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NOTATIG.:1 

Definit on 

Cor~!::tant 

.Me.:dr·urn. vt~l 'I.U! of' conccntr.2.tion (prn or r:.s/c c ) 

Co..11ccn:.rc.t:to:. l e·,_1 oi' tL.e <.lii'fuBiag :r.:c.t-t-er 
(pr er n' r1/cc ) 

E,I-' Con$tn.nts 

f(o) 

f(◊) 

G 

h ' 

h 

t l 

p 

x,y,z, 

X r 

x' 

* 

iJ:11 vc "'al coace:1tra.tion i'u.:tction in t he inl tia.l 
zo: .... 

Un:i.ver::;c.l co:-.. ce trc.tiou !'unctJ..O!l. in t he intm·
,Uate z.oa 

r ·ve2~l conccntrction fu.~~tion in t ~e ~in.al ~oc 

Flux of the dlffu.s. ,~ t.::1tt.c1· 
U:-:.it • "dth (1ipr- f ;.!/ ccc ) 

Hci::;ht of :. .• ,~ oource (in . or cr::l ) 

u.~.i t t i1:.c for c. 

IIei snt nt \t.ii ch t h . ., vcl oc:_ t· ic >:o :r,,_rc u1, or t he 
C1.:t)ieri.t vcl oci t , (in .) 

!cun :ioicnt velocity (1't/f;ec ) 

40 pc.cent of 'C"n a r:.oieu · ve oc ity (i't./;cc ) 

CoorCin~G~ GJ~teo 
oi" t Lc rouz mci::s , 
t he vert.ca.l , and. 

,tl t il 0:t :i..n ct t.1e e:_;innirl!:; 
x 1::; ~Le l on.3.i t~Unc.l, y in 
z i s t h~ l c.tern.l dist~ncc (1.·"".; ) 

.elaxct.icn cl:!.ct.anc~ (ft ) 

Lon~l t ii.i1~1. c.ictn.ncc of courcc free ~-h,.,. l ea in0 
e df;c of he r ouzi.1!:lCOv (ft ) 

Dir,.en ,ion* 
_.,. __ 

' lL-3 ,. 

_ :,; 
141' ✓ 

L 

L 

_, 
L"i..' -

L 

L 

l, 

Ti1e o;ri:;ibols d.cc:1 0u:-J:tiP~ dlr..,c. nion huv ... t ,e follo-:ring c..cn.n· nc; : H - ' sc; , 
T; tiLe , L = l cn0t~ . 

i 



Definition 

a, p Fu.ra. .. c er , constn.nt , cxpou.cnt or n,r r,l c 

a 

(y - h)i(& - h) 

Vertical c l"!t~rcteriGtic h.el~:1t of the dif:fui:;in 
pli;~ c(x., "A. , o ) /c": ,'X = 0.5 

y/>,. 

(y - h)/>. - h) 

i i 

Di r.lens ion 

L 

L 

... ,.,. ..... .. 

L 

........ -



PY 

Diffunio.'1 of iu-~onie. e.as f rom c. line oourcc vi thin e. t urbulent 

our1(b.ry l ayer , f _ c.c l by :fl ,dbl c ro18h:1cc~ clc::c~t.... f ixed on t ho floor 

of o. v-lnu-t1.!l:mcl t est zc,:!tion, uru:, stu.cllccl . The flexibl e r otl.3.m:i.ess e l c -

1nento c on:::ist:2d of J?lw-;tic ct::ri;,c (0 .25 5.n ~ iliue , 0 .01 in. th1c~ e.nu. 4 in . 

hig...-i ) f unt on-c_,_ to 1,,;ood:::r.. ct :r-ir!:. v-lth x-an:::.vc2·cc s; ~cJni of o~c c ;'.!,.:cnt r,cr 

linc.::.r in0, '"'nd. a. G; .. cin-3 in t .1e dir~ction o flo-.,, of one r o.r ever-✓ 2 in . 

They \.re:rc ~;;"O.n0 :::J. -with t l:ei r bl \J::,J. c:i.do ...... ";.cir:s t:P c.irect ... o::i of v.:.nJ. . ;.,he 

frc =- .-ct:rca.:;1 a ;r.b:lcn·c Y locitJ ·,rJ.n 20 ft / :.:,cc . &.'::~e lin~ oou.t:·cc .,;Q.G ;place" v..t 

The conccnt1·u.tior! f iel d. ,:cw w.viited. i nto ~:.u·-:o zo c ~.ccorc.<.inG t o 

The cfi'cct. o:: so '"Ce e c·mtion. c.s utudicd o.n.d i t ,:o..n founcl t hat ao 

t be e cvv.tion oi • th Gom.·c._ ,ms increnscd, the coace1 ·t. ;1tion o.t eroi.lnu

l cvcl for a s 10:rt dir:;tc::1c--.:.c fror.:1 t ue m.~c -WUG l o·:c:r t h:.ln fc1· a "cround-

ource • I t ini::rc.:.:.c .d to e. i:e.:- ,_ va.1~ nd t hen decrc:l3ed as ptoti-

co.lly nccor<l.1nc; to th... .,...w of "'ttcn 1".!.tion fo:t· a now.ce ,r ::; t he bou::1d. ... 1.ry . 

* 4 uD.i::;t~~nt P:ro:J:c :., cor, -;:1.., t Fakintan Uni::cr~ t of 7::n01nc-rine ar. c1 Tecu• 
no c:...-;; , rac :::c. : r~ '\:;ir. t:1n . 

i< * #J.•ofc'"r.o:.r of !,; ::;:~nccrin,s 1~cc:1'•n.icG, in c:1nrt:~ of Fluid. t-:r::chc.nico froo;ra:::1, 
Colleen of I~n ,.Lnce1·i n:3 , Colo1\:.Jo ,u~to U:1iv~!'nlty., Fort CoJ.li~ , Colo:rua o , 
u.s .. . 



l er.!D in b ot.i.nc.;.:l.:ry -, D.:;,rQr flo,.r::; • 

Y<.\:;etn.tecl r eg o:1n , c:L:.:.;rcrslon of che~i.ic:::.l t.nd b iol oslcu i-srt.::.c J.es i, t he 

l o·.;~r o.t.::::osy.DcrD ; cv ... lu.:.t_o:1 01' t ,1e J-0:.cn·:.ial o_;::.r-...c;".:! _ 1ro1'l n~<'i.5.o-activc 

.ycr . :.i:he:rcforc , a oo tion 

t lon . 

· l t~.r . 

· ,., ex ;-0rl'!:..cntr..:.l .;ork wr.n com.uctei.l at ttc Colo::-.cr.:o Stu.t,:; Unl v --1-;.,;l ty 

i 
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i:rcct_O!l of' i'lO'.·: o.i. one 1·0,r every 2 i!i • 

.:'ig . 2 . .Ill 

c l ocit:r or 20 -n,/ z~,:, . 

Ji.nb:;/t -row:; e-...r.:c .on..1.n. (t. ) c-....s, it: ich hn.s a ~r-cJ . .fic urnvi ty of O .6 
.,} 

nto t !~ 

on 

the floor of the tu:-mcl : 2 ft ur..it ... et?J"' f :r-cr~ t he r u,:;,u. ccr; ~1ct~<.?n. ·::.: ; tl:e 

tlu-ie~ c.if.:.crent loc"ti o~:o (x ' = 8, 10 o.n1 12 1--:; ) n,"'.l,;. ~:0U1~ ul.fi'crent cou:rcc 

' ' = C ft . Fo~ O~,!lC. t~o oc~tio~n ( ·· · = 10 ~1d 12 i.'t ) t'-.--. ZOU cc 1.W "• i. ...... 

t h gr01 .• n {h r :::: 0 in.). ~Q l':'.:b:c t..:rc c..ir '1;r CI .--:,'!Oll._,:i (3!!ri fro~:. tl:.o 

✓ vi ich \:<>::; r;rcviou .. J.,y c ~"!.libr~tcd.. . m11e d .. ..:,a: l or c,ac fee 1 t:.'1cl ·;c.;;,.1}li .[; 

n ~; ~e :-> i::. ~Lio·.rn i n Fie; . ~ 

on 
tuni,cl 

"T u o:.:<lcr "t,o c:3tubli.Gh t i::.c vclor.: ::.t.y fie ,:i, V.:)rti cn.l 

vcloc.:i t.y :p1·0:?.Ll2 -.:ere Ln.::en o ·c1· t:.(! 1·ouch:-.c.,:::. c l c::1entc i'o.J:· t ~cc dii'fcre t. 

clocity 



.Ll b"! l .:.V·:).l l1 

r..et.ry . .iith t~l·~ :·c.:!·'\~1--""'~~1c~ vc J,oei t .. 7 u 
1 

ru.·. <- . .. :f't -i \~ ·-..(.~, .... h I 

f,1'◊1'11,':!'~ bcc3:.:~ 
. ., 

.. ;-, ,;..!. .......... ":' it1!li4l~ .. ~.-~ .... , ......... ·ro, .. ,.1. , ... .. 1""1, .. r:. 
~ .;.I. >\l l-'...., I..J ~ co·rc:.~ i'or ~ 

t: l'.'.J fir.Jt G ft loc ... t, 

u . 1/3 :.t . (1) _..., 
i ! a 

,:>" • ..; ,. 'l / J' ~ .,-,. , .,. 1 ' ''f l-'°'.·.1-1 c•.·! ~ ,, .... v -- , .,,., .t-'"'_.....,__ ~- ....... - t he 

.-,··· ··--,·: c, 1 o.,.. 1 11• .• .,., Y.-11-' ... i.~ ..... ~ L I ~ .J..,.. • •. 1/'.i ;tu • X 6 :ft 

l.i tl.c: t:.:::r.m::;t 

~ ~-1 c.~ (' '"'·· - - •1,' ~.-••. ',Q'.!,- t ~ t·, ~-l.· "!'· .1 ,,-,1 J_-,_..,-.. ' .... 1 ......... .:.· .:-.:., • ,_. J.. ,_ .. - - .:. _: ~ .. ~ " "ity 1:ro-

.fll.~ • 

Co:1co:::1.r;.1t1ort 1-..:..i::-lc : ____ ,__,_ _.,_,,. ______ .,.. __ ____ 
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:!.0~10.~ in t -::?:rr::z oi" o.::st:!.tice i'ro-2 t ·c co' C•~ ; e. ~·: ot o:f 

r:,c.r.1.e a;; ~b,·y,,.,:. i. J..•.'..~ ... 6. ,.,."1c three ~o:1c 'i,'U.O tc • ..ed. es 

be t.ir~c ... iui. t .. n.1 ru~d in:tc;. .:,cu.::c.te ..,.one~ is 
h 

... ,~u bet1- ccu i nter-
X - , t 

d. fi :1::1.J. ::o:-.e in 
h 

I ni t1-~~1 -;:..:m~ : A <li~t:.i.n ~lon of i n .ti::..-l-flow .:on::i o..nc ini tie.!.-

,:te in~ tial-·1 fi'ucl.o. ~one :;.G t.1, 

.. .. , ... . 
,1.- •• < G -- . h -

C 1 10 ti.::i-.. 12 ft ... ,.re been ,..c·1 in th~ i'oD.o,rin::; u. ·-.lyn.:.~. 

ZOli.C · C~ll b ._ dc ... cri"bcd h:,r .., 

f-- - f( cr ) 
r~x 

(2 ) 

-. 0 vc.rio.tio of }.. in t h.1JJ "o:.ic ..:.u 

(3 ) 

The coeff:Lcic!lts o t\nu. p ctm ~,c o~to.inccl f a .. c. ,lot of t.~o e;-::r,e:i:i ... 

r_-entul cr-.ta . 

height . , 
tho c..:r l a'if o' tcic 

Co. 
;r_ 
h 

€'¼> vi t hin. the 1:-..iGht h .. Thi~ nou-
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I t noi1 rolloim fI·o::: t he coat~ .. · l:t.y eq_u.u.t .:.on t h~t 

(5) 

v:1c1-c G i s u co· ::;tv.nt of t 1Z ~ifi\c,;ion field c. ..... d. 10 c 1ua.1.. to the flu.~ o'f: 

u C 
c1. r-.. c.x 

{6) 

The f'unct on f (o ) 
r e:, 

i ntc,.. ~tio .. o:r J o f (cr ) C.lCi v.vc-c t he v ll1,;.; of o.G95 . -.;,or c.n ::u:il::t cr~t 

inin i't / ,Jc ., 

nd x 15 in ft . 

C 

I ntc1'7.1e.Jio:'v.:? Zouc : 
-- ----·►.- - ... --- ____ .... ...,_ 

:fim ingi.l . 

(o. ) 

(b) C "'1 C L,·• • 

G 
! t , ~~ •} 
\ X - • . J -

u C i n i:c in1 t.i!L zone • 
C f:;0-X 

~'h,_ cxprczc:Lo i"or 

fo_ y ~ h (_·i.3 . 8 ) 

y - .. l 
r-.:7i f {l } = 0. ) 

for y < h 

G J.
. ,.. ~· 

2 . l - ~=a (x - x')a 

3• & •• h = · xf> 

:..n 

(7) 

(8) 

(9) 

(10) 

(ll) 



4. (c ) 

(b) 

(c ) 

.. .. , 
u 

V. 

u ::e 

u::. 

~{ 

1/n h<y<e, 

und nc 3 (J2 ) 

u. l. = 0 . !~ u l. for y< \ · ._ 
n h > l1 ... (13 ) 

u :ro. y > 
a 

(14) 

r h 
J C U 

i' 'fl> 

cy +J C u. (15) 

0 h 

(lG) 

Tbo i•U:1c t irn1 f(¢ ) b{!.13 tl ~ ~: r;:.1r ox·l r...x:..t _ f o:-r:1 c:ho•.;;::i i n Fie. 8 . CL >1:tc~~1 

/
:" ('~ ,.,2/5 

1n~c J-r c.. uir ~1 y 

v 

.1 .. on.~ . 

r-o.r 1 

~ 
(5) 

u C 

~..rui c ho; .1 t i•._,t, -1 

coui·co ic l oc~tcd in t ic_ ccr-r(.:!..01,. ·,(l •. fl c'.t :.:ow~ . 

(17) 

X 7. 

Ti!o l cnzt.1 01· tllc 

n t,~ (::;t~;tio::1c l · , , J ~ cl 1& ft ) f or ·.,he h!~ · n . _ ,:i::i~ ;;;roun JJ..ac ncui·c,.,, 



\/'Cl<,;; f i.t:t1 o.n c~:r,rc::;::; :!. ort of '\l C :for t i.J.C fi nal zono : a na.x 

C 
C r.:o.x 

where 

C = C r.: 

fo y 2: h (Fie • 9 ) 

y -
> =~ 

for y < h 

The vo.rio.tiono or o •· h 1.d u ·e 0.$ i n 'Cqp . ll, l2 , 13, o.nu. 1 . 

8 

(10) 

(19) 

.i. 10 con•~inuity cqintion of ... :.c f orr,--: c.z · u .:..<1• 15 vith Eo~ . 18 , 19 , 

12, 13 t:.nd l l.:- CCO!:1>;):; : 

\l 
0. 

G 

c ::.:~'l.X = 0. 211 + (f> - h ) J wl)i/ 3 f h ) ·~ 
0 

va l U:.:!5 c.nd Eq . 11., Eg_ . 20 b,.,co:::~~ : 

G 
C: -------.,.. 

F ~,f3 - .... 0.077 + o. ;6 

Eg_tl!'~t ion 21 i n t .1c Uil?rv:·; ' "ate f m• f or u C 
£l. ,?;..('.X 

i n t c fj_nnl 

a 
C 

f ..,_"1,.V ) 
nu x nrc t nc sc;:i ~ in Eqn . 

(20 ) 

(21) 

zor:e . 'l'h".? 

7 C..l1d 17 . 

The 0..9-· "Or:..cn t of u C -nrcc1J.ct~ ~ l;·.r the C"t!'!::i.ricc.l E,_:::; . 7, 17 nr1d 0. .C:X r ., -

nnc1 13 . 
Ei'fcct of Source :lcvc~ion: 

i n J?i:; . lli . Tee pl ot i'ol.lo'JC c. zi.::i l cr t .... end M :fou.'1d. y ravn:r (3 ), onl y 

f c rcnc~ i n r ou.:.;lmc::;z . 

As t h~ e lcvo.ti on o t he r.ourcc i c i ncrex:;cu , t ".: c;:round-lc·rcl con

ccntj_".J.tion f or o. si1ort, tlinte.nc:e from t ho Pou.re ic l oucr tb.::i.n f er 

"erount.l- l cv-c 11 .zom·cc . They rise t o c. !-:C~~ v:il 

·..: -oi' at 1~•::-.:.1.l.'.J.tion f o1· c cou:r.·c0 o.t t he 



9 

r e l n.x,1.tio;:i d:l-, t~r~c "' t.'l. dc:1oted by x::- • :i. •• ;. ::; 2-c '"''Ultioa 6.cto.nc .... iC J')J.ot-

tcd o.~ .. n.Gt h ' / of in l:"5.e: .. 25. ! -t i n fo, ·-:a tb::..t it i'oll.qP...: o.. r01r:--r l n·.r of 

t ~1~ fori:. 

... E (22 ) 

COll~ ::.c.:.t E h~ th~ ve.lU!.! of 10. I n t ll~ en::~ 1':lc;u.rc c.o.to. f :ror.. D~.Yl:.r (3 ) 

...;:; nl::;o 1110 :. tc " Il'~ ,r-..:.r, fo• r'Jtl to .f o1.lo,r t. c <•::-..:-.:c J.n; ; v:l t:1 co:1~ t!l.!i.t E 

·" vl.nil tur.::..c-1 ,~ ... -~ c!.1 ~ zo:::c ficlt:. 

CONGLwio:;s 

As rcnult oi' t:.i5 ctu.G.y of c-: fi'u io:1 f:ro:m c. l :!.nc co"JX·cc ir. o. 

l , .. -\ • • " ')/ . . 
6 < (z .. ;,: ' )/h < 20 .5 W.1cn. th,"? .. ,:.::,t5.o {:-: - .:1 )/::i i c l es~ t ::.o... G ~il 



10 

7, 17, .'.lrt 21. 

-: ·rc .... 1.; ._. t.; W"'I C: ;j ( '°'{•r 2 , 'i ~-!ltl 18 ., .,. ,."'} ci.,.o~;.~ in Fi:;G . 7, 8, nnt 9), ~nd : ., -;,.~J • v, ,\.\. 

1 3.V"' ecn~nt o.11~/ i-}'1 .... .,1. :,;~-:-~ c1~r~ct,e ~:t::; Cicn o.c .L• conce. t1·0.t:io.~ ., ... c,.f_lc0 " ~ v:lC 

... bo~ e h • 

h ' 

0 ::_:.·nnov:c.::iii1, f or Lh:t" "'ti..:i!y w:1.c 1i::ov:!.i:.:.cu. by t:-;.c Ar;ri cuJ:';:, ''"Ci.J. !le:c :~~·c: 

f..'..cr...,.:tcc un.1.JJ1· Co:1.t1·c...c..; ~f•::.'I • 12- l+-10O-:• ·!;G )·1) ~~c1. the U.S . A1.:y E:tcct -o:1ic 

D -SIG-36-,039-52- 2 i . 
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'i'/BF' 1 --nf~TC L I\.T~· ( 'P'!,.OC•o/{ l'.."'I.!:;-r i~ ) -r -'4-4 • - • .... ~ ,,_. ..,,._ .. ..L>,;..1 

- ---- ·-~~~--_:;t-·...,;_,..._,,, .,. ..,,~___,,;,,..--__,,....::. __ ,_~,..__,.._--... --..,-~~- --·----~-----,.....,_ .... 
ti:> e Avc-ro....,""'C 

X u 1.~ h 
h ft . 

l". 
1n. .. 1n. f t/~c-c . i n . I i n . f't.; scc . -- ---

2 10 10.5 -- -- 5.2 5 .7 
6 " 16 .0 6.3 fl -- --

10 " 16.0 -- -- 5.5 n 

12 If 17.3 5.8 " -- --
14 .. 18.7 6.3 fl -- --
16 It 20 .1 4.7 tf _.,. -· 
16 If 21.5 6.2 n -- --

2 20 9 ~ ·- -- -- 1.1.3 1~.6 
6 t1 11.9 1.0 2.2 5.3 u 

10 II 1l1 .6 1.52 2.05 4.2 II 

12 n 16 .0 1.76 2 .0 4.5 ti 

14 .. , 
l'( •.? 1.99 1.9 4.B ft 

16 ll 10.6 2.21 1.81. lt . 7 ll 

10 " 20.0 2. 41 1.84 4.6 u 

2 ~o 8 .6 -- -... 2.3 3 .8 
6 u 10 .9 4 ".} fl -- -- • -"' 

10 ti 13 .::. 3.8 n -- _ .. 
12 u 14.3 3 .6 0 -- --
14 " 15.6 3.9 ff -- --
16 fl 16.7 4.3 n -- -- -1a rr 17.9 4.o fJ -- --
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