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Nomenclature 
P =static pressure 
r =cylinder radius 
x =boundary-layer coordinate measured from stag- 

nation point 
Y = boundary-layer coordinate normal to surface 
U =local x-direction velocity in the boundary layer 
U, =local velocity at the edge of the boundary layer 
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U, = freestream velocity 
V =local yilirection vclocity in the boundary layer 
B =ratio of cylinder surface speed to freestream velocity 
6 = local boundary-layer thickness 
9 = similarily parameler ( u l v )  " y  
ti =angle measured from stagnation point 
P =fluid density 
v =fluid kincmatic viscusity 

Intruductiun 

T HE calculation of a boundary laycr on a rolating cylinder 
in crossflow by finite difference techniques requires the 

specification of a n  initial velocity profile near the stagnation 
point and a moving surface boundary condition along with 
the streamwise pressure distribution. General solutions for 
this problem are quite complex, however, due to the un-  
synmetrical wake region which produces a strong coupling 
between the boundary laycr and potcntial flowficld. 

The objective of this Nole is to present the  successful ap- 
plication of a well-known finite difference boundary-layer 
procedure t o  the rotating cylinder problem incorporating an 
exact calculation of the initial profiles based on stagnation 
flow onto a moving wall. Thc comparison is only made for the 
sied of the cylinders muving streamwise. 

Initial Profile 
Consider stagnation flow onto a moving surface as shown 

in Fig. 1 .  The following analysis is a modification of the fixcd 
wall stagnation flow analysis due to Hirnenez and reported in 
Schlicting. ' 

The x-direction momentum equalion 

and the 2dimensional continuity equation 

may be reduced t o  an ordinary differential equation by a 
similarity transformation first introduced by GIauert2 for the 
solution of the boundary laycr in the slagnation region of a 
cylinder oscillating about its axis. 

The similarity transformation is 

and 

which assumes that the V component of velocity is unaffected 
by wall motion and that the effect on  the U component is in- 
dependent of x. These variables satisfy continuity identically. 
Subslitution of the similarity variables into the momentum 
equation and expressing the pressure gradient as 

Fig. 1 Stagnation Flow onto a 
moving wall. 
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from a potential flow analysis where u is a con.stant yields 

Fig. 2 'I rsl con- 
Cigurariun - W F .  3 

Noting thar thc right-hand side of Eq. ( 1 )  is indcpcndcnt nf 
.r, thc tcsm in brackcrs must equal 7ern. Thus 

Compar ison with the sigh(-harid side of Eq. (1  ) indicates 
thal 

w l w e  C ,  is an underermincd constant.  A further Irans- 
formalion t o  simplify Eq. (2) is 

I 
0 4C 80 123 160 180 

B (degrees) whcrc q = ( a l u )  " y results iri lhc equation 

which is ~ h c  same equation solved Tor thc fixcd wall casc and 
thc soluriori i.3 rcpsrted in Schlictitig and clscwhere. Thc 
vclocity cornponcnrs become 

and 

Thc  constant.; n and C,  may bc found by matching this 
scllul~on l o  :he pntential fluu solution alotig wilh Ihc ap- 
plicatior~ oC appropriare wall boundary conditions rn obtain 

arid 

Thcsc e q ~ ~ a t i o r l s  ma> be used to c a l c ~ ~ l a t c  the  initial conditiorib 
a t  any location near thc stagnation poinl.  

Calculations and Comparisun with Experiment 
The di f f icul~y in ubtaitiing rtieaaurcd velocir) profiles nra r  a 

rnrating cylirltler is borne out  by the scarcity or data nvailable 
in the  literature. Brady and ~ u d w i g '  did,  however, obtain 
boundary-layer vclocity prvfilcs o n  a 4 in.  rorating cylinder 
whilc studying fundamental  characteristics nC stall. Their con- 
figurarion cons i~ t ed  n f  a rotating cyli t~der r\ilh shroudr ah 
showr~ i r i  Fig. 2. A measured pre5burc distributiorl slung the 
cylinder surkilcu was ohtaincd with a rotating static porr in the 
q l i n d e r  surl'acc lhar waq cnnnected t o  a rransducer. This 
prcssure dirrriburiun is give11 in Fig. 3 .  

Wirh the $tarti ng profilc as previously described arid thc 
nlea\urcd preqsul-c distributiun Crmrri Fig. 3, a modified kcr- 
sion ol- ~ h c  Cebeci-Smith4 finite differcncc boundary-la\cr 
calculatinn rcchnique was applicd. 'This lcchnique has beer1 
preciously rnodificd by Tcnnarir ' fur  a tnoblng wall boundary 
conditioti it1 laminar o r  turbulent flow, the  larler requiring a n  
additiuna1 modif ' ica~ion t o  the eddy riacosity. However, the 
boundary  layet- in this probIem was eritircly laminar as deter-  

mined by the Reynolds Nurnbcr based or1 ~riomcntutii 
lhickness, which remained below 360 and this is an acccptcd 
crilcria for  transition on a fixed wall. For the n iovi~ig  a a l l  
caw, Snanson%cpnrtzd t h a ~  transit ion l o  turhulcnt bound- 
a r y  layrr ia rcrarded 1rc1ati.e tv lhc fixed wall case o n  the sick 
u f  thecy1irldc.r niovin: stren~nwisc.  

Fiyure 4 prcscnts t h t  derelnprncnl of the vclocity profile 
I'rom ~ h c  leading cdgc of the cyli~itlcr to the wparatlun point 
as  prcdictcd h y  ~ h c  analysis fnr #S = 0.30. The ir~iliill profile is 
taken frvm the lead~rlz udgr <iniilnrity w lu t  i o [ ~  clblainci' ,it 
r / r = O .  12216 ( H  - 7 " ) .  F ~ g u r e  5 shows a cumpat'iwr~ oT pre- 
dicted and  rneasurcd profile5 i l l  0 = 7X', go", IOO", 1 l o o ,  and 
120" for a Crccstrcam belocity of 9.0 m i s w  and a cylindcr sur- 
fac t  spced of 3.0 ni/sec. Thc  agreenwnt is secn to be exccllunt 
a t  all location5 cxccpt 120" whcrc proximity lo  rhc separallon 
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point produces the traditional difficulty in solving the bound- 
ary-layer equations in thiq region. 

Conclusions 
Based on this study i t  ma\: be concluded that the Gln11e1-t 

transfornlation resultr in  a similarity solution which produces 
a satisfactmy ~ta r t ing  velocity profile for the numerical 
calculation procedure. Thc calculation procedure based on a 
modification of thc  Ccbcci-Smith mcthud accurately prcrlicts 
thc boundary-layer development on a rutating cy lindcr f u r  thc 
cahc of a rcliltivcly low wall vclocil y on  r hc s l rcamwix rnm ir~g 
side. No data i s  available ro dererrr~ir~e the accuracy of (his 
procedure at high wall velocities. 
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