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ABSTRACT

The theory of the spread of turbulent jets, based upon Chou's improved
general theory of turbulenve, Is given inihe present paper. Starting
from the differential equatious for mean motion and the equations of
double correlations for both velocity and temperature fluetuations, the
anthor has calenlatud the mean valozity and the moean temperature dis-
‘tributions in tha two-dimensional, in the axially symmetrical and in the
Lalf jet. in all three cases the same procedure of approximation has been
fellowed. The re: ults arc compared with experimental data, and the
agmumem Letween theory and experiment is guite good,

- : 1. INTRODPUCTION

The theory oi the spread of turbulent jets, besed upon Chou's
general theory of turbulence?, has been given by Lin?. Hs has calcu-
jated the velocity and temperature distributions both in the two-
dimensional and in the axiaily symmetrical jet, [he results, except
near the edges of the jets, agree quite well with tie experiments,

The general theory has been improved recently®, The present
paper deals with the steady velocity and temperature distributions
in the two-dimeusionsl, axially symmetrical, and half j s, using the

% An improved version of an M. Sv. dizgertation, National ising Hua Uni-
versity, 1Uds.
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improved version of the theory, It is found that Lin's resuits for
the first two kinds of jets still hold true as a firzt approximation,
ut the equations which deteirmine the distributions of me.n velocity
can now be intcgrated with a better approximeation and the theoretical
predictions thus obtained agree wiih the ¢xperimental values even
up to the edges of the jets.

The half jet has bteen treated Ly Tollmien* cn the Lagis of
Prandil’'s momentum traneport theory; theory and experimcnt agree
well in this case, We shall show below that Tollmien's formula of
mean velocity distribution alao holds good in the present theory,

As in Lin’s theory of ihe spread of turbulent jets we use only
the differential equations {fo. mean motion and the equatisus of double
corrélation for both velocity and tewperature distributions, We algo
assume as Uefore that in the firet two kinds of jets, tne magnitudes
ol the components of the turbulent velocity and temperature fluctua-
tions are constant across the jets, and that the [rlpie velocity correia-
tions are replaced by their résplictive vatues in the iniddle of the jets,
while for the half jet we have to use, instead, von Karmdan's similarity
hypothesm‘ that the maguitudes of the components ol the velocity
fluctuation are mmutually proportional and that the componenis of
triple correlations are alsa proportional. In fact this similarity hy-
pothesm when applied to the first two kinds of jets, leads necessarily
to the former condition on the "douible and triple velocity corrélations
stated before, when the equations of double correlativn are put in the
appm:-umate form, '

PakT 1. TUE Twe-pnliNs oNAL Jer
2, EocATIONS OF MiaN VELOGITY AND
URMUERATORYE DISTRIDUTIONS

The eguations of mean velocity and temperature ~distributions
have been reduced to simpler forms by Lin. As Lin’s paper has not
heen pyublished, we shsll copy his resylts below with a brief indication
nf how to ohtaln them, ' ) ,

4, W, i‘q]imif.ni, Zair . anped, Math., r. Marh. §, 468-478 (1£25),
5. Th.v. Kérman, 6¢9¢t, Nachr. 52-76, (1930).



THE TURBULE\T JET 107
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Let the positive 2.axis mdlcate the direction of mean motion,
and'let U, 7" be the components ofmé&4n veloclty along z and along a
rerpepdicular direction y rc»opecuvel_y o 1 )weﬁ,qeglect the vLcosxty
Lgrig ¢ aud. apply the boundary Jayer.. qpprox;m_ non: Wthh amounts to
neglevting 3fox in companson— wthx af[a_j fop any quantnty f. the
approximate form of the equatxon of mean ‘motion is

ST aU._.,._llorrxy'
v +.\ TR
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(2.1)
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— . Clgeslet s IV GF D o wiar !
where T,y= — Pw, wy is the Reynolds stress,’w., wy, w » beihi ‘the
components o Tt)urbulent velogity, fluctuation,y To sqlve the above
equatlon iLin aaaumes the mean. velocny distri utlon of the ]Pr at large
distancesrdrony tires slit:66: be simildp o thatlevely miehn ghantity:is
of the form x9 f (y[2?). {(Thént substituting:into?(2! 1); applyind the
¢Qndmon that the flow of momentumM per m;lt time aeross a section
of unit height is conqtam where

FETE 5 T A B U) IY’;', b s in gy
= P

o =00
M-=p [ U’ AYgss, RO TRV Rt S

o1l VS Sw eonuBad IS IL vioud ' Fyrf
and, agsuming, Tay ;to vary, thq RO aa (7l Lm obtams the result in
RS * Dty Pkl - EN ‘Jl"" #:A“'r/ xl;
terms of the stream function ¥, " vt
. . - i ZTII»\)E
Y Ly AV AR F( Y :
P = A A2 F (T = B
Uwsyo obawyy - UmAhoy, o (=g) (@2
where A'is a constant, SRR

i

Introducing the functions 7o, f,, (only f, is requxred for the

r{n}eaq motlong'theother iunctlons are meiu;l;kq:er bn) (Lm (3.10)):
IS - TaNTY
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We cbtain from the equation of motlon (2 1) the followmg equation .

foreF) (Lin (3.19)) (wwt R I :
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By a sun lar procedLru (here tﬁw amonnt oirhea“( carried aéross
a cross sectmn per umt ume*’ls wnstant) the mean t lmpel’ature ®

41 be Dt 1o the f@rm (Ll§ (13 27)) g 3
[SEARNTTTs L AN i EFERFare R VI PORE VORI P o R
® =B.’v" G;(n) \ : (2 5)
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with B as a -constant, and th‘ ‘Jdduble Vel‘)mty aﬂd temperature cor-
relations are equal to (Lin (329)) e e

g A *al(ﬂ)’ff1*‘

Co—pm
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Finally.: t,hp aDBonxmate form of: lshe equ mon Ior mean(tampgrxature
o

afstributions¢an bg\wmtten‘vas (Lmj(3.31)) ST LY R P et e
et ageh; (2?33
RS

i

s
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3. EQUATIUNE OF DOUBLE CORM LATIONB
a e ..
ccordi Lo Chou 8 ggneral lhu)ly of turbuience we have the

g
J AL
fghow%n%xe‘&;\i]atléﬁs of g l;ady velﬂcity COrreiati‘on iexpressed i tensor

u‘ lonut o oo o3 o elir

form:

(a) Velocity correlation > ~° 1%
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gu%tuquoggﬁnd Xs Taxlor s scale of nncm turbulence The functmn
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w'ere jwwk| is the determinant whoae (ik) clcment is wywk.
Applying this set of ejuations to the case 5! a twe-dimensional
jet (zl=ux, x? y, z* -2) Int which all t-e average quantities con-
taining an odd number of tha index 3 vanish due to symmetry, we
have four equations from (3.0) for (7,k) — (1,1), (1,2), (2,2) and
(3.3). The remaining two equations of (8.1) of doulle velocity
correlation, for which (1.%) =(1,8) and (2,8), become identities,
Let us again introduce Prandtl's bundary layer approximations
and write (Lin (4.11))

!{:m’x%A'Jﬁ_-? ho(n): ;a;i;;};=%‘4"x-? h 1(?])‘

Wy = 1A~ k(M)

o a . (33)
wyt= 1A% (7)), wew, = 147 h ("), .
£
Wyw, e 3 A7 g (1)
and set furthermare (Lin (4,10))
WA = AzE d, (1) (54)

Since components of the lensots @, and by are either constants
or slowly varying functions of the coordinates as proved in the genersl
thieory, we puw, in acenrdanee with (2,3) and (3.3),

O il =3472 " Yepmnijc + by =g ®e™ 2dy (3.5)

in whieh ¢ppyir. and d;. ave now slowly varying funetions of 7, which
may approxin.ately be regarded as constants, Cn substituting (3.5)
into the four non.vanishing equations of (3.1), it is found that some
of the ¢y,n;r. and d;; must be even functions of 7) end some odd. As
in the firgt approxiination we toke onlv the ronstant term in thesa
slowly varying fumctions, the odd ones can be put equal to zero, Alzo
it follews from (2.9) that :

A =wa +wyttw,? = ;A (] A fetTs)- (3.8)



110 ' SUSHUHIJANG

Substliuhng thq% e Jtlons mto the four eqmrm%s derive d from (3.1)
and. (;qnatLdermg that th0~e compqnents of dmnik and Z,,k whicu are
odd. functions, of. 7 va* 1>h we have S e e

2(F'+’T1ijf —2p~f,+:=% g Ffl +nh i k{, Sl ien {_,_
| G e OERE G
A DR AT O )T D)
s e T AT F A
-c'”“’p ~ e (ME I - ‘F)'i'(?n*ﬂ&lof:’ 3
?

A‘? kS

PAGIEY A ] —2F)fs—20F fs'EEh FT: +7%l:'— hs
G ’ :%(02 222 -Ctra3) 'le{TJr—'?_’i)F”;)g*—d,y\\&q :
(g TR @ DL E A T ) T (= 2) ol (89)

Pj’f“'{‘ }24—{ I’/‘,—*—")h‘ :_—'h" ‘ 3-—‘. k4 i -‘ e 13 A
,<c,,..—cu..)fF’+sz”>+d.. o
: i amA D (b SR F b 2YS . (A10Y

{ k. Foliowing Lin, let usicomipare- the-order ol magnitude of th° dif-

igjent terms er the abave YsLt of tqu(mo, p Alter uedlectmg small

G800 ! SRy TG gL ey
(}uanmhles -Jl ord ra mgﬁer tlan H Whu‘h is dehA d‘“.)y"‘l (Lim (4 17))

IL(;’: I W

;E{r(q]?;)”g:%;w. N 0 (Bagy

Aridassuming theréven functon, i, 10 be constaniy we find that (.8)

reduces 10 the form
w1 Yo peniiosd crgst oa0l5 wWoai LA oo fc‘ac -

[ v B hfi!'[])[ F‘l,\lbﬂ‘f ) (@h“[ﬁ')vf]’;':ﬁgng\ !&Q[ { S 3£3 12}{

xxEqu‘ ‘Ih?ﬂk*ﬁ / d) P s npfiry wrgirl i)] A7, ;de will o
where glm —2) Sto-and b= ,“{,aua\f‘ s, yay | eregm ed as con-

atonts. ‘Thisaauation s 54 qmnt;agllg the Sf{ﬁ%ﬁg,tile equa;’ioim’ @ .2 1,)::

Qi-lan gl}\@lged&u Lhe QM&%QL% - 1“; tu?l calculatlon Lm repla\,ea
this equation by the approximate one (Lm (4, 22)) . .

9B, The experinightll value of 9 fiabpue0 ¥ 1+ - 0 = “ s g
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zyv “éﬁ1”\+af2=0'\: - “'a"' : e 5‘.‘\ (3'123)
We shall, however, uce-the irore accuratg equation (.?.,125),, e

(b) “Temperature correlation i+ uors DL nos
.- The tensor equation of steady double temperature cm:rehuon funs

E

ag Ui

g

UJ(“’Q?) j + wzw Ty + w 09 Ut] {' (w:’sz)f?

- =4 0 .
\.;\ Gt \ Couns ,,:z,;n u .

B ‘ _,,WK+1» n
a,:‘Q?U‘ by (3B.;pw!’6 B w,ﬂ), (3 13)

where Bjp can be taken to be cor étan{sfé‘irncé both gl. which detlotes
the amplitude of temperature fluctuatien; and g are approximately
constant, and B, mB,] s»i0 tectangular goordinates it, leads,; to two
scalar equations ior 2 -1 and 2. The thlra component corresponamg
to #= 3 vanishes identically.” ' ‘- e v 0
.Consid, ering the even and odd propertles of the vanous fuﬂct ons,
u}g baVe the constants 313=321 =0, and finctions a,“ *—Gux
~fly,3 =0gg39 =by =0. Let us write, as an anclogue to (3 3) and

(34), R B 5
< . oo ; - -
(0,7 g AT B k (n) w,w,,g %A;B:o ¥ lo (n) -
wy’€=‘A’Bx Kenys ST g@ 14)
s oA f"'+v)//\'=Ax Pl n L 318)
and put, as in (3.3) and (3.6), s :
amm'—:%ABx_lcnmi ' b, lAzBQE—sl}d‘. , (3 18)

We obtain from the two equatlons of velocxty-temperature corre]atlon
the following two equations, after neglegmg smalil quantities of orders
higher than unity, - NE

1:q{;;G‘+g F”"I"k "‘a(cln —0221)(F +2NF" = d' =
fu Loea . _(3811 )L ql’. (3 17)
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fo G 4Fky =€y, I —(BByy—B, VLo (318)

The first- equation gives ¢/, and the sécond :determines.g,, ~Lét
us now consider the second egquatign snly... We assume,. 8nalogously
torthedheory of veloeity Huctyation; kg ,aungij?sg; o.be eonstant, Then
(3.18) becomes k

G==OCF"+pq,, (319)
RS R S B e A

with the coostants o{—= - c,‘,/f3 and 8=~ L (33“-—3. .. This
‘ reduces(to fmgﬁse@ﬁmon (4.4 i) \Aﬂiemthe—lerm“uF” 18 neglectad.

4, Dl\'[‘RIl U'IIUT\I OP MI &N VFTAU(,ILY \ND TF’\TPF, LATURE

Aule uw_‘

£a). le(;aGJty»(izttrLbuéao?z ey

it E‘.h%ﬁrdtmg f, from (2 4 “arid’ €8 12) we- nb&am T

DOE o SIS ST [T S Tl e

(b—lF?)F"—i—a[b'--"Fr'z =0 C(41)

Tie sofutlon of thls equatxon =ausify1‘fl<’ théleﬁdjtimi Féé‘Oij"F’;'-_-.l at
&! : ¢ R A D)

1 ey 2K Hi—g it (42)
a5 e )Hv.f,’hd(l i

3 N i o
where U, = Ar™? is the saaximan value 6i{/ and ¢ is a constant

connected with o by the reiation S -
v 1 — & —-3/2a
DY
Tge relation between g and £ ig ‘
o u})u PoL ool M e IS L GRT b oty
il o Bobiliao, ,IiuwF zgﬁwrg; THE LG L L S

SV T N

% Twish to theek ‘Piofid. ¥ Wangfor ppinting-out thit-soluzlen-to meo
Aand -for manv walaa e Suggeqtlom which enable me to bring the paper
(ro the nréﬂbﬁt’ forby,
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and ! is a funciion of & given by - L e

[ = 1 _ mg"/+§w(1+ (:"‘)I(Oé?_;r_Bz ;_7 ,,) l o8 ((/4_ 5“)3;1_.,3:

\/T:Z\’ v~ g AN 1 ¢ - CT"— (0{ £)3* !'[)2

R 0% +B’;7ﬂ)(m-lmkg L gﬁg\
s 4/3\/1+O’+’0'~ S . B
where (£, 5, Y a‘ré_ con&tants_ dgflggd by

P T

i

Dy o L SRR e AR

z S
[ 2NN

RS N ’l’t'bo-fl""ajﬂi s

o Teo - c\mnvpnre theasolunon (34 2) w1th exoex\lment we, asaume a
value of ¢ and caleutaic the cofresponding velocity distribution, By
trial it is found that =09 {(@=5.52) gives the best ngreement with
experiment. The theoretical™ result: iS‘(oﬁﬁnufé\d Aavith Forthmann’s
experiments® (represented by o and ®) in fig. 1. The calculatea
valtue of 1), (at which F’=}) is 0.404,/20, which gives b~0i0507-
for 7 ~0.1 ? : ' . '

b

% o o . ‘iv'_ : L N K
o S
. (47‘ 0\8 { iiﬁk‘ '

— T S xS Ty S AR
N - D S S
C e e . P S U P Y 7 I . A
{\\ N Vo n S e /)7/170 R
, Fig 1 VelbtAy distribution in 4 plage’jot’ .7 =

6. K. Forthmebn, ¢ ny FArdhrs, 4asd1saay TN
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(b) Temperature distribution . L

Ehm.natmg 03 fmm (2. 7) Lr\d (J 3) We. obfam ;
G P _% F/l +t KJ)F(I B k; w v( ~7‘: \\;(4.:3}

wh:;se sohmon is \

FEGY gy,
N . g

G =0 F'+oc,9eﬁde”j = BIFAN "y (4.4)
The integral fF d% can be evaluated in finite terms from the goldtic;'l
(4.2), but-the last integral in (4,4),. should be evaluated’ by numerical
mtegratlcm S nce nd‘experlmémal d'\tu are’ avarlable t e nurroncal
mtedratwn has not been carried out, ‘

15 We use lh\ appromrpate equemm {3, l?a) then ‘(4. 3) reduces

¢ i £ /;(4.5)
with the solution 7 ’A‘f"‘\"'sf' e f el B D ised
’ S RU S |
b/ A
G = + C(F' —B 4.8

T G age 4

N
n'sl rehult (Lm (5 4}) canbe

where C is a constant oi” i T
obtained from this! foxmul% y bu m 3 :—0!

g
PART; H.\TRF‘?‘AX}ﬂ{ ‘T‘SYMME ERIOAT. Jee

— —\»——w—-{— !

5. »-FQUAT vQFSs QILM \§ VLILQGJTY AND
; / gmmkn rgs E‘RTLU’PIO‘%

In the present caaq ihe }quatmmjoﬂ.tam&d by Lin corresponding
to (2.2)—(2. 7) are, wrth'*?) —rljoc ~ —L——-&w 0

N

‘me-'F'(n)/n. V= Ax"{nr'(n) F(m)}[n, (5.1)

TP o = PAIRT M), T g P AT ()
Typm —PAE 2f2(7))o , (5.2)
M= ~PATZVf (1)), :‘5‘;1-59;1——1?4&967?1‘;(7),‘),» o 7:
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Y

FF =07/, (5.3)
® =BG (n), ‘ (B.4)
wpfm (ke (0), W fmABaTig,(n), (55)
TG e =Ty, (3.6)

G, LEwUATIONS OF DOUBLE CORRELATIONS

(n) Velocity cerrelntion -
Vhen (8.1) i3 expressed in polar coordinates (xl=uz, 2%=1r,
% =), four equaticns are obtainel, which need not be written down

cxplicitly, Let us put, asin the former casz,

-

W w AN () W =ANE R (),
W0, ? = A%7N5(N), WP = A% thy(7), L (8.1)
I s
s (]
waw ) =A% h (M), 'w:wé; "= A% (), |
i
1 ) E}J-[,\,J=Axb’f.,(7l')a . " (6.2)
Comnin = A2 ""mrtkt E}'r As". ‘ai; 2 (6.3)

Wc ¢an still use tha vahr-s of the double and triple velneity
correlations in the central po:iion of the =t as their corresponding
values for the wholc j:t as n {ivst approximation, Thus functionn
For f1t fas fastgs g and i, will be as umad 1c be constants, while by,
hy and kg will be proportional.to 7 as before,

After -substituiing expressions from (8.5)—(6,3) into the four
cguations ol doubtle correlatioy ani consilering the values ol the
different terms in the secound ol these four equatiin. at 7 -0 (notice
that ['/7&=1 at 1=0), we lind that il ‘we neglect-terns of order 97,
we ¢an put cn,;. Cazrgs Ces1a and d, 4 to be zero, todsther with

By “he or  iog(wi? Twg=0 (64)
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The rerulting eauationa of double correlation involvin! the non.
vanishing terims bacoms

2(F" 4= “)h (I; gglhish 1 —hy'
== Oyt 4 Cagq (F— 1:’1‘51;:)-1- nn(F :‘)'}"du
2 o ) (=) Sl o (65)

1}F’ft+( 77’-)-‘{’_'(7? I‘ﬂ)r' "h‘+§]1fl"+qht

"

= 0;113:(}}“*5}3) = "'1-5 1:715”%‘-(1”“—2)5[0,:":: (6.6)

2NFfy ZLF”

,.} i;;")_a',"}‘:lhn +%,] (2?% Ty —hg'

% ' v F ' i 4
= = Cyy1a2F FCa22(F ""';‘,—"Fns) TCys3z if} w:)'rdj"

oy e S _-.:‘)_ ) ) = ‘ .
+ L, (it fet T (=) 5 (BT
2 futahg — e ny

=iwiCyjge Y +¢31:Q(F ""'—""' IS) 1"-';:"( 7??) g3

;?_%T_i Lo (/atfati )+ (m-2)8le/y . (83)

If euall quantities of orders higher than 11,, are neglected (7, i3
thie root of F jnm\} and is approximately eubl to ®1), (6.6) beaames
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(eay1atfa) d'( )+ [t 2)3, ——i— ]f " (6.9)
(b) T empera*ture carrelaftzon P o
Aralogously to (3 14) (3 18) we have ‘ .

i B Yo
ity s
’Em 'k,(n) 6,’67 A’Bx 'k (71) /{ A
(K+V)/A’ Am" ..(97) R A (5 F))
anfmt’*AB”-’cnmu 5 bjmA? Bﬂ? ‘d:. (8.12)

(6.13)

: *(33,.gl+(33,,—3 8 RRNCNTY

In the above equations” we can also apply the condition at N=0
to ellmm:\tg some.of the constamq, iz &, 804, Bir.. - Furthermore ky
is assumed to be propartmnal to 1‘; whlle k, is constant, This gives

dy=0:B,, =0,and 7 - |
k; = k or (w0 ~ w ’) g aﬂ g ((6.18)

The approxxmate form of the: equatlon (6.14) ‘;g BBEY b

d
(&%) o o G’nocd”’)( )+B

where the constants % nnd [3 are also glven f)y ( 3. 19)

(6.18)

-7, - DISTRIBUTIONS. OF- MEAN VELOCIT,X ANDTEMPERATQBJ-
i"(a) Velooity dzstﬂbutzen Tl B T Sﬁf‘- ; !
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Eliminating /, from (5.3) and (8.9) we obtain.

'4F2FFF” a Bl o
=5t G+ 0m ) fHUp-. o

' Here the constants ¢ and b are glven by the same expressmns as those
- in (3.12), The result of. nurgerlcal integration- of-this.equation is
shown in hg 2 and compared with the experiments of Ruden? and
Kuethe®, Thé’ value ‘of ‘the constant a Which gives the best fit with
experiment is 8, and the correspondmg value of 7), is 0. 73\/6 Since
7, is-about 0.1, b will be about.0.019,

. er A - 2“7’1 TTIT
LT P HE
H %7‘ N O B Y s L
o’b f‘ T -
o 7 \
, B ’// . s, ‘L
0Lt N
¢ g 7 — x >
' ¢ g.a‘“-*‘—z “SE oSN T2 3

bhath
Flg X o Velocxty dxstrlbutlon in’ an axxally symmetrlcal ]et
e 3 -0 - Kusthe’s experitagnt ] '
— — Ruden’s experiment =
TUb)  Temperature distribution < ' S Rl

From (5.6) ahd ‘='fG'.‘fé);vﬁéiﬁbtdm: £

IR ’ 5
U eaeg(M)e 0 T @
2 Rdf\/tw.?l sre-ais, (odey. T Y

8. Kuethe, Jour. of Appl. Mech. 2, 87-95,.(1885)..." v .0
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This equation is mtegrated numencally by assummg sultablé?varhleb
of the constant gb and- determining-thie: corresponding values ohigi:by
the experimental value of 7)/7; at which Ge= }'(Ruden's experiinest
gives 7/7q==l. 15, uR bemg the value of 7 at which F’|m=4%). Com-
plete agreement . with experiment cannot be obtained, and the value
Bb =10 is the best that can be chosen (with the correspondmg =

~0.85)." The result is plotted in ﬁg. 3 and comparad wnth Rudens
experl“nent. rEL SRR

| 7/’/7;.

}51g 3 —_ Temperatnre dlstnbul;mn in an axlally)symmetncal jet -
: i —Ruden’s experiment’ o

_ Pawp LI, Tup Hatp Jer.

| 8, 'EQUATIONS OF MBAN VELOOITY AND . ...

TEMPFRATURE DISTRIBUTION o

A stream oi ﬂund flowmg parallel to the posmve x-ax1s wnth
velocity U,, passes over and xm;xes ‘with the stlll tlmd mtuated on the
-gide 2>0and at’ the same level w1th the solid base to the side <0,
It is required to find :the mean:-velocity distribution in the ¢omplete
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" fluid; Byithe law of eonservation of momentum *: and the assumption
thatdgw, varies with 2 according:to U2, we. can deduce the form o!
the streain function in the pnesent caqe aa R

T weaary ey [ 6D
Putting ] ) , ¥ e \\\ ,
?__pA;f..(q)’ ‘Zj‘wﬁz-—e-PA’fl(A")). 'Tgﬂ=“PA’f:(ﬂ)' \ (8 2) :

| Tyym—PAY (M), TypmmmPAT () J

we{arriVe'at the equétioi’i of metion in an approxiymate form _
FF” = 15, R (8.3)
Similarly, by the law of congervation of heat the mean tempera-
ture distribution can easily be shown to have the form
S @=BGM. . (8.4)
Write L % ‘ . L

w 9—4391(71).

Wuﬁ ABg,(n). (8.5)
the equatlon of diffusion’ oi

‘at th‘en bécomes _
FG'=g,’ (8:8)
9. EQUATIONS OF DouBLe’ CORRELATIONS
(8) Velocity correlation

The equations of double ‘Velocity correlation in the present case
are identical with thgse in tn,e two-dlmenswpal Jet. - Similar to (3.3)-
(3.5) we also have '

U

N
i

* The tlow of momentum per unit time across a section of unit height is

sz.[ R dy . PU ’v.

e b iy e f ;

FAN

where g1 -and. 2 are thé upper dand- lower houudarias of tha jot. = =T
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AT (), welwy=ACh (M), warwy’ =AM3(7).)

e e Lo ; (9.1)
Wyt =AN, (M) waws =A%, (), wyw,* =A%hg (M), )
ATPEET LRl L) I (.2)
yasgc e el W
Connily = A7 Cyiniie {‘-i,?.: =A% dig ) fB ')

in the plane and axial jels wo have taken lhe valiies of T1s T4 8nd
Foand by by hy By and hy In tlie central pomon of the jets,- This
proves to besineife tive in the presont case and we huve to adopt -von
Karman’s similarity hypotbesis® which can be shown to lead ‘to the
former procedure for the fizst two kinds of jets, if terme of order higher
than %, -dre negideted, ' This hypothesis canbe expressed as

g

Fo _fa_¢ qui Mol Hs By ha _hs B
. 1:_7.‘ Ién Pl R ‘f‘ = _r, (9.4)

where the syuibo}s r and ¢ are cinstants, By this assamption S may
gtill be regarded approximately as a constant, With, t:he aid of (8.1),
(8.2) and (9.1)-(9. 4) and aiter neglectmg small quantmes of orders
y h1gher than'n,, the four equatmns 'o! ‘douhle correldtlo’m hecome in lha
“first appmkhfmtmn # : W

'_-;},F —t‘h =c,u|F" J—d,,+.€o{1(2m+1)Rf o
A T (m=2)Sr, f}, (9.5)
~r fF”—fha-_-c,,uF‘ R PRI —~2)8/ s, T (98)
_—-t h % c“,,F’ +J,,-{~—I {§(2m+1}'?f+(m 2)Sryi ) (OT)
W ey gy Pyl { §(@mA1) R (- —2)5r4f} . (98),

in which Re=r, 47,7, is a constant.,

It the orders of magnitude of f,. o and 1,; hy, by By and hg;
€ag11,Ca122 80d €544 8nd d,,, d,9 andd, , are respectively the same
hut different for the different kinds of functions, then the term —2f,F"’
can be neglected by comparing (9.3) with (95)-(2.8), Now absorh
- - the constants d into the functions 2/, and a¢sume [, to bs a constany;
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then (9.5)-(9.8) give consistently that
R e, F', [f=me, F", (9.9)
and
fa=eF'", (9.10)
where ¢,, e, @nd ¢ are constants,
(b) Temperature correlation
The equations of double correlation for heat transier ars the same
as-in the case of the plane jet, For the triple correlations we write
analogously
W @=ABko(N), wawyf=AIBk (1), wy?J=A"Bk,(n), (9.11)
(K4V)| A=Az Lo(7), (9.12)
Cpmi = AB Cnmis b; = AYBx~1d;. (9.13)
We shall use the similarity hypothesis again as in (9.4) by putting
Y1]8y = gi[83 ==y, (9.14)

where 8, and s, are two constants, Substituting these relations into
the two equations of temperature correlation and retaining quantities
of the largest magnitude in these equations thus obtained, we have

1267 F0aF" = ~ €30, F" = { (3B, ~Bo)s1+3B,38, } Loy, (9.15)
Fo6 = —¢303F"— {3By,8,+(3Bas—Bo)ts } Log.  (9.16)
EFrom these equaﬁons togsther with (9.9) and (9.10), it follows that
gy mALG (B=eF"), (9.17)
where A and B are two constants, -
10, DISTRIBUTIONS OF MEAN VELOCITY AND TEMPERATURE
(a) Velocily distribution
It follows {rom (8.3) and (9.10) that
FF'"_2eF"F"" &= 0, (14.1)
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This equation is of the same form as that derived by Tollmien on the
bosis ot fhé -fhbmehtury trab¥psrt RIkbIy#H IThd4hidTeticalircsult

agrees well with experlment et -

2L0HL L &

(b) Temperature d*strzbutzon o
From (8.6), (9.17).and (10:1): we-have ;
G = C(eF'?’ g}l?{j{a}jT £ (10.2)

where C isa constant ot mtcgratlon. No experimental data for this

.case, are: avgxlable. I ; :
viol Lawigh:tor expres% my: 8incére uthauk& to: my teacher: Profesaor P
Y. Chou for suggesting this prﬁbl’em and also Lfdr' hts-guidance -during
the course of investigation.
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