

2 / 3 a n d 1 e te
. , r esPe eti代ly

(B rig g s,

19 69 ; M o ses ,

19 72 )
.

A m o , 19 th e se v alu es,

1/2 15 m o s t o ft e n a d o p ted in e ,二p ir i
-

ea l re g re ssive fo rm u la s
.

In H o lla n d fo rm
u la (U

.

S
.

W
ea the r B u rea u ,

r esu lts a re a fe w tlm es sm a ller tha n the a etu al

r ather g r e a t
,

w h ie h

o the r ha n d
,

the Po w er

X
T a lso in er ea se s

m e a n s tha t the v a lu e
阴

19 5 3)
,

阴 = 1
.

A s 15 w ellk n o w n ,

th e ea leu la te d

c a se s w he n F 15 sm al]
, a n d m o d e r ate w he n F 15

sho u ld b e o bv io u s ]y sm a lle r th a n 1
.

O n the

la w o f

W lth

1

“ 2/ 3
, , aPPa r en tly m ea n s Z 二 F 豆 ,

b u t tlie te rm lll atlo n d ista n ee

F

im Plic it fa et o r s ,

this law a e tu a lly

C o n sid er in g the s u Pe rim Po sed e
ffe

e ts o f b o th e x Plie it a n d

in d ie a tes th at the v a lu e 脚 sho u ld b e a PPa re lltly g re a te r tha n

l/3
,

1
.

e
. ,

l/ 3 < 。 < 1
.

T he ra n g e o f v a lu e 阴 e a n b e fu r the r r ed u e e d by ta k in g a d v a n ta g e o f the Plu m e r ise

d a ta o f 16 fo ssil fu e l
一

fi r ed Po w e r Pla n t s (B r ig g s ,

19 6 9)
.

B a sed u Po n th e d a ta ,

w e o b t a in

△H U oc F
。

’

”“
.

In elu d in g the e x ten siv ely v a ry in g r a n g e o f v alu e F
,

th e a b o v e d a ta P r o v id e b etter

r eP re sen ta tio n
.

H o w ev er ,
the r elatio n AH oc U

一 ‘ in the a b o v e e q u a tio n 15 in eo rre e t

(m o st o bser v atio n s w e re e ar r ied o u t u n d er m o d e ra te w in d sPeed s , 5 0 the r e la tio n w o u ld

n o t b r in g ab o u t a v e ry g r ea t e
ffe et)

.

M o re o v er ,

th e e
ffe

ets o f fa eto rs su eh a s
H

: e tc
.

ar e

n o t in e o rPo ra te d in t o th e e q u a tio n
.

T he r efo re ,

the a etu al v a lu e m sh o u ld b e in th e r a n g e

o f 0
.

5 8 士△
.

C o n sid erin g l/3 < m < l
,

it 15 a PPr o Pria te to let m 二 1/2一2 / 3
,

be in g the in
-

ter m ed ia te a m o n g the e x istin g e q u a tio n s
.

T a ble 2
.

T he V a lu e 沉 in th e C o m b in e d
一
E ffe e t M o d e l

0
。

0 5 0
。

10 0
.

1 5 0
.

2 0

0
.

6 6 7 0
。

6 0 6 0
,

5 56 0
,

5 1 3 O
。

4 7 6

B o th E q s
.

(6 ) a n d (9 ) a re the o r etiea l
.

T ll e v a lu e ,二 in E q
.

(9) 15 2 /3
,

w h ile E q
.

(6 )

in d ie a te s tha t v alu e m 15 r ela te d t o th e am b ie n t tu r b u le l飞e e in te n sity
, a s sh o w n in T ab le 2

.

T he d a ta in T a b le 2 e o n fo r m s the ab o v e a n a lysis a zl d sh o w s tha t w he n the a m b ie n t

tu rbu len e e in ten sity g r o w s st r o n g e r ,
th e d ePen d e n e e o f r ise h eig ht o n the the r m a l fi u x

o f Plu m e so u r ee ,

F
,

b ee o m e s w e a k e r
.

T his e o n e lu sio n a ee o r d s w ith th e a n a lysis o f re a e -

tio n m ee ha n ism
, a n d fu rther su PPo r ts the r ea so n ab le n e ss o f the e o m bin ed

一e
ffe

c t m o d el
.

2
.

P hl”l e S o u r e e H砂igh
t

T hC the r ise

H
:

he ig ht eq u a tio n s d o n o t in elu d e the he ig h t fa e to r
H

:

Se n O U S

m o st o f

w ea kn e ss
.

Pa r tieu la ri y in a n d str o n g tlle r m a l

IS a

Plu m e

so u re e , n e gl
ect in g o f H

: w ill le ad

T he a m bien t tu rb u len ee Pla ys

e a se o f a re la tiv ely hig l飞

to r a th er g r e at d ev ia tio n
.

tu r b u len e e, the hig her the fi n a l r ise
.

a e ritiea l r o le 1n th e te r m in a tio n o f r ise
.

T he w e ak er th e

U n d er the n e u tr a l e o n d itio n the tu r bu ]e n e e d e er ea ses
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u Pw a rd a n d he n e e r ise h eig h t a lso d ePe n d s o n the elev a tio n o f Plu m e so u ree itself. Th
er e -

fo re
,

the r ise eq u a tio n sho u ld in e lu d e tlle he ig h t fa eto r
H

:
.

In C hin a ,
the Pr in e iPle o f the “E in issio n Sta n d a r d

, ’ a n d the d e sig n o f sta e k heig ht 15 to

e o n tr o l the g r o u n d eo n een tr atio n o f Po llu ta n ts
.

T I飞e ea leu la ted stae k he ig ht d ePen d s o n

n o t o n ly △H
,

b u t a lso the d ise ha rg ed Po llu ta n t am o u n t (fo r e x a m Ple
,

the su lPh、, r s
夕

c o n ta in e d in eo a l) a n d Per m itted m a x im u n l g r o u n d eo n c en tr a tio n C
。

.

A la rg e n u m b e r o f

tests h av e sh o w n tha t the fo rm l一la s w ith o u t H
: w ill h av e ser io u s d r a w b a ek s in Pr a c tie e

.

W he n the e m u e n t am o u n t 15 sm a ll (fo r e x a m Ple
,

S y
b elo w l %) o r the

pe
r,灿 tted C

o 15

c o m Pa r a tiv ely la r g e (0
.

3 5一0
.

4 m g /m
3

)
,

the sta c k t o b e b u ilt
,

a eeo rd in g t o the eq u a tio n s ,

w o u ld b e v e ry Io w
, ev en w ith a n e g a tiv e he ig ht

.

O therw ise
,

th e sta ek w o u ld b e v e ry h ig h
,

to o c o n se r v a tiv e to b e fe a sible u n d e r t!le e u rre n t tee hn o lo g ie a l
一

ec o n o m ie e o n d it主o n s in Ch in a
.

O n the e o n tr a ry
,

the fo rm u la s in v o lv in g H
s w ill b e aPPlied s u ita bly in a m u eh w id e r

seo Pe a n d ab le t o a v o id th e o eeu r ren ee o f the a b o v e
一

m e n tio n e d ex trem e situ atio n s
.

A s to th e d e Pen d en c e o f r ise heig ht o n
H

: ,

B rig g s (19 69 ) su g g e、ted :

2
△月 OC 月 芸, n ~

一

杯
.

O

T h is 15 a re su lt o b tain e d b y Pu r e em Pir iea l selee tio n o f a fi n al ri se d ista n c e b a sed o n the

Po w e r la w o f “ 2 /3
, , .

If the o th er c o n d itio n s k o eP u n eha n g e d
,

d o u blin g H
: 、111 h av e △万

in er ea sed 勿
a bo u t 6 0 %

.

It see m s to b e to o str o n g a d ePen den c e
.

T he the o r etiea lv a lu e n ,

in b o th B rig g s
, “ b re ak

一u P
, ’

m o d ela n d th e e o m bin ed
一e
价

c t m o d el
,

15 1/ 3
.

T hu s d r a w ba ek s e a u sed by n eg lec ti吧 the e
ffe

e t o f H
; w ill b e o v er c o m e o n the o n e

h a n d
,

a n d the re la tio n be t

wee
n AH

a n d H
: n o t 5 0 str o n g a s su g g este d b y B ri gg

s
(19 6 9)

o n the o th ef
.

3
.

A ve z

珊
e H尸i产ld SP

e ed U

A lm o st a l] th e fo r m u la s a r e e x Pre ssed in the fo rm o f 么万 oc U
一 p w her e v a lu e P e a n

b e 3 /4
,

l
,

1
.

4
,

2
,

3
, e te

.

(B
rigg s ,

19 6 9 ; M o ses ,

19 72)
,

b u t m o stly p = 1
.

T he r e la tio n AH oc U
一 ’ ea n b e e la ssie ally d e r iv ed fr o m the Po w e r Ia w o f “2 /3

, , ,

w h ie h ta k e s in t o a eeo u n t o n ly the d ilu tin g e
ffe e t o f w in d sPe ed

,

b u t n eg leets its in flue n ee o n

the ter m in atio n d ista n ee a n d heig ht o f the fi n a l r ise
.

A eeo rd in g to that la w
, o n ly △H in

the sa m e d is ta n c e 15 in ve r se ly Pr o Po r tio n a l t o U
,

w hieh ha s b e en va lid a ted by o b serve d

d a ta a t ho m e a n d a b r o a d (B r igg
s ,

19 6 9 : G r o u P o f e d ito r s ,

19 8 5)
.

A ll theo r etic al m o d els e o n -

sid e r in g the e
ffe

et o f U o n th e fi n a l rise e an d ev elo P a r ela tio n m u eh str o n ge r tha n U
一 ’

.

Va lu e P the e q u a tio n s o f C sa n a dy (19 73)
a n d B o sa n q u e t (19 5 7) 15 e q u al o r a PPr o x -

1In a te t o 3
.

Su ch a s tr o n g re la tio n h as n ev e r b een v a lid a te d a n d sho u ld n o t b e e
xP la in e d

e n tir ely by th e fa et th a t fi n a l rise ha s n ev e r b e en o bser v ed
.

If ta ke u * oc U
,

the B rig g s ,

“b r e a k
一u p

, ’ e q u a tio n g iv es P = 2
,

w hic h 15 e lo se r t o the o b se r ve d ev e n ts tha n in P 二 3
.

Th
e v a lu e P in the c o m b in ed

一e
ffe

e t m o d el 15 listed in T a b le 3
.

T ab le 3
.

T he V a lu c P in th e C o m bin ed
一

E ffe c t M o de l

0
。

05 0
.

10 0
.

2 0

P 1
.

8 2 1
.

6 7

⋯
。
一

{
⋯

1
一
⋯ 1

。

4 3
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It ea n be fo u n d th a t d u e t o the e
ffe e t o f a m b ie n t tu r b u len c e ,

the d ePen d e n ee o f fi n a l

ris o o n w in d sPe ed g ro w s w e ak er
.

C o m Pa r e d w ith the Po w e r law
o f “ 2 /3 ”

,
the Plu m e tr a il

d e se ribed b y the e o tn bin ed
一e
ffe

et m o d el 15 d efl e c te d d o w n w a r d
,

i
.

e
. ,

tlze he ig h t a t the sa
me

d is ta n c e 15 lo w er
.

T ll is m a k e s the e
ffe

c t o f w in d sp e ed o n fi n a l r is e
.

W e a k e n e d r ela tiV ely
·

T ho u g h the a b o v e 一

m en tio n ed v a lue P 15 q u ite d iffe
r e n t fr o m e a e h o the r ,

the fu n d a m e n ta l

e o rze lu sio n 15 the sa m e : T he d e Pe n d e n ee o f fi n a l r ise o n w in d sPee d sho u ld o b v io u sly

b e str o n g e r tha n tha t sho w n by a d ilu tin g ;二o d el (△H cc U
一 ‘

)
.

S o m e o b se r ve d r e s u lts a re sho w n in f jg
.

l
.

In th is 月g u re
, v a lu e s o f P in tw o d a ta

se ts o b ta in ed a t X u z ho u Po w e r Pla n t a r e 1
.

4 6 a n d 1
.

30
, re sPee tiv ely

,

w hile tha t o b tai n ed

by lid a r (W c il
,

19 7 0 ) 15 1
.

9 8
.

A t Pre se n t
,

b ee a u se o f fe w Pre eis ely d e te rm in e d fi n al r ise d a ta

se ts
, n o a ec u ra te e x Per im en tal v a lu e o f P ea n b e a e hie、

了c d
.

00oo
n甘���J.几

一UOnCUU,曰,工
(日)H勺

5 0

5 1 0 1 5 2 0 5

U ( m / s )

1 0 15 2 0

Fjg
.

1
.

S o m c o bser v e d re s u lts o f v a lu e P
.

1 6 0 0

1 2 0 0

8 0 0

(日�欲勺

的0000皿
�曲O月,

(日)H勺

2 0 0 4 0 0

0 2 0 0 丢0 0 6 0 0 8 0 0 1 0 0 0 4 6 8 10

F ( m 刁/
/ 5 3 ) U ( m / s )

巴L.
�目�n�O�n甘六OJ咬

2 0 0

旅万勃
一I京厂厄七获壳产 。

尹
一nU

.J1林�几‘.

1
二

.

.Leeee
户

4

46
,山

(日�欲勺

拭 ( m )

0
.

0 2 5

O
.

.

0 7 5

0
.

1 0

F ig
.

2
.

C o m Pa r iso n b e tw e o n tlle e a le u ia te d e x a m Ple s o f E q s
.

(6 ) a :一d (9 )
.

L r e P r e s e n t s the e o m b in e d 一e
阮

e t m o d e l, a n d B the B rig g s‘ m o d e !
.
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Fr o m the ab o v e a lz alysis
,

the h eig ht fa e to r in tr o d u ee d by B r ig g s ’ “
b re a k

一u P” m o d e l ha s

m a d e Pro g r e ss in the o r y
.

H o w e ve r , o n ly w h en the a ee u m u la ted e
ffe

c t o f a m bien t tu r b u le n ee 15

e o n sid e re d
,

w o u ld the v a lt一es o f m a n d P b e m o re r e a s o n a b le
, a n d e lo se r to the a n a lysis o f

their r e a e tio n m e eha n ism a n d o bse r ved re s u lts
.

Fig
.

2 15 a e o m Pa l is o n b etw ee n the ea le ttlat
-

e d e x a m Ple s o f 仁q s
.

(6) a n d (9 )
.

T he e a lc u la tin g P ra m e te r s a d o Pt ed a r e F = 4 0 0 , n ‘

/5
3 ,

万
;

= 18 0 m
,

U = s m / s,

公= 0
.

10 a n d U /
u * = 12

.

O b v io u sly
,

b e e a u se the a ee 一lm t一Ia ted e
ffe

c t o f the a m bie n t tu r b u len c e 15 a e e o u n ted fo r
,

the e a le u la ted v a lu e o f E q
.

(6 ) 15 lo w e r tha n th a t o f E q
.

(9)
,

the e u r ve s !o Pe 15 g e , ztle a n d n o

e x tr e m e ly h ig h v a lu es aPPe a r (tha t U 15 sm a ll a n d the b u o ya n t b e n t
一o ve r c o n d itio n 15 11o t

s a tisfi e d 15 o u t o f d iseu ssio n )
.

E q
.

(9 ) 15 a Pa rtie u la r e a se o f〔q
.

(6) w he n i = 0
.

IV
.

C O M PA R IN G W IT H T H E O B SE R V E D R E S U LT S

In a p plyin g E q s
.

(6 ) a n d (9)
,

the m e tho d to d e ter m in e u 。 a n d 1 sh o u ld be g iv e n
.

U n d e r the e o n d itio n s o f n eu t ra lstr a tifi e a tio n a n d ho m o ge n e o u s u n d erlyin g su

rfa
ee ,

tller e is n o

a PPa r en t d iffe
r en e e b etw ee n tli e w in d Pr o fi le d efi n ed by th e lo ga ri th m ic la w a n d tha t o bser ve d

a t t o w e r la ye r
.

B rig g s ha s e o n fi rm ed tlla t th is
,

jtlst the s a m e as E q
.

(3 )
, c a n b e a PPlie d

a PPr o x i一n a tely to h ig h er le ve l a n d g ive s the ra tio o f U t o u * a t v a rio u s heig hts u n d er the

c o n d itio lzs o f v a r io u s r o u g hn e ss Z
。 a n d tyPiea l t川 d erlyi一1 9 s u rfa ee s

.

W h e n u ,
15 gi v en ,

it 15 n o t d iffi e u lt t o d ete r m in e the tu rb u len e e in te n sity in Prin eiPle
.

A t the In aj
o r sta ge o f b u o ya n t r isin g

,

the a tm o sp her ic tu rb u le n ee o f lo w fr eq u en ey
,

m a in ly

the h o r iz o n ta l e o m Po n e n t w ith a siz e r e m a r k a bly la r g e r tha n the e ha r ae ter istie o n e o f Plu m e ,

ha s a r a th er little e
ffe

et o xi the e n tr a in m en t Pr o e ess
.

T hu s fo r a n eu tra l st ra tifi ea tio n a n d

h o m o g e n e o u s u n d e rlyin g su rfa ee ,

the fo llo w in g e o n ve n tio n a l aPPr o x im a te e x Pre ssio n e a n be

a d o Pted :

“*

一 ‘
~

石厂
·

(1 0)

T he e o n s ta n t e 11a s b e e xl m e a su r ed a n d g iv e n by M o 一lin a 一zd Y a g lo , n (19 7 1) a xzd o the r r esea r ·

c her s
.

T h e Plu m e r ise d a ta a t 16 e o a l
一

fi r ed P o w e r s ta tio n s (B r ig g s ,

19 69 ) ea n b e u s ed to e hee k

E q s
.

(6) a n d (9) in the d eg re e o f e o m fo rm ity t o the a c tu a l c a se
.

T he sta ek heig hts o f th ese

PIa n ts r a ll ge b etw ee n 6 1 a n d 180 m
,

tl飞e Plu m e r ise d u rin g the e x Pe r im e n ta l Pe o r id
,

m o stly

b e tw ee n 15 0 a n d 3O0 m
, a n d tll e su rfa ee r o u gh n e ss be tw e en 0

.

3 a n d l
.

om
.

B ased u Po n the se

e o n d itio n s a n d the a b o v e一m e n tio n ed In eth o d t o d e ter m in e u * a n d i
, 认 ,e Pr o v id e slig h tly

e o n se r va tiv e e stim a tes by le ttin g U /
u : , 二 14

,

i = 0
.

l a ; 一d s t , b stitu tin g the m in to E q s
.

(6 ) a n d

(9)
.

C o m Pa riso n s o f tlle ea le u la tio n s w ith the o b ser v a tio lls a r e sho w n in Fig
.

3 a n d T a ble

4
.

1 21 th e ab s e n e e o f o r ig illa l d a ta ,
tho se sho w n in the fi g u r e a re ju st th e se ts o f v a lu e s

u n d e r th e m o d e o f w in d sPeed s in e a eh e x Perim e n t
.

T he en tire a v aila ble d a ta ar e o f 2 0

g r o u Ps
,

w h e r e 3 g r o u Ps o f th e n o n 一n o rm a l a re o m m it te d
, 50 th e d a ta selee ted a re o f 17 g r o u Ps

.

T a ble 4 sho w s the e a le tzla ted r e su lts o f Plu m e r ise eq u a tio n s s u g g e ste d by the n atio n a l s ta n d a r d

G B 3 840
一

8 3

B o th F ig
.

t o su it u r b a n a n d r u ra l a r ea s
.

3 a n d T a ble 4 in d ie ate tha t the e o m bin ed
一e
能

c t zn o d el 15 the su Per io r
.

T he

d at a eal cu la te d b y E q
.

(6) b ein g 10 % lo w er 15 e n tirely d u e t o the fa e t tha t Pa r a m e te r s eh o se n

are slig h tly e o n se rv a tiv e ,

w ll ile 111 the sa m e e a se ,
tho se o b ta in ed fr o m E q

.

(9 ) a re 70 % hig he r
.

W
e sh o u ld Po in t o u t tha t the ea le u lated v alu e s by th e N atio n al E m issio n Sta n d ar d e
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