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Flow Visualization Study on the Turbulent Mixing of Two Fluid Streams(I[)
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Abstract

£ A E), Velocity Ratio($xv]), Ring Vortices(8 2}5),

Various vortical structures are investigated by using three kinds of flow visualization methods

in branch pipe flows. There are two typical flow patterns when a jet from the branch pipe with

various angles is injected to the main pipe cross flow.

The velocity range of cross flow of the ma

in

pipe is 0.2 m/s~1.2 m/s and the corresponding Reynolds number, R, is of the range 1.5x10°

~9.02x10%. The velocity ratio(R),

jet velocity/cross flow velocity, is chosen from 1.3 to 4,

The subsequent behavior and development of the ring vortices which are created at the jet

boundary mainly depend on the velocity ratio. An empirical relation for the shedding frequency

of the ring vortices is derived. It is also found that there are two different vortex shedding

mechanism in the mixing of two fluid streams.
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d AE oF A& (jet inlet diameter) [mm]

D . # A= (pipe diameter) [mm]

R . &xu] (velocity ratio) [V;/Us]

Re, . 3 #o]&=5 (pipe Reynolds number)
[U.D/V]

Re; . A E do]&24 (jet Reynolds number)
[Vid/v]

V, AE HF 4% (mean jet velocity)
[m/sec]

U, 3 3+ 4% (mean pipe velocity)
[m/sec]

X ¥ frewd

y ek azae

*3l9l, Babgta o)AREY, Yaleldtar v A7

04—7-,,‘
**glel, Fabefeha ol ehsl A Abr| At

Z L AEZL BAlu] = wlek
2|
a -247b (jet injection angle)
St X
p 3 (pipe)
J AE (jet)
LM B

AES} AAEE AR FEe @, ZA
3h7) okl Zi%il" Aol Zeld #abol
OIE’HP AR AS FEE o /1 T

b B2 Aagdld del A4EH sle B

2z A]AE—IL‘ ZgHoz A7 9< }04 olz] 7}
A galel dlah HA £} 27 8l 04o] A8



1014

zswﬂ fotet, wheba Alael el
) Woll 4 #5714 5
l.‘%'é;}oﬂ e A

ek
roﬂi/%ﬂ*l ZOM 164Fo] 5
= 0.05-0.184F0] o] Fre

ju]Q} -Eefu] = glL]-:n—_ 2]

d/D 0.17 OL ]

ol 4l 7h AviAel WEUe gl
aelvh FEAASAT(10OE F

o e 27w el a4l A PSR, A=

St Huke Abolol AAEE £AH T2l ohiE

]

ol Agat deel Al Aot vigekdch A<t

o Ho} glubi Al=o] g TWAjo] ol mlA] o

el 7hAl Azl A ARE B aie] A4 9
1 o1

$55 4ol AAY FEgel dlsle] ol

al, Fs] W AR e Arkde] Babsl
ATk A=Y A4 A fden, Axloji= W
Ffrg kol thak ZlxFe) AddAgge] FFslo
FRNAE Fadted @e olegol 9
AEZL #ebgiol A W 5 f5 Aleloll= Al
B ZoflA] kR How y)EolxE HAg a
Frsol wbAlshAl B, B3] Aerh abEe] A w)
ol F & ZAZel &Y w3lel o] FoiA = HAE
o] 7] wfjfoll B shiel AT LS S -3 g o
A e F8% Al doluiAl xlel, oluldt &
Hodode sli75ab Alee) whel Fododst =
ghed ol <tA o) ki AAsied F29 Fas
A A ek, rug oy AE f5E oldls)
vl A e A Fxret o] AL o e
++ vlebsh= 7i°l %¢-Z¥°lﬂh
ekl At 3448 Adasgg = Haa
voqﬂ m 11 giﬂ{wwvl%wﬂ Z74

°l 4714 ?ﬂﬁﬂ«! %L‘ﬂ
i)
i)

k& ob% (shear layer vortices)

uh3- 9} & (horseshoe vortices)

iii) CRP (counter rotating vortex pair)
iv) 3% 9o}% (wake vortices) = T® 4 £
At

Sl ) A

AukE o= dAekF AuFEolA AEg vpgd
AN s Aoz shelA Ao §5
g7 2] (streamwise distance) &} 4l Ha s]o] F
Fefzle " Y ad(ring-like) =iz F2
-like) <oz ijepylel, L;L—;;g]r‘rl_a )
oAl ArAvke] g Abo] ubymeko
Fedodol A A= LH%‘/é A
stol il shrel Al g
7 ookedal g /%b] CRP

o] ojl

1

& 4 (loop

Il
™
&3

=h|

- ok o

o{ﬂ }ﬂt
o

r 2
o
‘10 o

oL

i

b4

_=

ols

o«
T _{E
g of 32 2

3

-
)

i, “
o
i
o
L
o
e T

4
4]
o 1MW
X ol
o

e
o Ho

N

N
L
2

I
N
X,

r oi o
O
4
BN
rO
L
oy T
o
— B -
Ju fx

o
e
o
T
.41“
iz
O
-
o,
Ol
o

AR U 3

ool e o A
Abg-ste] AEo} ki 5

PAUE Agd 224 22 Gaho wit
aeja AL SFelA A4se CRP 72 g8 o
WS el G, 59l A el 445
shi- ele} A%l st iR FEHAS 7
e Agetel 3A9 Amawelde +F wulE

% uhebgleh,

}u

=7 A A 5] o]
mmx 1000 mmel e}, o Fols F7)e) BEd
< A7 fld dES kb fEe
2l stel 2Bmbo] A Eo] 9ch Ty o]
o= wWla}g (bell-mouse) ¥ 2
A Elo] Fabat ol s o
oz, Agie vy okad @ me
A zFsto] {5 7FA S foshA] 9
F71 QbFRel olablek 2
el e

) Eﬂ_ n]—

G-

E o
4

= el

& & 4~

fil}



A wgle] s Edtel el oAl 8k () 1015

% em % 4 ek B ATeldE A AgHE £
A

71 sk gholef Akt gl gk AE0] 0.10~0.257)
7) Al A4l FF719F T3k gbelzx Apolell sUF sle AE RF5 ARSI

b s AAsgleh F571e R A2 Heb sell EAbEE AEE Aoded T4
FTelAl T 7% (D) o] 2000 shirel flAldet, @ W AEeh rhieeke] Sxw] Reje}, A
A7 Fo s e ek Almsh #4lE o HFE(V)E Fxel(R)7F 1.3~4 499 0.3
= T Abelel Aol 70DE SxbRfEel & m/s~4.8 m/s(Re;=3. 15><102~5.05><10‘*) Aol 2]
il mbEl fgel sIEE ehala, skdl =kl dslelA AdE sshal

AEAse A7) Sstel AE 9] Aold A4 kit AR frgel *M&P; el v ¥
100002 stof Abgsigleh Fapshe Alx dwdeld o W ZlwE AR ke 374A f-E7hA] st
o] e 27IAH Fakdl T8 wipol lﬂ e 7 ARkl A R kA E Wl R
Aol 2 e AAste] A d SrEe] wAsk 2 whdzlel o A AL e YA wE
=5 skgieh e Rue Ao, A% u] 7hAISE et sw A spojoje] 23 f-5-7hA] 3t
Holl el Exgrbe gloleh, 24 AR Ay Wil

TeolA Ade sdeiala, Sl Adet Al AlE dvielrel AAA gele Wk stetsts]

-

2
ol Hedt 0 F4e4w Fig Lol veldgl 93kl <1z hAl7] (Smoke generator) el 2]t
o}, AR A FE7hAl g whdg AMgstd el o] §-%
Autr g §59 S5 Uyt 0.2m/s~1.2 78 e suz 7S Eale] gar A
m/s(Re,=1.5x10°~9.02x10% 2] #HHoll 4] 53 A% T3 &, 223 g3o oAd A=
A 459 wd4e At S aEWE =FE Bl el WAbsle] §E%e darm
5 Al AAsgel, S R Ades 1% o el W AEE shofsiAl sleh
Hroleh, Aer Ar xF2HEH FAbElo]Aln, AEf5e] oht% g W T2 HsbE 45
freke farzduuo] os zAshedrt 7] flsto] QlA% 74l sk whi s AREsadel o
Prkfrolld Ao 542 ubi K53 AMEel  ARFErAIS e ki Aol sxa by
TEu Bua v gl EsA =, o] wige  JE ol &Sl =, daledde 9E shsled 2
Agizel 4xv] RE AHolsh= slo] Adubdolwh A% A7 10 pm olshe] mAE A} ALE ks
Aegl drkiel wxrl Fodd o, Sxe R o] 7] Ftel Fardeh e AR Huk
b5 7 Aol Foizl), frgs ufeba] AlEy <>ﬂ FH A =a, 4§ Yo
A Alee} grliel dsagor elile] YAEE
R={- 1) B AT AESES G ALFE o
T2 e W HokE JEbA del & oAes) §
d714 Vi AlRY wzoz ozl Higs Asd gokiel Adaads sled el kAl
olm Upt Hwbiel A FHsolvh Axth Ax =z, ofug fUor alshe] AFFol F23
e Balx qlal o]glol rlabad clzfelll. & YAl ol Ao Hwlate] 28] AbebsbAl ®lo] <
A A e, olwd f-59 sbd Al AR FelRl $e- AlEe; ftelo] Almt g
7|

u
A
Sod el Fuh wAwel A% (@/D)  a o T2 delsh el sl ¥eial T
wso] chelsl He o e gl da ¥

EoF 7l afpglo] W g o},

crrer . T HtA sl Y k& JulE ghekalr] 918

1000 | & Crormer ¢ ~T7 A ~m efo]o] (smoke-wire) f-%¥7}413F 7w
Corera S Agslddeh, AR 2 ffelo] YR FEe

Srowe Benarater - A (streakline) ©. & vtelubAlglw], =7 (0.1 mm

i Conaressor Iroge Processia Analyzer YagAg AEsla, o 7|°ﬂ sleby 2.9dg &

Fig. 1 Schematic of experimental set-up. g ] detzAE AAHGS shefed wAlE =



1016 47 A
z
j “ow & X /
raY
a
Y jet
N
(b)
Fig. 2 Schematic of laser light sheets and coordinate
system.

Fig. 3 Combination of main and branch pipe.
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Fig. 5 Vortical flow pattern in x-z plane. (Re,=4.1
x10°% d/D=0.15).
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Fig. 6 Typical jet flow patterns at different jet
injection angles in x-z plane.
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Cross Flow =

(8) R=4.0

Fig. 8 Vortical flow patterns with increasing veloc-
ity ratios in x-z plane (Re,=4.1x10% d/D=
0.15, @=45°).
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Fig. 10 Flow formation patterns of counter rotating
vortex pair in y-z plane (Re,=4.1x103, o=
90° d/D=0.14).

web Bgel sh} A7 ol CRPHuE o

Fig. 11 AE7} g2or fAshes 45 Z=
3d Al 7HASE ARl vbeelA odofal A%
Al shapolek, o] Fafel Ao el
Aol elajrt Q= AE AHola, 3oz e
E Aol ana ’lxelr ArkE H5& vehdek,
st (@)~ 5 2l e 29 Aol et
b vEbda Qlow, AE shR o oqellx A

]

_H’_
HAdoR Basl i ¥ 4 Y o o

Eoaliugon olddor A4, Wk g,
olA#l AHE x&F Zoll] gapdorw oAy
Ael7k wolzlul sF gl 2 A A o)
f-Z ol WAl o] Al
Fig. 124 W 23 (Z=0.5d)el4 FEv% 0
DA slwm, IR £nE Zrlaieia oloja 4 Fig. 11 _Contmuous flow patterns ‘f()r \g()rtex focrmation
) } . . . in x-y plane (Re ,=4.1x10% @¢=90°, Z=
HArtd Aelel, (a)~(e)= AEE v 25 3.0d)



1020 A A

Cross Flow

(a) Rep,=2.2x10°

(d) Rep:7.5>< 103

(e} Rep,=9.02x10°

Fig. 12 Flow patterns for the near field of jet with
increasing main velocity in x-y plane (Z=
0.5d, R=4).
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