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70 4E48%), Bradshaw & Wongl'l 33/5 M & B B M L BREEHT T B4 ZH4EH
BHEROBE, BHEONERE+IRZ, AAEARRMKN —SRARE. HHEHL- 2
PR A SRR RGKR, ZEEETKLARER. 1981 4, Eaton X Re EHH
MERAN T —MHERLEN RS B BETEMITREMIH#ITN, SREERIAR, &
HEHXBHRKENERARE.
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EABERSRBHMES, 2EUERMUTEEFHREE. SEMARHBA LS H,
HYERE, FARZETHNER. FEZ2EXERUIENES (BHRRIE, S, L
MRERA) THYREBAENEETN. TERGEPANKRREMNTATERENE, £
SHHTFERBEYE LY. SnEREKMERN X THERDSst o B ey 2 ek
ESTHEABRMERMY B mERYERENEIINE 3/4 B3y, REKE-LEFHR
[{. Reynolds M TN EL RHELULE, BATVHRSENMUIRARRUHIERNEEET
BEHRNLTE MENEEREETRREEN, MoERAL LEEHREE, BoEEHESP
WA 12 FAHREE. AROL - 2SSk ek 280N E 0 F YU 2 MR EEE A 0.04, B
11U, ERML, 8 w?/AU? = 0.033, L PEREEE 10%~20%. Eatoni! 1A K 78 H #54 £ g
FHEKEGRFEEE RN, B AREHRLN WRREZIN —v’ HEREX,
BEXEYIN G v HEEZWE. BRENSOYIN TS EAAN —u'v /U = 1.25 x 1073,
11U, TRERAL, —uv'/Us” =1.03x 1073, 5RMFHERABNFR 1.0 x 107° ¥ BIE.
R, BHEIEMPHRAEE —EEARRE, WUERE-DRESRKAN, SHMFEHES
BHEAEGFHR, XEKMEERKEwHLsE

EABBEHRETE, 42EEHREDESRTH, B TR, BE -S40 R m L
HHE. HTFZAREOTH, AESE, DUERBHEXSEmMBATEHYE W, YRR
B EEF Reynolds YY1 NARAEER. ZXRMMMHIEELEE, 2EFS5EMEEREMY
BITHI L@ L. Abbott & Klinel® 1 Kiml® #iiish BorEH, WYIBROBEN S LT,
AERMEEREMLN. Eaton & Johnston!® M M BEHIIH TX—5. WYETHGE
WMEHRRIEKX, X BTHEELBHRNEER 20%. BEERREAAN, C;=-00012.
Chandrsuda & Bradshaw('!l B 57 T #ish EHEHWHBRBRIRE, HBAEROEEE 4%
W, RARESEMEEZLEN 151 BITABLEEESMNTES, SHEERXNSEE
HERSIEREN, BRAERMEHINR. TRHESEAPIEMR ZA 4080 8 HEERA,
R %A X R4 2 1 5 W 7E 5 B X 9] DL Z2 B

B A TH, Reynolds NI ELEFRIFILANAEMMER. Brt, -4 THRE (FHR
B2, sub-boundary layer) IS EBHHB VI ERHK. SEHVIEDP R B KR ATHEMBRKHNE
B L2 HHWYIRABREBRRE 50 MU EE A AREE QA B YR .



BB EME RS EEET 30%, if X Z2NELROEHEIESIE, BEEE
AT E AEHHRARBEERAABABIE N, RABEEHK LKA —1E
BrebsB sk, REAERR. FEEEAF - TARKENE TS, FHRE-ITREZEK.
HWABRKXAMNBEENXETER EEHXMOTITEAEE, &SNNSR E
i, BHEERE. RAREEFREEERAESEHN, BEZOME RAEZRES. WM
HERBEBEL—H, BUESB=XHE Reynolds M 1R/ HE R —3, (B 7EREH Kk,
Reynolds [ 7 i) S W B2 A AR — 2 7).

BEHNSBREEROREERX Reynolds N M RER /. EASZREES, HAER
REEFHINER, TSRELERMNEMALE 15 AMAEHMEELITRNG, F—NBNEREEH
WY BTN MBI, Castro & Bradshaw!'3, Gillis & Johnston'¥ B WAE T UK 3
HEBHEEHERRENRERZR. EFH S LERNIEMPBEEZHSERE SRR
MAEADS, BFEKALYE WUERESTSHEEZEET 01 IHBROTSHFERAR
ERENZ WIS Reynolds N I RERA. HE, YIRS HEELSTHMATHRRE
MER. R, ATERBMIRARTHREOKRE, XXMEDLEAERKAR B2, &F
WYIREERRZEJLMAREKES T, FARZFAMKERONE, EDX— AR
Bradshaw & Wongl A0, BHTFREEHAKR, BRERENBEREAREEREEERT, KE
RENENSHRAEHED. HEBEAFRREXIMNA, BHXTHOMNEHER, 257
BSR4 B hi3y IR 4. McGuinness® A0, BHE—&XRMA EBEE, 5—-%50
THESRBRNAERNER. EFT “5:] KB, BHMEXBE—#8 5K EHFESH
MEREAFE, BUEOEAAE S XL BRXER _ LWFEATEESH XA,
TUHIRERE/AN T, XIER RN 1 Ew iR .

BAX=(@-z.)/h BREFEEERE 4. SAEZRHITHETEIR, BHXHEP
PEREHNHARREERT. dTARILFIBRAR, FEFEELT. REWVHEAZERR, B
B XHHEUIN AR EER TS AL, ERAHNDIEERNMBEAGNERESPERT.
Bradshaw & Wong'l A4 6,/h << 1 Bt (6, AN BELREEE, h HFHEERE), WURGE
WXt R, T Eaton MSZH P MIFW, 7 6,/h <2 WTEERA, BUIEKLWE R4
aR.

MEMEWEBEANSHEE RN FELRRORE, 2REEE, REHRE, Kk
TR, KRB BOMUBL. FEHREY: ARBLATFRSRERBRER, KB
5 Re HFEk WU, B REYHEK WRTH R ER ) Narayanan 25 U8 gy $4E &8, &
REBEMBEMKEYRRSE. BN, ARRXESHEMRMEE S LI, 6 HEHKENY
BLE R R KN, 6 /h N 20RIAAE) RS 020BRAFE) N, BHKEES~7944
Mre R AL RARAEESFHKENEWMEAERENHRS, BEAREXRY, BRER
RESHBIEHEE. INMEREM LS Patel!” FHRBAENNESE -, THERSEN
BKEEHERDEOEMTEX, BREHIBETEHEEOERT-2EX, BHEERR
B R mmBan s U8 s BEnait %/ WS b ERKELEH 19 4
BEKT 10 el DL Z0E, MO/ T 0K, 2BELRAERERNEHKEE L, 2
e, HHKEED, RERETFHEAX RN HRE.

BHEIERHKREWR AN S REXEBAY. Kasagi % 20 poLm A £, BHE
HFHRIRAEHERE=44, ARBAKERESSHEEHRY. BAMWITERRESE,
HEAELT RN ENETEEREREH. Chandrsudal” \H, ABELRBERBRN, B
BIRALSER. BEEREMEARIEEMNEN, ZEARKRBEH, bSRERRE. HE
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(FBHE, IR ELRIEE AHFSAHFRMTEE. Roosl! 5, FibE W5 LR M
RO, MEEARERSGH, AFEAYNKNE. BEENVERAENEM KRESH
BEBERAHMN. Troutt %4 2 WXRLERMENH, FHEMITEXMNEHE P HEEXR
ZH. XEXRGEHWEBHRTREZANBENL, MFHRHITABETSEEZNEA.
BREX EHGRENEROGHSREROFR TS, BRIREC A LERNREINS
. MBA1AN, BHXESIGENEDNARERX TIPHRI BB RTE (slow transition
of mean flow) B4 X LR I WA %. McGuinness® F1 Rothe & Johnston(23! £ R, FH
WY BB RN, TERETREHIHEIEKN. Rothe & Johnston XM, LK
BESE—BENRES RS TNH=Z4REE, MERRAZLRERENER. YRR
PAR:— S s o i = 4 i, BB LB A R R 8%; tEAXTH, ikX®
B iEs, Win=4RnE, BHKERD 50% XNMEREYH, BRIRERFEREN,
Y EHESRAE EE/EH. Rothe & Johnston AN, RFEIRELLFEHHEK S AP OHFEEER
it X B AL

BREE-NEEENBRERIREZSHRPHREESEEYIINEHREGFHESE
HEBRXRKOAR, BAERRERERHEXNARERERL. BEEHTAROEE, JF
BMRAEEESX DR =/XM. WM Reynolds B J1 M %iz B E K. BLBERE, &
- FEAN BTSSR, BRI HE AN O RE i) 3 e 3R B AT AR — R B T Y
(48 MitE T, REEEANNESEEKEE.
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% 4~5EFHRBEREL, 5 Re XX HH. FHMBRXBRRENEE. EOMKRSEN
MERY, 20 FFHRERZERITABRSKRRA. EREH L, Prandt] 84 5%
BHRE KB REILF AR K (Re = 24000), N B AF] z/h = 16 4bTAT BB B r 38 m,
BRTESRD. EENATHIABROEFRRRK, WHBTYIN DS H3h 85 UR H#1.

Kiya & Sasakil®®l §f 57 4> B Wi 5h % W6 & ) A0 L P Bk sl O 4 ot L BRI KB, Y BEOK R B
BRERRN 0.6U0/X, (U RBYSIRMOERE, X, BROBEEKKE). ERNRHEE T
E-ANAKRERRBEYE, IEARBEHUET 02U, /X, RSRBRE, FOBRERRAAN
0.12U [ Xy MATAAARBARER S BM KM AMG D, LRI TIR 7S B Lk HHE 12
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A% MURREELTHHLEFTEBN, SEUAREBRE, SHOBRLEYM BEH
REZHIER—NKBRE THREESE, 2FEREAD. AR, 0 E % ksl #4
XEFARSBERAXRBEREHHANFER. BAKBRTEORKIEBEKR, TUELSKEBHE
BRMEFERINSERGES, BTN BE A E A E 8k sh o ol 3R18 R H E Bk B R 4
fifs 8. BEE - ENKSIEMXBROARERZ BN 0.8X,, 5181 # 818 E E 3
REEMLER B RPOMLEBERE 0.2X,, WNRZEIFHHRKE (0.7 ~ 0.8)X,, HH LK
HEE X MEREN 05U, SERMEMERMEL, RAWMEEM, HFHEERD. EBNE
U, RMWMBEN 0.2% REE 0.4% B, FHHKEE 5%.

Cherry % ") 4 T ER _HHZ PRSI BHEM A Y TEELMMET BRIES, &
B, HETHRNRSER. SHESEMSITRANFRAL EFENIERET—MEFN
23 RERWSSERINXRT2RE, ERBWINEF-IBEES. K385
MRREADTHEMHCE, RTE IR RS YY) 053 B X 20 R AR AL i 7% 2 18] 32 4L 19
FAERBEAY. XEMAMRET THMEEHRY: (1) BREOREMEERYKE, &
AR ESEE B KA NS BERKEN 60%~80%. (2) KREEMUGREE. ) BHET
Wil T BE A REL W RE — N AR I A AL B BY P12 3 R

WUIBTHEENRBRHEXEN, ROEEMERMRKESLZEEK. BHUEESEEARA
Bt FREZERE, HARBHIBAGMARREEH—AN=HEWH. YR EEEE
HSI BN KBRS BEA B EARXMYXE. 4B XHE ROENKSIPE—
MESES L, XEEREARAERTHVIERI K LEE. XN HEGN— DR AR
AL B — Rk & AR AL b B 18] RUE (characteristic timescale for relaxation) Bt & 7 —
RO B — L BB AR K - FROLE. BT REMRRE/D, BPEXT T8 LR (K #Y 3L
B, WRAMNAGEERRK, TEOBREHRL. AERISBEKER 60% &4, BEEKHEK
FBRARXPUILEG (isolation), NEZBEH X EZMKE W, FEMEREHYNK, WYIREESHER
HWRREMESKBRESBURLESBMIILRE R XL, 2EHHIAME B HUHR
5K (Reattachment Surface) I, WYIRN B HERKRAE RN, HFTRELRE Re
HIBRMRHEZHE. HEROREEE -BABMLNZL, DEFEEMRERPEREBEENAR
Bizs), BRENVESEHERE | &8 B k.

WYIEMEERS S FRBEEAABRET, MMt NTFIEENEE. EHERX
FOBE REREEE N MANED. EESARFNRE, BHE FTHBERAEXHEERA
KD, UBTER—EXPEVEREREABNER=Z®#tTR, BRHZHENECLT=
HERE.  Kiya ¥ F B HOR 7 B A BE IEHA B 7 B X M Reynolds B i E R IA & A FER=
H4AER IR .

Sasaki & Kiyal?®l K31, 7E 80 < Re < 320 MIFLE M, BLG PRATE B IR BIREM S0
ATFRBRE, BAERABHEREYE. SEROBERKENE R MK, BKET 13HH
AP ERE); 7E 320 < Re < 380 WISEE A, PEFE AL BREN TWENE WA A BIRFE 4,
S EMRHEHCERE Re B MBER; % Re > 380 i, KRRIBER, A BHEOEHE
REARTE. 7 06 < o/X, <20 2, KIRZEKHKTES [, SERER . EAHZ,
I =1, =(40~5.0)H (320 < Re < 380),l; =~ 1, = (6.0 ~ 8.0)H (Re > 380).

2.3 ﬁ:Fﬁ/ fBiR (splitter plate) A&k (T BlLH)

mAE 3 fioR, MERLARRAFHEANMEDZLSE, ERTHOREE — dTFR
BTERRGES — BHTHEER, XEXMASIRFROHL BREEEELR—EER
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M ZRAEER. B, BTRRERMBENEZHERSER - EHOERK, BHEOE
MEFFEBELTERRFERSRTLAREES, X ABMEMERSIGERN Reynolds By
N BA R il oh K R BEUR 454 R i B R 4E.
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B3 BT/ MRS HRHEHRERE, # SmitsB0

Arie & Rousel®®! BFFL P / BB &R KT, BRAR AT LA30 4138 % WAL E) 49 R iR5 30
MEZHRS. YEENRBEDBRMEEFL (Co = 2.1) 1 2/3, FHEHBLDAFRME
BAFS (—1.36) B—4, HIRRMLKE (I/h=17) KARMFRGHER (/b =23) K 3 FEE.
RBATTIA A MR AR S B D AUE Z WD, FRIR KB EE R HRE R T = ERBE &N
PERBEEEAR. M Re T, ML _HHAFR-EMRERARABTERK—BER, ®
B mBg iR E R A, MER Re BT, M4 PE~ENRREY B, HPREHRER
REy #EEEE TR EL. X FmERNERL, X Re EXTFILTE, BHROAPIE
AR, BEREARFEE. BTHRUKZTENRAREMERLEZRROD, BE~
SRR REREE. F-AENEAREL, EETHMEMLIBMA. EEUERERR
T

Smitsl®®) K, TR / RIRASGHERKE | HIE AR Cp (Cpy = ’Tgﬁ%, U 5
Po *HIABHRMMEREMBE, » ARAERE, P, ABERES (the area of the base)) &
BHSHSM 3 W F—NASHEROEREX, SREERNER, SEALSBERS
SEHRRETEKRA o; BB SRBEOILARTEX, BIMEHKE L B ¢ H=3
SEXBEBARX, Gl THERREH TF v, EABEHEHBABR. TREEER,
EHGHERBEORCSEEREL. Yr<iit, BRKERASEMISHRERE, 2>
B, PREKEMEN-DPSEMUER;, Cp SIZEBREHBOAR, HEMMTHEGy
FREEE, ERBWIRESRRASBOMIR. X 5% B W EH i EEN e IR
EHARMME AR, ERBSHERYBEHKERD, BEHRN BAENSHAEEHRET
BERVMBMHOBRET L EE, TEERmR/ MIEREEYHOERRERN, REpse
HEEN S EHEELRD R R &E, BRIASHAEEBRAR X0 ESREHNES
HEX.

Ruderich & Fernholzl®!) BF3Y T SUF 4R / MEARAL & 472 4 19 5 B M. BATRBFTR / 8
BAGHEWETUTILAERE: (1) LWIRZOEETLZE; 2) 2HEBEZN; 3) B
REFRAUASAERFEHOZE. BEAFBRETHFPROKE. SHOHEEL, HEZED
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REARRWEE MEXRAREIMEERES SHABRERTERERZ L (P KT 10, #
shE — 4. {B7F Ruderich & Fernholz ML+, HEXEMBEAHFRL®E D, 5B
W EEME R EE he, MEXIHRYE, hr=05D—1t), t BEEHEE. FAXHNRESLKH
YR HIR 10 f1 22, BEFRTHTURKZINRBEO=4EH. XERHITHEAHE:
(1) A EXHIBRELBRAEHRE? (2) Z4TAH (AR, BHHEHR) FETFHR / BRAES
1550 B DR R ?

Ruderich & Fernholz ##l AR FEE v SHMXKE | ML ETREEFN—DAE, BE
BEERHRARRIE. EREMANEEZTROBRBRENH, XHMNFRBRES+EL%
RETH, RRBEHAEH THAE —INR. FIUZS%TAXETE / BRASESHH AL
¥k DERAZHHETFREERATRERIIG 4N, AWM AR B QMNEHERX K
SHEISRMHERT, IEARTHEI. WX (y < 3hr) WXIRSWES W 2 HHOBEEH
BAST M EREHRKKERE, ZUIBEERAABHSHNREHRE, 5 Pui & Gartshorel32
MER—B. BAORE A, A, HREAG M, SRERBSHOER. BHERELHE TR
SEATHE-AHAN _HEH, AEEREIBERNDEFEEN.

FOL LR ENYIRAERME EFRER -1 REARFE BRI ESEFR
&EWET%%ﬁﬁ#E“%Eﬁﬂﬁﬂﬂﬁﬁ@%@%ﬂﬁuﬂﬁwzu&&mmﬁﬁﬁ%
T w'v’ S RARBU. 510X 2 3 P % WA K30 B BE A B4 0.3Tman A 0.5u max, PHYBE
FHAERRX SHRASIPFRAEHENEERE. B TRKRILEE (K4 68hr), BHRIITRAHE
AR K 4530 )2 (equilibrium boundary layer). B X LUK B X T i 4B W <R L BER
SO S, — A9 0 R T R BH B ABIESE T X ANE .

MHEBHNEHUFSRAREHRBERE—RK. 10 Cherry 7, Kiya & Sasakil*®) X #
MRS, EESERE P A FEEMA. 1 Ruderich & Fernholz iR+, T
MEHRAHGH B, CENEEESAREFERE, BIMHREEARMBLUN. MHEE
ERKEM, RAHHRFBEEFEANENL, RAIHEERE, BHXEE BRAXESE, 5
Smits(®! #7555 R — 3.

2.4 HHRELHE
WX P LARGAERNE 4 iR

1975 4€, Otal®® #F Re ¥4 4.08 x 10* ~ 6.80 x 104 M EABIR T B 3R 7 L sk a4
WRAEMS). WETFYRSONE, MABREMKE, EHSH, WRKNEE Vu?
Vo § Vw? 4345, Reynolds RiJi4 16 B R B B4 75, 5545, 1080 4, Al Li% 4 & T %00
B0 WAL (Re = 42100)B4. BI04 R %W, 4 ERERKEE LTSS EAREAR,
X./D=16. WHIEEBEARSKBRAARABEREELEST 10 BHEERNER. ZERAE
REHHE, Prandtl BAK BRI EEKER BEREWK. CI0BEMNER LS 2/l = 3(5
zfd=4,1 ASEBWHERERE, dAREER) MERMK, BRTW, SII8BER
AN BWYIREBEMENETEER, WIS 88605 LU o).

Kiya % 5] ££ Ota SZB0 MOBERE L M BOBBI ST T B%d AR 7 Sk Bl AT 44 B 0 10 0 4 IR A
WBTHEEARABLNIREE 56, WHRETE M. 0T B4 ER E,
PR, URMMEENEEEHRSIORAKERE. SREHN, BREORIEE—AN
HF (celluar) 454, TEERFIXETHERTEASAREREHEREE—LY. SEBEAH
WRBIERARBHR: —AMETFHEWIRNES, B DR T 5B H AR B R R
%.



= 3 X RR-Fig- b %= S EBEHYR
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B 4 Bin7&ax BRETA LS 4 R B E

w3 S IS TR LA AT S A B BT R BALR RIS %3 (Re H04 2.8 x
10° ~ 1.0 x 10°). BFSTERM, Re<24x10' B, BIYIRRAERK O H, SEEHERKEHEE
Re M MWR/D; Re > 3.0x 104, IR FiRMABHRE, 2BHEHEHKES Re BE
X, X,/D=(14~15) HfHBREHFEMELEAR, HPEFNEHRCRREZELRE IS
KFTH. 2EHVED K-H FTREFABIBARREELRT, RAER THSHLE
hHERX A, BREARBENREH, YHS50EER AN SR ERERFR.
MG BEER, BRSBHNE-RET 2~3 KPRAHIE, MAESFHNELE 5~6 K
FIREHER. EEMESHEMIERY, BRASENUIEEL Hopf 22 F A& & @R
AR A PO

2.5 HXMMALBHE
xRN AR TELRPE LYILAER, RHrxBEENRE 5 fix.

Uso

EHX
1 Wi
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wing
L Iy —»

Bl 5 T2k B Rl FR o4 o 55 45 m R

Schwarzl®") JE 3 B EHEEUFR THAR M HFACRENRERAE. £5%, A58
HUIBPHFE-IHNTREEXNENTRER, ZRE—-EZMINERKHRLE. 40%E
RMAEMHAREHHRS XS, T ANMEERERsI N mEeIR, F5%Ha
BRI ERET L. S EERNTEEREZNER. EX R e DgRRsiERR
FRRRIE, BHTZHRIMUARDRETRAHEN. KRPRAELENTBRYS
BEHHERYEBRIT

B¢ 1) TRBF R R AR BB X ARk R AV R, AR T I 2 A S v AR
AN ESEMBE>440E, ATAENVEMNELRERLATERERREE, TENERER
EHX. £ Re A 3 x10° ~ 2 x 10* MEERN, EREKER Re BIEMTHIM; 7E Re
BH 2.0x10" ~ 1.0 x 10° WFEEWN, ERRKES Re LXK, X./D =0.975. & Re $ A
. 04 .



3.0x10% ~ 5.0x10* WTEE W, BM PR E K St Bl Re ¥ N; 76 Re $0 5.0x10* ~ 1.0x10°
WNE N, RRESEE St Kk AR Re 3384k, K44 0.27

3 BRiF

SEEMASEYZEOHR, HPYRHHROCELER. Bl TR LR &4 (0
RAIGHEE, FHEES) WEER, LREAROTHERE, NEFLBELRFI. A% B
MEEHHCTEMERXZ Mo BNRNERBEAFL, BERRERXTHROBEUNAR
AR, BRXMERNEEENEERAN 4 BERWIERRZESHAR ATRELZATH
SEERTES, BEMBENEOHE, A, SEEHRYRORREASE, BEXHE
KREGEW, DUREHATRIABZORBEASE, F%, WYEER EMUAE.

8 % X K

1 Bradshaw P, Wong F Y F. The reattachment and relaxation of a turbulent shear layer. J Fluid Mech, 1972, 52:
113 ~135
2 Eaton J K, Johnston J P. A review of research on subsonic turbulent flow reattachment. AIAA J, 1981, 19(9):
1093~1100
3 Baker S. Regions of recirculating flow associated with two-dimensional steps. [Ph D thesis]. Dept of Civil Engng,
Univ of Surrey, 1977
4 Eaton J K, Johnston J P. Turbulent flow reattachment. In: An Experimental Study of the Flow and Structure
Behind a Backward-facing Step. Rept MD-39, Stanford University, 1980
5 Kim J, Kline S J, Johnston J P. Investigation of separation and reattachment of a turbulent shear layer. In:
Flow Over a Backward-facing Step. Rept MD-37, Stanford University, 1978
6 McGuinness M. Flow with a separation bubble-steady and unsteady aspects. [Ph D thesis]. Cambridge Univ,
1978
7 Chandrsuda C. A reattaching turbulent shear layer in incompressible flow. [Ph D Thesis]. Imperial College of
Science and Technology, 1975
8 Chandrsuda C, Mehta R D, Weir A D, Bradshaw P. Effect of free-stream turbulence on large structure in
turbulent mixing layers. J Fluid Mech, 1978, 85: 693~704
9 Abbott D E, Kline S J. Experimental investigation of subsonic turbulent flow over single and double backward-
facing steps. ASME, J Basic Engng, 1962, 84D: 317~325
10 Eaton J K, Johnston J P, Jeans A H. Measurement in a reattaching turbulent shear layer. In: Proceeding of 2nd
Symposium on Turbulent Shear Flows, London, 1979
11 Chandrsuda C, Bradshaw P. Turbulence structure of a reattaching mixing layer. J Fluid Mech, 1981, 110:
171~194 .
12 Smyth R. Turbulent flow over a plane symmetric suddon expansion. ASME, J Fluids Engng, 1979, 101(3):
348~353
13 Castro I P, Bradshaw P. The turbulence structure of a highly curved mixing layer. J Fluid Mech, 1976, 73:
265~304
14 Gillis J C, Johnston J P. Experiments on the turbulent boundary layer over convex walls and its recovery to
flat-wall conditions. In: Proceedings of the 2nd International Symposium on Turbulent Shear Flows, London,
1979
15 HFEE. SIHAASERSEREES. MIeaiex] bRk, 199
16 Narayanan M A B, Khadgi Y N, Viswanath P R. Similarities in pressure distribution in separated flow behind
backward-facing steps. Aeronautical Quarterly, 1974, 25: 305~312
17 Patel R P. Effects of stream turbulence on free shear flows. Aeronautical Quarterly, 1979, 29: 1~17
18 Kuehn D M. Some effects of adverse pressure gradient on the incompressible reattaching flow over a rearward-
facing step. AIAA J, 1980, 18: 343~344
19 De Brederode, V A S L. Three-dimensional effects in nominally two-dimensional flow. Ph D Thesis, Imperial
College, London University, 1975
20 Kasaki N, Hirata M, Yokobori S. Visual studies of large-eddy structures in turbulent shear flows by means of
smokewire method. In: Proceedings of the 1st International Symposium on Turbulent Shear Flows, Pennsylvania
State College, 1977
21 Roos F W, Kegelman J T. Control of coherent structures in reattaching laminar and turbulent shear layers.
ATAA 85-0554, 1985

95



22
23
24
25

26
27

28

29

30

31

32

33

34

35

36

37

Troutt T R, Scheelke B, Norman T R. Organized structures in a reattaching separated flow field. J Fluid Mech,
1984, 143: 413~427

Rothe F H, Johnston J P. Free-shear-layer behavior in ro.ating systems. J Fluids Engng, 1979, 101(3): 117~119
Ota T, Itasaka M. Separated and reattached flow on a blunt flat plate. ASME J Fluids Engng, 1976, 98: 79~86
Ota T, Narita M. Turbulence measurements in a separated and reattached flow over a blunt flat plate. ASME J
Fluids Engng, 1978, 100: 224~228

Kiya M, Sasaki K. Structure of a turbulent separation bubble. J Fluid Mech, 1953, 137: 83~113

Cherry N J, Hiilier R, Latour M E M P. Unsteady measurcments in a separated and reattaching flow. J Fluid
Mech, 1984, 144: 13~46

Sasaki K, Kiya M. Three-dimensional vortex structure in a leading-edge separation bubble at moderate Reynolds
number. J Fluids Engng, 1991, 113: 405~410

Arie M, Rouse H. Experiments on two-diménsional flow over a normal wall. J Fluids Mech, 1956, 1: 129~141
Smits A J. Scaling parameters for a time-averaged separation bubble. J Fluids Engng, 1982, 104: 178~184
Ruderich R, Fernholz H H. An experimental investigation of a turbulent shear flow with separation, reverse ARow,
and reattachment. J Fluid Mech, 1986, 163: 283~322

Pui N K, Gartshore I S. Measurements of the growth rate and structure in plane turbulent mixing layers. J Fluid
Mech, 1979, 91: 111~130

Ota T. An axisymmetric separated and reattached flow on a longitudinal blunt circular cylinder. ASME J Appl
Mech, 1975, 42: 311~315

Ota T, Moteg! H. Turbulence measurements in an axisymmetric separated and reattached flow over a longitudinal
blunt circular cylinder. ASME J Appl Mech. 1980, 47: 1~6

Kiya M, Mochizuki O, Tamura H, Nozawa T. Ishikawa R, Kushioka K. Turbulence properties of an axisymmetric
separation-and-reattaching flow. AIAA J, 1991, 29: 936~941

Dong Y F, Wei Z L, Xu C. Transition of separated shear layer from order to chaos. Physics of Fluids, 1997,
9(9): 2580~2584

Schwarz V, Bestek H, Fasel H. Numerical investigation of instability waves in the wake of an axisymmetric
bluff-body. Bluff-Body Wakes, Dynamics, and Instabilities, Springer-Verlag, 1993: 105~108

REVIEW ON EXPERIMENTAL INVESTIGATION OF
SEPARATED-AND-REATTACHING FLOW
Dong Yufei''?  Wei Zhonglei!

! State Key Lab for Turbulence Research, Peking University, Beijing 100871
2 Institute of Mechanics, CAS, Beijing 100080

Abstract Experimental investigations of separated-and-reattaching flow of several typical ge-
ometry configurations have been reviewed, such as backward (or forthward) facing step, T-shape
structure, axisymmetric blufl body, etc. Behaviors of separation flow field produced by different
models have been compared with each other, with respect to their intrinsic relation. The effect

of flow parameters on the flow field were discussed, and some issues which should be solved and

developed are presented.

Keywords separated-and-reattaching flow, shear layer, K-H instability
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