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EXPERIMENTAL INVESTIGATION ON TURBULENT STRUCTURE
OF DUAL-JET WITH ITS STRONG INTERACTION

By Hirgji NAKAGAWA, Iehisa NEzu and Mikio KANDA

Synopsis

For establishment of a reasonable hydraulic design of multi-diffuser by which various waste
waters such as sewage or warmed water can be efficiently diffused in river or sea, an experimen-
tal investigation on the turbulent structure of two-dimensional dual-jet whose two nozzles were
set in parallel has been performed. By systematically varying the ratio of flow quantity of each
jet and the space between both nozzles, the mean velocity distribution and the turbulence charac-
teristics of the dual jet have been investigated through hot-film measurements and visual obser-
vations.

Since the flow axes of dual jet were attracted and then merged each other, the flow field
could be divided into three subregions: (1) fwo-single-jet region (before mergence), (2) one-single-jet
region (after mergence) and (3) transition region between (1) and (2). The turbulent structure of
each subregion could be described fairly well by a simple model in which two Gaussian profiles
were combined under the conservation law of momentum flux. A noticeable fact has been also
obtained from the characteristics of intermittency factor, macro-scale of turbulence and spectral
distribution that a coherent motion, so-called ‘puff phenomenon’, appeared near the edge of potential
core of both single- and dual-jets.

1. B b

B - JREORE, HAEEONL - FRLITE - TKED < 3RBORMISE(L, EFEZ0EN &
LB LG 5T ESREYD, BRERALERICANCABIIIKE - KIHRABEFIN TS, K
H1 - BR/13emih b OBRBKRERASEOLEORIIKIIES C OFSTIRIEL, MEKRTOREAH
KL X BRRBADREEOWNIBAB LI - TS, ChE TORKEOHTRFHIIKELSORBE
BHEDAETHEH, RBEIKIRBLLYTL, 2ORMRRILHEN»IBETHY, CODREK
& AHHERREAYDESNRFCEIEBBGERRBMLEERINT VS, ZORBRROWHBOA—DD
BA, fEhOOREERRT Y 2 — ABBREEA UTE OKERT NI S50, AREEHRES
BICED B IR OESHE Ui bW multi - diffuser HERTHY, THICHT 2 ABNMRSKNE
L1 3, TIbB, BREOHBSKRORICERTHaREL, BEUCERBELOTBBERINS 5
BAPHIBHEOBEA TN VEAR, EMEREELTXL, IkoBERBERBEOEEERIND
B, WMEBMEOTEFAESNEARAMEHIUKEEGEZRTLOLEL LN, CNICHT 2ER -
EREFEBFIICRETH S, LU, EXLOMBRY, COXIBEAEBCO>OTOMERRELA
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EBNKSITHOP, ARRRCOSARRICETIERNNREBIH B L LT, 2RI/ A VR
W2 AHREINIRN 2 KAEEHREBRICL, KBS X UEENRELRERENCELS ECEHHEEDT
BBRENBLOETHEIET 5 ERNHEETES LTE0TH 5.

3T, EROTKEN (dual jet) iICBd 3ERZTT 51D, BT TICHERNE XCERWICRIZ
IR S N BIOEHT (single jet) iICB 9 B REROMARREMET 2 LRBEBTH S5, HEHEKIZHR
#4 (free turbulence) DREFITHY, 7 AL O RA 5 8l L0 & QBRI - FRIFRHE
JNTHFVe BRHIBFFICIZ, Prandtl QRS | BEHNE C—E TH5 & HELTELSNL Tol-
Imien F (1926), MEPREYE vr HEHIME CT—& & L7z Gorter iy (1942) B XUEMEB LT
FEWHED T F 0¥ - iCESWTERI N Reichardt B3 (1951) 2L 0 HHIBTESH Y , Zijnen(1958)
RN S0ZUMEZETEROTERACHKRST L, MAGE T Gortler #iR, Hishb oM [HIET
13 Tollmien MM ZNZNRIFICHEA S, —F Reichardt Biah BB 5N 5 Gauss 275 BT
BIUEIHZ D 3ZLEETERI NS C L &R LD, —7, Albertson 5 (1950) i3, KT LoZ
D ORR Y ERHE RO TERERZT, FREE Gaus HHHTEULTCSEALTHTHI T &
IR UKD, 1960 AT 1CI3 EIERE @ hot-wire FOHEDSHUR - 8EX, Bradbury (1965) % Hes-
kestad (1965) (32 UCTHEMOILNSIEEFEMCEHAL, RBTE LI CEMBEROASHEMTDH S
self-preservation ZENMEOED SBE L, THELZ A NF-ICERTE~N, BREREEED b R B
ROEWBERLBOHOLEMR 5Tz L L, 1960E/RELITIBEREAE L EOBEEEN (wall turbu-
lence) iz bursting MR TREINB DO FHIMZ & 572 coherent BIHEFOHFLESRRESN, 1
KRORMMEEOL 0 5 TREAMEEIIH SNEGRHNC EBHL A ER st TN HOREIMBICES C
SiTL®, BRIEEDHHENDPIC S coherent IRITBHMSERT S C EDBIEHEINS X I WKLo T78
bB, Crow 5 (1971)7 [FEHEFED THLERASS Reynolds 3 R, 23310075 7 X104 T potential
core SEAFILICIRRINL » 7o K IRIIBES bW 3 puff EESRET B EERVEL, ZREIC X 27T
BFtd 5 Z D& Strouhal 38 120.3 THE A REE D 02385 TH B EHME LTS, 2D, Bro-
wand 5 (1975)® & MEEHEOMAINIE puff EBHE TR L, COBROARBIY T EEB SN
RERELTOVED, BNt S K430.5 20k Crow SDLDICHRTHEDREL, TOXIR
puff FEEH ORI R ASBELBEIN TS, 2 KTHEWICH @ puff SEEHBFEET L08R
LHEEHEEFE LR OWON, RBT 5 LI CAKRICRZOELETHTRRT 2 HENE SN, puff &
HoiiEH Zone of established flow MBI N, U d COFRICSH puff EENT S RMAIMTRIEL
BREERES 25320 b, AFEERICEERSEHERI CEMERL (1978)” Kk - THEShiC &
BEIDHE, TOXDTS coherent TLIEEHOMIANS B ND .

PLERFEE UTESHEROEBREERRATH D, AREAOLEREIBD . chid, ERiRict
KR COEMBFENESPILDEHETH T EIKER LTV 5. R, BBEUTHNT, TE ORI
A—&722R33THEH, ALRBECERAUCERIZARKEE b2 EMBE L, £, HiF (1972)0 i3
BRI T HBUKE O HE E b — B XD BRI LTS, Mih & (1972) @EhksEs MHD
BETRUD TR Uicts, SHEOERBREELE21CIPIRYD bot-film FREFEZAVEINIILST, &
S (1978)” BhZRAVENBREZRE LT 38, ERMICENTHEREERZ I TIRE->TO
[A{AN

ZDXICERAROEREODT, WHHEEOTHERE KD EHEPIETEE hot-film WH#ETEE S
EROVAHI KR TERET >0, Bl Lk 52 OMEORKRNAKRTO multi-diffuser DBE
RCHY, KEICLEH  HERESFCINTVEIDOTH 50 TBEERELOTHETAMBRIL,

*) AFICHAERIC, 1 1 OWHBAELERR CTHMCGR LcBPO—BOWRRIXEAF LD L
U, ARRETIRNEHBRE S THED,
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COKBEHEEETZORAKROFHEUAEE LVWEEL PO TH . SABROKOEARNIL 2R
TR EHOELNEE S 2B EAERHTHSHE, FRETROFEEEEE UTHRE L, Ehss
MEUTIRBICZ DREERRBICEED S,

2. BRNBEE

Fig. 1 {3, BBEICEINC 2 RERHEREERTERNTH S, A, B WEKE S/ AVIER B, /X
BLERER L THY, OPREEERERABRUBTENEN Uk, Us £75 (LT TRIFE ¢ b
RENZHAEN, BEEERDT) / AW TFHRE « #, ChICBESHREEEE » #ICGED,
EHEFE (U, V), BNERE (1, o), $RINBEE (), ) TROII LTS,

SR 7 I U ABELRTH 20 DRANTRINSBROBRABELU S NITESHF 2 R
ko THEENE UV

—— Center-axis

@ One-single=jet region

Fig. 1 Illustration of the turbulent field of dual jet and its
subdivision.
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Table 1 Comparison of characteristic-scale system between the single and the dual jets.

Single jet Dual jet
Geometric scale Nozzle size B lS\Igazf}eebséf;fen nozzles L
PTER Uy
Initial velocity Uy Uo:
Characteristic length-scale h>ox|B g:
L. . Um —-1/2 UM'X
Characteristic velocity-scale =Moo (x]B) ™Y/ U
Ug mb
Characteristic scale-svstem Single Multi
Self-preservation Valid Generally invalid
Parameter reducing to single-scale — Uma/Ums, LB
our . ouv_ _ , _10P 8(—#) 06(z)y
76;4_ ay s ;3x+ dx +5y(—p—) (1)
10P , 3(—92)
Q=—21 90,90 ) e 92
o0y ay (2)
T, t/p=—uv+y0U/0y RARAWIEATHY, PRENTH-T, RE) »5
P=Po—p0% e (3)

Poo REFADOHKETHY, Po=pglh—x) L EbEIND (LT, hiZ/ X0 x=0 55 HE#HK
HE TOMRBEER) K 3 2 (1) RRAT B LROEUXLELNS,
2

%_Fa(gvV):%(%)_%(ﬁz_w);_; %(%) ........................ (4)
H @) BERBORARTHY, TAWGH ¢ 2B WIKEL, REDERAEHDO S LTINERFIE LN
H, TOENIREBLC LR—RICRETH D, COXIBEFEEERL»IT B, K @) DEAKE
EHICKEMH Ry —VREETERT B EBNETH > T, Table 1 ITHMMH 3 K OBk DR
R —nBERBUTR U, BMEROBEEEL KCRER T - VvZENZEN U 6 THY, 0HW 3
B2 — W RAEBR LTV S0 ARMAIINIZY, CO L IEH—2r — VROETHEIRZ O
b — VTIRRTTERRY B L %58 (universality) &2 WALl Gimilarity) #iE%/R g L08R S h, FEEE,
BRI #/B=230 THEAMMUEME (self-preservation) 2R3 MM LPICINTNEY, Zo L &,
U/Up=fun. (3/6) EEbEN, BHEREES &R @) 13 »/6 KBET3EHESFENCHESIN, © ORE
DOHHFIC L »>THelk® Tollmien, Gortler, Reichardt SDEEBMAZICHI PN S0 FZ1E, Reichardt
HEIRIC KB Gauss AT Zijnen OEERERAELE - T?,

U/Un=exp(=T71(3/%)?)

=exp(—0.693(y/6)?)

ZCTT, b3 U/U,=0.5 LI3BEMEIRTESSN,

b=cex e (1)
EBLE, =01 135,

—F, BRI O B EE BLUEEI R =V Une Une 8L bsy b TH-T, TOEN2ER
r—VREBELTVS. ZOXHIEERr —VROEFEERZ—ANC self-preservation Z/R&F, K
WOEARBEUSFTERDOEETH » TEORENZH— 27 —VRICHENTREDICERTHS. PE
R — WEREBWT 2 —RATHRRRVN?, BKRE TR COREFICH - HEELEPERFKEAZES
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g Enh Yy, BREE/MIRICRS UTE SRRy —VIOKE/ T £ — 21L& > TH—R T —VRIC
FESNARAMIEINTVEY, COFHERIT, FOIHET OFR T # — 2 B Ui GRERICHFL
W) O=Uy,/Up BIUBEMEL Q=L/B ££Z5h, 9—>0or o FfzQ—1or o DL & BMEN IC IR
HEANDB, TNOHD/YT A — ZD BN OEE & DI & & W SR I 508, Fig. 1 KWRTXS
ICA, BiEH OTHHENTI, BMBER 52 AMILICHFET 5 L REUEAHR (1) two-single-jet
region) BEUA, BREHESEKL, Uw/Un ® L/B QBB L 18- T 1 @ BEH & RIS Uig
B4 ((2) one-single-jet region) TILEMMICE —24s —VFREILD, self-preservation 2EFEI N5,
ZLT, () & (2) OEBMICHEAEED THHE SR, EMY I E— 2y — VRICHEBTEMVE
METSERSAAIR ((3) transition region) AE(ET B EEZL NS, COXIE/MABKD 1T, RICRINS
B DOET Y ¥/ THRILDH, TNOONTBEEZETH T TICRE > TR,

XT, v 7 o EEERETHICRKER QKx), EHE M(x) BXUZAVvF-B EWX) 85D, £h®
NRATEHEINS.

Q(x)ES‘:eUdy ........................ (8)

M(;c)Eii.“U- Udy e (9)

E(,:);Sl(uz/z).u,iy ........................ 10)
Q(») KR 5

dQ/dx=V o+ Vay=0Upa+aUnms>>0 e 1)

&1, ABEFHME XU BIEHND D OMETHEE Ve BXU Voo H5, FIBITHREY a0 8LV a0 BEh
ZREAINSG. MR, BIMEH TR aa=a;=0.053/2 L7350, WHHERKOETHER b N EFEEET
Banzh, 1) O twosingle-jet region TiXA, BHENE bl BUHLHIETOETHMH SN,
L TOEITRIIEIMER 2 K3 K 0PBOTH A Yo Licdi>T, BEREARHOHERILTE P<Pe T
BHbAELED, BARERLVKE &S EEL 50, TR B) HOHEBHHETIAANBERIL
DERNT EAERIZI NG

wic, FBHE M) 3K @ »5

M Ly
1= _;xs T @-wdy=0 e 12)

Lz, EHE M) RETFTARCRESNS T b b.
H#ic, TAVF-B Ekx) 3R @ omlic U ZRUTHESTEE
o[ gl (Yo oo
:_S:(_ﬁ)g_deo ........................ as3)

(—w)0U/8y REANTANF—ORERTHD, FHHK 2 v ¥~ E@) ORTHE~OBDRENT
WF - DRECEINE T EER LTS

3. EREERHICKERHE

3.1 EREE

Fig.2 CRT L 510, EREFZES 126cm, 1 17cm, H& 82cm OILEUKMERIC, WK B=0.4
cm, BX 15em OEFEHELIESOHS em 0/ Ank 2 AEFICHE LI bDTHSo LMK
B, THEERETE B & 3BT 7 ) VEETHY , KO MEQTERIZ T » FH0Y b, W
R LT B DKESET 5 & 5 ICIA BRI & 15> TV Ao/ XVTBRAEHOBBICA 2155
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(a) Enlargement of nozzle configuration

T_ 50mm
g X Chamber ;——}Domm — 50mn J——
El
¥
4imm
=t N
ozzle
R 70mm \I B it Head tank
(b) Experimental set-up Orifice Valve —
T
1260 wint ifi
it — Orifice Valve ' '
Valve & i vatve
i N Overflow e
Dye Dye Injector
Injector I
2
4
N
p gl [P |

® ®

Fig. 2 Experimental set-up of the dual jet and its nozzle configuration.

BEBEZDEEZDND D, HEICKII SN, TEROBMBERO / X VIBIRO AR, h o 8K #
(settling chamber) OHRMP ST 7 0 — FER VICEEBE I E S L5 I8 > T B4, M TIREE
TSRS RS HE BB X ST chamber K7 70 — FEART ZRENH B, KEBRTHE
Shic/ AnFiRiE Fig.2(a) WRTEBDTHY, chamber fidp s 100mm FTRIANOREETES
Koz zidicl @ 21K oh, RO S0mm FTRARE 4mm OFFRERTHD, TORIHE 45°
DIy FHMWENTVB. TNHIFELw HBT, / AUVHEIEMCERNIT SN, RESHELLE U
VEIRHEIN TS, 220/ ANV ILEUKEER b NI v — Vit »> TKECBE T, ./
AR L 2EBICRETEEMTE S,

KA Y TEENC & - TEKIED SEKEICEKE N, Fig. 2 WRT/4 7 REETE chamber (€3
i, S ZAVDOBEIND. AEINI A TOBRPRBFEOHENELNE LI, N THELD
BIUOREROELETA Y 74 R - 2= 203% | DHBE I NI

3. 2 FHRER

WRABHICET 2 MAMEEAE R TH BB, KBEENERET IRICTHIERET S LESD B,
%9, /AR L 2500 1L31em KEEBL, Hlk Uw/Us % e BLIETINOORRETHR
{LBE Lo Fig 2 IKRT LI, ABLUBEKOK 1 PRPKRHEARERT, #hEho+—% -7
w—ig (&) BEXOR—£ 3 VB GF) THEIEAILT, BEOLIEL MBS ETRILBEL,
1o AB KU BBERAE B 2 i BIAHIEHE & Uz B4 R sDsAEIC IS 3 Z L 2 D foo IRIT, 5mm o/
T aXGEERERNT, / ZAVICETEER (2 F) OFESHESRIZ—ET, 2RITERIERSH
TNBZ EEWRLUIDD, Fig. 1 KR UIcAS, BiBLUhisicit > THESFM (v FE) ~O®EE
DIERFHEEZRE Ulzo Fige3 13, Up=40cm/sec &L, #idith O=UpW/Up % 0, 1.0, L5, 2.1, 2.7
O 5 FHAL S B AORMER EOMERBRIEESE /B TRIGLRR UL bDTH S, 0= 0 DRUNE
TR 2/B<S5 THERBRELALEDONT, VWHWD Zone of flow establishment HEI N,
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(a) A-axis L/B=3.3

Uma/Uob

Umb/Uob
05]

LJII1 ! R AR |

1 bl L1 ll
10 x1B 100

Fig. 3 Variation of velocity along the A-, B- and Center-axes (preliminary experiments).
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#/B=5 TRRZE /B ©—1/2FANCH » TEINT 5 2 030, B R MRS hT0a, 12
bbb, X6 2ZAVEE,N 1 »5

U,/Uy=0. 815 ¢~1/2. (x/B)‘Vz ........................ (14)
¢=0.1 &9 5&, potential core i x1/B 126.6 2725, dHAHA, K (14 i3 potential core fiih S Zone
of established flow {CE ABHIIREZE L TR, EAlO x/B RERBELDET/NELE>TH
bo Efz, #/B2100 T Uw/Us 13—1/2 ’AIL D ABET S8, chid, NEOFERICINIZO x/h20.7
T3bhb 1/B2105 THEKEOEENHEHNSD stagnation FHEIEKENEIDEELONS,

—7, O+ 0 OFHEHK TR, K/ A OB E (A, Bil) OERFESEMERX D PR ERTD
B0 MR, BHELOEEEHIAMEcEE»IEE 1/0 D4, T8bbZhzh ¢=0.65, 0.48, 0.38
DHEICHENT 5o Fig. 3 25, HTHAOEEERGEMER 0= 2 TiIZIREMBEROZCELL, Bk
DOEROHEBINE VD, 1 SO<2 TR #/B WHNIBTPBRHT-1/2RAXDABRL, H5EBXH
ERTTATHTR-V/2RUCHES L5 TH B —F, 0O I TRPRBOIBRET-1/2F WL E
BT 505, X5 THRTREEOEMEERIC & » CRINES N, HIREAMCELOBL-1/2RAICE
B> TERM L, COBMR O WNSWREHTHTH S, T/, dRENCH > MBEERIT, THRILEIR (Fig.
4~7 BR) Y oBONLBHRMOAKRME »/B=13 FTREWMO B K&k > TS, BHEcHEng
355, WEAAEKRIZIZIZEBBRATER LTV 50

PIED X 5 VR OBRSE L, Fig 1 1OR UABKEOMEX ) SEEMCEN NG, 3715b
%, (1) @ two-single-jet region Ti3Fish (flow-axis) A5 » #CH U THAL, Uh bHEALSBRKE VD
5, A, Bl EOMEIPIHBR TEME R X D AERL, (3) O transition region TREMAILASRL T
BUT, MAREESROS e, BERIEAE —RILL, Z0% (2) O one-single-jet region |
BT UCHMBEHMNCERT R EZA 005, Lichi-T, RABKOELFMEERYT 2 cdimsbikE
FPHBCEBRTRENVLZSEH, K (3) TREINZAE (P—Po) OMIMAATHLHIE, CNEESR
sk 52 ERARTETH - T, HRIABRITLE » SRR LR 5780,

PIEOTHERD» D, (1) SHIXEIREKEORESEDLNIE +/BSI00 92 2)0=18LU2
THEBEEOEIEEEBENS  (3) FHRIKMENT Fig. 1 O 3 fHRBE 4 g CBbha L5
IR L/B AREINCE LR ¥ B LRER UTKBEGRIE Uco

3. 3 KEFG4HIUHRAE

SR 2 HEEAICHRI T B i, B0 T IREBRO M RICH - T, Table2 [ORY 780 OKESEH
BHEU. 39, 7 — 2 HA-L RBURMIRCH - T, BUSHEH & BT 4 2 o icikE S hice IKic,
J RSBl L/B % 3.3, 6.7THBLU 121D 3@ ICE(LXYE, Fig. 1 ORFEMNIHIXHE (0 <x/B<

Table 2 Hydraulic parameters for experiments.

CASE (cm;’s‘ec) (cm/usbec) P=Uo/Uss E‘QEL/B Ry =BUy|v | Rey=BUu|v (Zz‘j") x/B
HA-1 37.0 — - ] = 1207 — 1500 | —
HA-2 36.3 36.3 1.00 3.28 1291 1291 15.55 13.0
HA-3 70.8 358 1.98 3.28 2515 1272 15.50 13.7
HA-4 44.3 42.6 1.04 12.1 1596 1535 16.07 82.0
HA-5 80.8 43.4 1.86 12.1 2888 1551 15.75 83.0
HA-7 79.4 38.1 2.08 6.68 2740 1315 14.40 36.8
HA-9 37.8 37.8 1.00 6.68 1290 1290 14.06 33.0

x;=Intersection of A- and B-flow axes obtained visually.
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100) NTEAMPINCAEL BB LSRR EE NI £LT, & L/BICH L THELE 1 BIXU0202HE
HERTE Lo

ARy, BEhd IO RENCH - TORBERFECIA, =2, 8, 16 BXY 32cm bbb #/B=5,
20, 40 B LU B0 TOMMIEPN (» #HE) OWMESTSEIRT SNl CoLd, FHTMTORERIR
b RE TN boEnFN02, 0.8, L6BLY 3.2cm BEIMIONXL, FHEBRTHO LA 5nm
BOTRRIPEREES ORCEYTH L. 2D, 15D hot-film FHiEst (DISA 35A80 DR
hot—film) Z#HIcICALY, € VHEE / ZNMCETIC (2 8i0FH) #E Ui 5 & V9 0iEiZ 0. 35 mm -
EREE I A RIS HRE & 2 5 fo hot-film FMFOMER, chd/ AR x=0) B, +Y 74
R« 4 — 2B BN YHEEIER & » TiThbiic. €O, COMHIEEEEE oElRRIIE
H 1977 LB O LR TS - foo AR HIONASII225, SHEEHNORSMIIRA28AT
&0, | EHRy —ATER00EE0FEFREE L. hot-film {37KIA Tw DREBER ZTHEh5, £
FOKE EREZBHAEMES C ECL->TCHEBIRIAS &L & biT, EBRARTLEROMEETY, FHI
th kiR THE B EEEREMIE Lice hot-film Jiidath 5 OMNBESFHAAEREHER L v 2 -0
A - DEHBTHEEAShOE, Be O ERETOI B35, A - DEROEOY 7Y v BE
#iz 100Hz, 7 #8303 1 A% D 5,000F 2 heh&dhi.

4. FHFREOSEEE

2. CHIELICE S, 2REFIERORKBESEAYT 3 ICREOMBRAEHAK L, B4k =
r—VRICHRINTEET B L EMUELETH 5. AN TIEZ OBED SFEFRADHHIEE T
HU, RiczhhbEoNcHMRIEESHOTICHEIKET 2 BT v 21T %0

CMysec
O HA-1 A
Single Jet
L U,a=37.0
x (cm)
o}
- 2,
A3
20—
10
0

B WG SV N T, S ° o I SRS Lo
14 12 10 8 [3 4 2 0 2 4 6 8 10 12 em

Fig. 4 Velocity distribution of single jet and its visual photograph.
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cm/sec (a)
8= HA-2
U,,=36.3 cm/s
- Uen=36.3 cny/s
L =1.31 cm
30k ; fen?
$ ¢
A 15
I A 32
20—
10—
0 G rA 2
cmjsec (b)
80~ HA-3
Uoa=70.8 cn/s
00— Unh=35.8 cm/s
L =1.31 cm
x (cm)
8o e i
5016
A 32
50—
40—
0
201
10—
1
0 4 2 2 6 cm

Fig. 5 Velocity distribution of dual jet (L/B=3.3).
(a) UnafUsp=1.0, (b) Ve Ups=2.0

4, 1 FEEREOCHHHEOHE
Fig. 4~7 22 h2hy — X HA-1~HA-% O FEFEAT R LIcbOTHD, &7 —2 &b +D0OW
EALE (x=2, 8, 16, 32cm) CHONAEETH B, BEZASITBO / XvfLdp behEhll b
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@)

HA —4
cm/s:g Uoa=44.3 cnfs
Uab=42.6 cmfs
L =4.8% cm
i x (em)
2 2
. ]
30 A g
A 32
20
10
[ 1

CMjsec
80 HA‘ 5
U.2=80.8 cm/s
Uobh=43.4 cm/s
70~ L =4.85 em
% (cm)

2
8
16
32

—=—o=—oo >

60

»>00

50

20

10

T "
12 iz cm

Fig. 6 Velocity distribution of doal jet (L/B=12.1).
(a) UbafUes=1.0, (b} Uoa/Upp=1.9

 WIEMEER L, BHED (x=0) TOWE U BMEFEAHE THIMICRERTV S, $LRobHiic
RURCEITE DN RAETHESHREN, EEPO A v ¥ 208 lom THY, Thd bIEKOE
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ClMysec (a)
O HA-
Ug,=37.8 en/s
- Uoh=37.8 om/s
L =2.67 cm
30~ x {cm)
0 2
* 2
A6
- A 32
20
10
0 | Al 14
12 10 8 €
Cifsec (b)
BO— HA-7
Uoz=7%.4 cm/s
70 Uop=38.1 cm/s
L =2.67 cn
01— p : (em)
® 3
A6
50— A 32
40—
30 f—
20 —
10~
c 1 s e A

Fig. 7 Velocity distribution of dual jet (L/B=6.7).
(a) UnfUss=1.0, (b) UnelUpp=2.1
BT R — A BSIEEE NS,
T3, Fig-d IR OIS & RN T 2 B TE LN BN CoOFERENITTH 5. T
OREEIL, EROE L OERBRAZITE 6) © Caus A7 & BIFIK—HKL, KPIEQEREE LI
EMEETHBC LAHEREN.



I - AR - W TSRO RSS2 RROITE SRR OIS — 427

Fig.5(a) 12, "&iEMMR L/B=3.3 LAERTCIFE/NIT —2 HA-2 OEBRERTH B, HEk O X1
THY, COFURERIPRECEALCREMEAHFLEET LD, 0= 1 OBEAOLKOERTIZ A
kDA ZFT Lico Fig.5(b) 12, L/B=3.3 T @= 2 L7322 IERTIERIBRER L TN B, Wiy — 23k
i, MEHELRREL PO TFHTEILITH S, TabbL, PHRESNIR »=2cm TR 22O -7%2%D
H, 8cm PLOWETRE -2 R 12LASELNT, BRHALIASA U TEBHERLE TIEREh, €—7
MB1DTR->THOLOFEAFEIIC O — 7 01F (FsirE) Zhil& T 5 Gauss SHHEEEERL, B
TMEREROSEREN S EEL5ND. MR, AARLLOBORMMER 0= 1 TlZhREc—BT 54,
0= 2 CRULENAEISABKAICK >TWV3,

RiT, Fig.6(a) BXU (b) i3, ZhFhyr—2 HA-4 BXU HA-5 THD, L/B=121 OERELRT
Hbo %/ A bR EMERAKEERTH, ZhoolBRENCE &AL, REIC1D0
WICERT BBEHBLL b do HA-S © x=16 cm WE TIIFARHEIKERE ~ 7 LAS I LD FER
€—7#EL 12500, Zhid BERSABKICHIN - SRINIEBRBHERTEOTHD, HA4 B
LU HA-5 L &iC x/B H405REE % T two-single-jet region MM INE EZZ S5,

B4, Fig.7(a) BXU ) @z2hzhsr — 2 HA9 BX0 HA-7 T3V, L/B=6.7T TH-T, C
hoDFEFREMER B U 2 207 v — 7 OhENSERER LTV, T18b5, #/B=20BE,D
EREEMSE DN, BMETHBANEBITLTOE L E8bh b,

4. 2 FEEHET (U 8#8) OFHTERHiHE

PR AR T2 IR ERET S C EBRARTH B0, COEMBREIERMIC IO
H#TH b0 SEHOBAY M Un OIEZKMEEREL, CCPOE/ X hlE TOEM 0, 0, K
DhTHEABREINS S (Fig. 1 28R), AERTOMEHTROS/NLERE 4y 12 49/2=0.025 TH
v, WEAE 0 DERCOBEREDEELE D,

RT, HEMAKEO (1) ERERIT AT — 2 HA4 BXU HA-5 BEMTH 5. HMALE 0,
0, ZEH 0 BORFEAE 1 & UT FLESTE X 2e=y— (L/2-8,), m=—)y—(L/2—8,) 1w LTRK (5)
D Gauss TRICIZIZHED © L 43 Fig. 8 h oAV NG o BAVEM B SRIRRE L 22 2 BB FUIRT O W
TRENOHEIHMBR 6) KHEI KD 0, 05 BRE Utce Mhd O~@ i3 #/B=5~80 DJFEIC Al
HBHNIIBEMEERL, FEEIEERE S RREAE X TRREN, TR (5) D Gaus HHBRET
BERENICo ya/%y 15/x>0.2 L1585 ERARIBTOHEERMIT Gauss HIEL D MO R EFVDS, ThiBIEEK
IKFEASETRD 72D REKDOBERRE ST, F MR V/U SR T 12185 1 B4 hot-film ¥
HEHOBEMNBTTELHLEELOND. CORYD, WRAGEE TOERERET 51213 Bradbury b
RHLTVE XY, REKEAZ - HHERICTILENHA 5. L L, ElEER 6) to—Fizs
P BRIFTHY, FHAKRT (1) HER) OVEFRIEIRIAES B2 & i BREE otk cEbd
EWTED, TbH, WHEHHEOTEHSH UL (1) R ZBNER 2 AN BILCELAT 3 LRAR
LT&e

Fig. 9 ICHEANLE 0 ZRT e FHANMEELSDIEL, E/ & OFEMSHIL YOS S IEFHIFHEEEEE
BT B EIITEIRNA, Zone of established flow TRIXROEHETIRTEUIN S,

d=mx+n (®/B=5) e (15)
FENA 2 04 — 2 HA-5 TIRIUMABBEBROHFBHMOMEME m ZK &L, Tid Fig. 6 OFHRILERT
SHEICEOND. CORMLEDYE U BEMEINIEH 5728, Fig. 8 TRUIX S iciiEmidizizR
(5) @ Gauss HHTEMEINE DS, Al EBLUBE LOEANOFHFEE» LR 05 26T Un 2RI
FETE S

Fig. 10 |3, Un,/Up % x/B TR L TENBEERLUIcbDTHY, KhDEES Albertson & DFERER
¢=0.127 (x//B=5.2) ZAIR M) THB. 3B, 0 FPIWVDLSHEEICH S K TIEMIIAEER » T



428 SRR RBTERTER 9225 B-2 (#154.4)

(a)
— Dimensionless Velocity Distribution  HA-4 Jet A
Uga™44-3(cm/s) , U =42.6(cn/s)
10 | L/B=12.1 o ooy
A A
T O xB=5 / . R
iU o Gaussian Profile
m ®  x/B=20 / ()
B a A L4
A x/B=40 / A
- ° 8'e
0.5(— A x/B=80 /o N
- hd Alg
o} <] fi
B \,
- L <] .A‘\ N
- o g ° .g'\A‘ A A
colo ® 20— | [ L | i ! i~ % o °
-03 -0.2 =041 [} 0.1 0.2 03
. -ya/x
(b)
~ Dimensionless Velocity Distribution HA-5 JetA
L U0a=80.8(cm/s) N U0b=43.4(cm/s)
10p— L/B=12.1 P @
UU o O x/B=5 YN
IUm N A
B B=20 (s a . K
- ® v A Gaussian Profile
A x/B=40 o A
- » o
osi— A wBeBO d\
- 4 DN
- 9, A.\%)
- A.\Ao‘
L O. \.A o‘.A A, A
N I | I | ! | P T
-0.2 -01 0 0.1 02 0.3
Yol *
(c)
— Dimensionless Velocity Distribution HA-5 Jet B
Upa=80.8(cmys) Ugp=43.4(cn/s)
Of L/B=12.1 el 2V
10 OA R q 5
- 8-
B O x/B=5 A \\3
UlUm ®  x/B20 Vs
- ! A .
r /e Gaussian Profile
05— 4 w80 @C
0 L | |

Fig. 8 Dimensionless velocity distribution in (1) two-single-jet region.
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Fig. 10 Variation of velocity along the flow-axis obtained in Fig. 9.
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Fig. 11 Dimensionless velocity distribution in (2) one-single-jet region.
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Fig. 12 Variation of mixing width b of dual jet. & is the lateral distance between
U,y and 0.5U,,.
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Fig. 13 Variation of velocity along the A- and Fig. 14 Variation of velocity along the A- and
Center-axes (Upa/Ugs=1.0). B-axes (Upa/Ups=2.0).
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Fig. 15 Streamwise variation of volume-flux @(x), momentum-
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Fig. 17 Comparison of the present model with the observed data (L[B=12.1).
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Fig. 18 Comparison of the present model with the observed data (L/B=3.3).
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Fig. 19 Comparison of the present model with the observed
data (L{B=6.7).
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Fig. 20 Variation of velocity predicted by the
present model. Compare it with Fig. 13.
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Fig. 21 Variation of velocity predicted by the
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Fig. 24 Relative turbulence intensity «’//U of the single jet.



442 TUKBS RIR SO AR 5225 B-2 (FE54.4)

/U % y/x KR UTHRET 50

1) o/U RRid o/Un RO RN EBHZIPT 0.

2) hot-film CEEIOHA, /U OBEZREMRRICZLALKERT, 20T HBESITE
%9,

%9, Fig. 2¢ |ZBUEBHEOERTH Y, Heskestad OEREE SHREINID, £/B220 TEREIZIZIZ
EH L, self-preservation ¥EART EEZ 1L, TOREFIE Bradbury E—FK$ 259, EEMICIZES
5DMEIR Heskestad ObDEDETAREL L ->TWDo /U 1T 9/x (or y/b) DHEIMTHE > CTHIFICHEM
U, R ETB/MEER &2 EMER NS 188, 9/x20.2 TO /U OFMERRZ OO ENKED -
T2o ZORBEBRMEETHD, Lhd V/U BREVD LY, BREUKIC—RITEESZYRD hot-film
EHEMS &S ERTERFEBRTH S Licdi-T, YUTTR »/220.2 OFFTIZITONO TSN,

A g a
Case HA-7 06 ]
_ x/B=80 i A
Uoa/Uop=2.1 P ‘AA! |4
L/B=6.68 l;“A
02 i
!
ol | | 1] | ! !
-02 -0t o 0 0.1 0.2 0.3
® ®
06 a @ a
x/B=40 €3 &
04 a 1 E e
s AA
02 l XT\
1!
0 1 | ] l i ! L L
08 -02 -01 0 ] 0 0.1 0.2 0.3
[— Xx/B=20 * B- Flow- ax1s© ‘® °
sk ®  n0a3 €
. o ™-015 | o
v o
041 ¢ ° “ l i ¢
. o %o .
o® )
02 i | .T *
! | i ! | ! ! L
0
-02 -01 0 0.1 -0 0 0.1 00.2 0.3
® ‘®
A- Flow—a;;s
=0.0:
06 x/B=5 o w=0.o °
Y Y o
04 o] ‘ o
o o
02 o | o°
OO fe}
ol—1t | | I L i L
-04 -03 -02 -01 0 [¢X] 0.2 0.3

Fig. 25 Variation of relative turbulence intensity of the 1:2 dual-jet.
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Fig. 26 Variation of turbulence intensity along each streamwise axis.
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Fig. 31 Spectral distributions near the nozzle or in the near-field.
The puff phenomenon is observed near the edge of
potential core.
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Fig. 32 Spectral distributions in the far-field or the self-preserv-
ing region.

DEHBBONZPS, KBODICC DREE KB TRBICR Uizo

x/B=0.5 O/ ZNDTLEHTIR «/B=T5 TORBRELE LT, SEEEOESNEL, BRHL
EZLDNBH, b B=0.6 [CEBENAONE. /B OEMICH->T, TOSBMPIIRET 5 LRABCHR
AP EFFT L, 2/B==5 D potential core Sl ECHRORIE - HIESN B, —H, #/B>5 TR DM
ERIER I S L, KEICHCHE LB CORBIE S k5 Thbo COC EERET
B1-¥IC, Fig.32 i€ x/B>8.75 TDRARYJ b VAMEH L, THRTERINI. DT, x/B NI 5
&, puff EEORA - 5% - FHEEERCE U ERER TOEREMIREIEEL, /B0 Tiikizd
BHEAIEERT LI TH B, MPOERI, TAKERICEUTE/ MR E T3 Karman O, $H/N
fiRicid Heisenberg DREZNENHER L, WA R7 b, TIbB

S:k?-S(k)dkE = 28)

PEFUHBD LD /15v? (ZTT, € BENZ 3V F - OBER) K—HT 5 K5 CHEEAEUE
AHRTHY, Re=Lev'/v 53500 DRETH B, OB+ EZ U LERTOEREEEL SN,
#/B=20 O self-preservation fATOERIEILZ OERBMRIC—KL, XbHTEBINS.



48 SUKB B EAAE IR #5225 B-2 (1954.4)

(b) HA-9 1:1 Dual Jet
5— axis
Lx 8

(a) HA-T Single Jet

. 3 PN =
NI = = e
0 01 02 03, 04
- Wx 0 0f 02 03 yx
8- axis
(c) HA-7 1:2 Dual
e !
Lve o xéB ‘ ﬁ
6~ ® 20 |
A 40 |
s A 80 1
\
40— | &\ /‘\
3 LAY
i
zr- [y
1 p '/—//.\P\\ e
— vy
ol 11 |
8 07 06 05

Fig. 33 Distribution of macro -scale L,.
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Fig. 35 Variation of Strouhal number §; in the puff phenomenon.
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