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Introduction 

T U R I I U I L N T  flow over a backward-facing btep is a very 
cmnplicaled problem in the field o f  fluid rrlechanics. It 

involves separatior~, reattachment, and redeveloptnerll of tur- 
bulcnl shear f l o w  Miiny invcstigntors have published their 
result5 rclatcd to  this problcm. I,' As to the knowledge of the 
authorb, all the model> previously used consist of t w o  
hurizonlal plates with zero-angle uf inclination to the un- 
dirturbed slream. Thc purpose of  his Notc is t o  present some 
r e ~ u l r s  of turbuleru flow uvcr a backward Pacing srcp with 
nnn7ero a n g k  of incliruriun of thc plate\. I1 m a a  fuunrj that 
both the step height and  the  anglcs uf  inclinatinr~r playcd a n  
important role 017 the pressure distribution and  the lengrh o f  
rearrachmcnt point from the srcp. 

Resulth and Discussion 
The experiments were carried out in an open luw speed wind 

tunnel with a test sectiort uf 30x30 cm. The l'rccstrcam 
vclocity and amhient temperature wcrc 15.hK m / s x  and 
3W0K, respectively. The  length or  he modcl was 21 3 cm; it 
corls~sled uf three essenlial portions,  narndy thc lcading p l a ~ e ,  
tbc srep piece, and the trailing plate. T h e  lending and  trailing 
plates \\ere madc of plywood with fortnica lining on the top  
surfaces in an aliempt tu make a hydraulically smooth sur- 
Cacc. Three step pieces wcrc made with different step heights 
( 1  cm, 2 cm, and 3 m). Thc three pnrtionr were hinged 
together for ca5y adjustmrrii of thc angle of incidence of the 
plates. The  anglcs were adjusled by lead-screw. P r e ~ s u r e  
holes with 0.5 mm diamctcr were drilled on thc center line of 
the plate.;. Pressure dktributiuns for  different profiles of the 
model were recorded by an  inclincd  nom meter hank. Thcse dif- 
l'crcnt profiles were the contbina~ion of three different stcp 
t1eighl.s ( h  = I ,  2, and 3 cm), three diffcrcnt angles of- in- 
cidence o f  thc lcading plate ( r u  = O n ,  2 " ,  and  . I0) ,  and  five diC- 
ferent angle\ uf- inclination for thc trailing plate ($'= -4", 
- 2', (lo, 2 * ,  and  4" ). Typical preqsure distribution curvcs for 
h = 2  cm, wcrc shinvn in Figs. I and 2. Figure I stiows the 
r e su l~s  of rero anglc of incidence uf the Icading plate. The cur- 
ver arc  almost hor imntal  upstream ot- Ihc step showing that 
the pressure is constarl!. I n  all these curves thcrc is a slight 
drop in prescure just d o ~ n s l r e a m  of the step,  folluwcd by a 
rather rapid increare of pres.sure indicating the realtachment 
ol r hc separated flnw. When 8 = 0, the prcssure on  the Irailing 
plale rcsumcs a new constant value asymptotically. Whcn 
;<< 0 I hc gradient of preqsure coefCicient is positive showing 
that it is diverging, w h e r e a ~  for (3<0 the gradicnt is negative. 
111 these resulls ~ h c  distance r ir measured along thc surface 
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f rom the slep facc. T h e  surface pressurc p is being written i n  
the  terms of pressurc cocfficient 

where P, and U,,  are  the btatic prcssurc and mean relucity, 
rcspcctively, a t  the location 29 cm upstrcam from the step facc 
and 8 cm abuve the surface,  and p is the dens i~y  of air .  Figure 
2 shows s tie rrsults for rt = 4 " .  For any  value oC j3 [he gradient 
of C ,  upstream of thc stcp is l e s ~  than zero, irtdica~ing the 
Cluw is accelerating due l o  the converging effect. lti (his 
repior), thc difference oT C,, iis small showing that the in-  
clination uC thc trailing plate has liltle cffcct on the p r e w r e  
d i~ t r ibu t ion  upstream of the step.  During the tests, rrip wire 
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Fig. 2 Varialiun or prswure coel'ficirni for h = 2  cnm. L:=l5 .68  
m /$PC, a = 4. 

Imig. 3 Variation of rcnltachment pninl wilh a, 0, and h .  
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~ i l h  1.5 mm diam was placed perperltlicular tu  thc f low at a 
distance ol 35 cm upstream oft  he qtep. 

1-uft melhocl w a 5  cmployed to locate the region of rcal- 
tachmcnt. Three rvws u f  tuft  were placed near the center line 
of thc plate. I his region i> dctcrmined f rom the last tu f t  which 
is curvcd in the reverse dircution to  the paint where all t u f t  
were direcicd forward. The middlc point in thiq region is 
assumed l o  be thc rcattachrnent p o i n ~ .  Thc rcattachrnent point 
ranged f rom x / h = 4  to 14 for all the comti r~ar inns  of ( k ,  d, 
and h ,  where r i~ the distance Crom thc reattachmen~ point to 
Ihc stcp. Figure 3 s h o w  the reattachment point with .r hcing 
~ io r rna l~zcd  hy h +,r sin ( r u  - 8) instead of  h. I f  the fo l louir~p 
rnean valuc i s  chosen 

the maximum error involved in the measured resuli frum thc 
value predicted by Eq. (2) i s  less than 25 To, 
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