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was located at the downstream end on an axisymmetric body.
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with/without upstream screen , and for  on desi gn/off design
rotor flow coefficients. All tests were conducted in the
48—inch diameter wind tunnel at a nominal velocity of 80
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Nomenclature

A — constant of 5.76

B — const.jnt of 5.5

Cf 
— skin friction coefficient

H — axisymmetric shape fac to r

H — planar shape fac tor

k — von Karman constant of 0.4 
-

in — power law exponent
U.D

R — Reynolds number ,

RR ius of rotor

F ids number , R 0

aloci ty at edge of boundary layer

u — velocity

+ + *
u — nondi.mensional mean velocity u = u/ u

* * _ _ _

u — shear velocity u

— free stream velocity

W — relative velocity

Y — normal distance from wall
*

+ + ~~Yy — nondimensional distance from wall, y =

Ui ’ — relative streamwise vorticity

— relative normal vor t i c i tyn
0 — relative camber ang le

— planar displacemen t thickness

0 — plana r momentum

6 — planar boundary thickness
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Nomenclat ure (Cont.) - -

— axisynimetric displacement thickness

0 — axisymmetric momentum thickness

iS — axisymnietric boundary layer thickness

— defined by Equat ion (9) -

— angle bet ween axis of symmetry and tangen t to surface

p — densi ty of f luid

V — kinema tic viscosi ty of fluid
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INTRODUCT iON

The experimental results presented in this paper were obtained as

part  of an inves t iga t ion  of secondary flows produced in the blade passage

*
of a rotor. As shown by many investigators [1,2] , the amount of secondary

streamwise vorticity produced at the Llade exit plane (w~ 2 ) depends p r i m a r i ly

on the slope of the incoming bound ary layer to the rotor (Wn1 = 
~

-
~
) and the

blade loading (0 ). Any knowledge of the shape of the incoming velocity

profile to the rotor is valuable in calculating not only the secondary

flows but also the ro tor primary flow. Such factors as body leng th and

ups tream append ages couple with the rotor effects to influence the profile

of the inconhirig boundary layer. Near the end of an axisymmetric body

where the ro tor is loca ted , significant changes occur in the boundary

layer profile because the radii of curvature i.s the order of the boundary

layer thickness. —

Many investigators such as Patel [3,4] and Granville [5] have developed

me thods to calculate the momen tum thickness of a turbulen t bo undary layer

on an axisyminetric body without a rotor. In particular , Patel [3] has an

integral method which includes the effect of transverse radius of curvature

which produces an interaction such that the static pressure does not

remain constant across the boundary layer. Thi.s effect can be importan t

over as much as the last 30% of the body length.

This report presents detailed boundary l ayer  measur em en ts near the

body in a plane located in front of the rotor. These measurements were

made for various roto r operating flow coeffic ients and varying upstrcrua

body configurations. The measured profiles are compared with basic

boundary lay er re la t ionsh ips.

*
Numbers in brackets refer to documenta In references.
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DESCRIPTION OF EX PE R I ~~E~ TS

Tests were coi.ducted in the 48—inch diameter  wind tunnel  located

in the Garfield Thomas Water Tunnel Building at the Pennsy lvania State

University at a nominal velocity of ~3O fps which corresponds to a

Reynolds num ber of 3.0 x lO~ based on rotor diameter. This velocity

was chosen to insure turbulent f low over the forebod y. The rotor

was located near the end of an axisymmet ric body where the bo undary

layer thickness is large and is the same orde r of magni tude as the

body curvature.

Results were obtained with/without appendages , with/with it a

screen on the nose of the axisymmetric forebody, and on/off desigr

rotor flow coefficients. These basic flows are described in Table

1. Basic flow No. 11 (without appendages , scr een , and rotor) is the

most amenable to theoretical boundary l ayer analysis.

To minimize any effects produced by t unnel—wall interference ,

a “liner” was used in the test section. The resulting inkier contour

in the test section was determined by a potential flow solution icr

the body which appr oxim a ted a stream surface  where the body is in

a flow of infinite extent.

Total pressure tubes and static pressure tubes were posi~tioncd

in front of the rotor. Figure 1 is a schematic of the test configuration .

In all , threc total pressure rakes and one static pressurerake were

used. As the rakes were rotated , pressures ~-.cre recorded at two degree

increments for a total of 360 degrees. In addition , static pressures

were obtained on the surface of time model at the various locations

shown in Figure 2.

____________________________________________________________________________ ~~~~~~ -
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Af te r es tab l i sh ing  the static pressure distribution through the

bounda ry layer at each of t h e  180 posi tions , the local velocity was

calculated from total pressure measurements . Figure 3 is an example of the

static pressur e coef f ic ien ts in the bo undary layer at one position. The

rake results compare favorabl y wi th the static pressure coeff icien t

measured on the surface of the model .

DISCUSSION OF VELOCITY PROFILE MEASUREMONTS

The mean boundary layer prof iles obtained by curve fitting the data

poin ts are shown in Figures 4—9. The following is the list of flow

confi gura tions for which the incoming boundary layer veloci ty prof iles

were obtained :

Figure 4 — without upstream appendages , without screen, and
without rotor (Basic Flow 1/11)

Figure 5 — wi thou t ups tream appendages , without screen , and
ro tor on design flow coeffic ient (Basic Flow #1)

Figure 6 — witho ut ups tream appendages , wi tho ut screen , and
rotor 10% low in flow coefficient (Basic Flow #2)

Figure 7 — without upstream appendages , wi th screen , and
rotor on design flow coe f f i c i en t  (Basic Flow #3)

Fi gure 8 — with upstream appendages , without screen , and
rotor on design flow coefficient (Basic Flow #4)

Figure 9 — with upstream appendages , with screen , and ro tor
on design flow coefficient (Basic Flo~: #7)

A compariso n of the mean measurement obtained with the rotor (Figure 4)

and without the rotor (Fi gure 5) shows tha t  the mean veloci t ies  are hi gher

near t h e  rotor wall for  the case with the rotor . This is p a r t i c u l a r l y

t rue  near the  wall  where Y << R R . I t  is prOi)able tha t  the  hi g h e r  mean v e l o c it i e s

found wi th  the  ro to r  are caused by . s t r e a m n l  i n c  c o n ver g e n c e .  Th is ;  e f f e e t  is

produced by the  f avorab le  pre ssure  g r a d i e n t  generated by t:hc r o t o r .

—a
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The ef f ect of upst r eam appendages ca n be seen by comparing Figu re

5 to Figure 8. The upstream appendages consisted of four s t ruts  placed

at the 00 , 90 ° , 180° and 270 ° points on the axisymmet ric test bod y in

f ront of the rote:. The results indicate tha t  the upstream appendages

add momentum to the def ic i t  region near the wall and increase the

incoming velocity. This deficit is a result of the secondary flows

created at the intersection of the appendages and ihe wall .

More details of the e f f e c t  of the appendages are shown in Figures

10 through 15. These figures show the circumfer~n tial varia tion of

velocity at various radial positions. Even at relatively large distances

f rom the body axis , sha rp depressions in the velocity profi le  are produced.

Near the body and app endage in tersec tion , vor tices are formed which

entrain fresh fluid into the immediate neighborhood of Lee wall and

displace sluggish f lu id  f r om the boundary layer.  As a resul t , large

peaks and valleys are created .

The effect of an upstream screen can also be seen by comparing

Figures 5 t h rough 7. The screen essentially thickens the momentum

def ic i ty  region near the rotor wall of the rotor inf low region .

ANALYSIS OF MEAN VELOCITY PROFILES

[A] Ca lcu la t ion  of Boundaryj~ yer Thickness

De tai l ’~d measurements were made in the boundary layer near the  body

wall whereas  few measurements  were made at the  ed ge of the boundary

laye r. Therefore , the exact boundary layer thic kness ( S)  cannot be

dete rmined accuratel y f rom these data.  Moreove r , the  boundary  layer

thickness is also difficult to define by any calculation scheme ;

*

t h e r e f o r e , t h e  disp lacement  th ick imes :;  (
~ 

) and momentum th ickness  (0)

wi l l  be employed as more m e a n i n g f u l  p ar am e t er s  fo r  d e s c r i b i n g  t h i s  f low .

L. 
~~~~~~~~

. 
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*

Thus , the boundary layer data we re analyzed to obtain both 6 and 0

for  the two—dimensional axisymmetric flow. The results are shown in

Tables 2 and 3.

The two—dimensional boundary layer results (Table 2) were obtained

by integrating the following relationships

iS iS ~~‘,. 
-

~= J (1 -I--) dY , 0 = J ~~
-_ ( l _ f ~ dY , l

where Y 13 the distance perpendicular to the body surface . These two

thicknesses define a shape faccor (ii ) g iven by

1 1= — (2)
0

Furthermore , an estimate of the boundary laye r thickness can be made

by approximating the velocity profilL by a power law profile of the form

1/rn

U _ J Y (3

~ 6
where

.
~~
. 

{H( H + l) } •
~~
. 

, ( 4 )
H — 1

and

m = 
2_ 

(5)
H — 1

On the other hand , the t u r b u l e nt  bounda ry  layer is th ick and

axisymmetr ic  so the appropr ia te  a x i s ymm e t r i c  d e f i n i t i o n s  fo r  displacement

and momen tum thickness are I

(6) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A schematic of the coordinate  system is shown in Figure 16. Patel [3]

has shown that  the relationships be tween planar def in i tions and the

axisymmetric definitions of the boundary layer parameters are

~~ = 1 + 2 c i
0 0

(7)

II = H +  a(H + 1
)

l + 2a

where

a = 1/2 cos ~~ {
H ( H  ± 1)

) (8)r (H— 1)(H+ 3)

Est imates of the axisymmetric boundary layer arc given in Table 3.

The results of the boundary layer analysis parallel the conclusions

from Figure 4 to Fi gure 9. That is (1) the screen increases the momentum

thickness , (2) the upstream appendages increase the momentum thickness , and (3)

opera ting the ro tor a t less than the design flow coefficien t decreases the

momentum thickness. In all cases , the rotor operated within the estimated

inc omilig boundary layer.

[B] Calculation of Normal_Vortici~~

The slope of the incoming boundary layer determines the amount - of

v o r t i c i t y  enter ing  the ro to r .  The n o n d im en s i on a l  norma l v o rt i c i t y  is

def ined as
d(U/ V~)

w
n ~j~7/~ 5 (9)

~~~IIL.~~JlI1lIIl ~ 
—— .  ________________ 

~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~ - -~.-—-——------ . -
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where U/v ~s the bo undary layer veloci ty p rof i l e , Y is the dis tance

f r om the wall and R R is the radius of the rotor . The radius of the

rotor was chosen as the normalizing parameter because of the uncer ta inty

of the boundary layer thickness.

The normal vor ticity data obtained from the velocity profiles are shown

in Figures 5 through 9 and are listed in Tables 4 through 8. The important

conclusion is that for the averaga profile the upstream appendages

reduce the amount of normal vorticity entering the rotor as compared

to the no apper.dage case. This result occurs at the rotor design flow

coefficient.

[C] Comparisons with Two—Dimensional Theory

Experiments with axisymmetric boundary layers as shown by Patel,

Nakay oma , and Damian [6] indicate that even when the boundary layer

is thick , the velocity profiles do not deviate appreciably from the

two—parameter families of shape factor and Reynolds number constructed

primarily for thin boundary layers . This fact applies only if the

integral parameters involved are evaluated according to the usual two—

dirnensioual boundary layer definitions . In view of this , the skin

fric tior. law for a thick axisymnietric boundary layer may be written as

C f = C f (fl~ R )  (10)

whe re the  bars denote values obta ined  p n i r e l v  f rom t l i c  shape of the

veloc ity profile. Thus, the friction law of Thompson [7] can be ’ used

to ca lcu la te  the ski n f r i c t io n  c o e f f i c i  i m ; t  as out] m e d  i n  P a t e l  [3]

-— 
~~~~~~~~~~~ - -
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*
The shear velocity (u ) is a simp le function of the skin friction

coefficient. The shear velocity is used to normalize the p rof i le

velocity. As a result , the measured velocity profile without the rotor

can be represented by various boundary layer laws .

Because of ti’e unknown boundary layer thickness , onl y the region

near the wall can be anal yzed.  In this reg ion where the vort ici ty

is concentrated , the wall is expressed as

= A log10 y~ + B , 0.016 � y ~ 0.26 , (11)

where

iS — boundary layer thickness

A — slope of the logar i thmic velocity law , 5.76

k — von Karman constant , 0.4

B — constant for inner logarithmic velocity law , 5.5

can be used to match the boundary layer profile.

A shear velocity of 1.6 f t/ s e c  was determined by using E q u a t i o n  (10)

for  the skin f r i c t ion  coefficient. The results are shown in Figure 17

for  the inner region and good agreement with the normalized p lanar

boundary layer was found . It  is i n t e r e s t i n g  to no t e  t ha t  using the

planar boundary layer d e f i n i t i o n s, the shape f a c t o r  (H) is 1.78 i n d i c a t i n g

tha t  the p r o f i l e  is near separat ion but  the measured r e s u l t s  do not

i n d i c a t e  sep a r a t i on .  This resul t  can be expec ted  near  the t a i l  of

an ax i synimet r i c  bod y where the  curva ture  effect not onl y d o m i n a t e s

the  bounda ry  l aye r  t h i c k n e s s  but  also keeps the  boundary  l ayer  f rom

s e p a r a t i n g .

_ _ _ _ _ _ _ ______  
_ _ _ _  ---.- - -~~~~~~~~~~ --~~~~~~ - - - --
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SUMMARY

The incoming boundary layer profile to a rotor was measured near

the bod y wall fo r various flow conditions. The analysis show that

the vorticity in the boundary layer varies greatly with small changes

in the bou ndary layer s t ruc ture .  As a result , the loading of the r oto r

near the root and the generation of secondary flows will d i f f e r  even

though the performance of the rotor will not change significantly. 
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Table 4

Boundary Layer Profile Results
(Basic Flow #1)

Flow Co nf igura t ion : Without  Upstream Appendages
Without  Ups t ream Screen
Rotor  at Design Flow C o e f f i c i e n t

Y Y/ R R U/V o, w
fl~

d(U /V ) / d ( Y / R R )

0.050 0.013 0.360 3.21
0.100 0.026 0.397 2.58
0.150 0.040 0.425 2.21
0.200 0.053 0.450 1.95
0 250 0.066 0.468 1.74
0.300 0.080 0.493 1.57
0.350 0.093 0.513 1.45
0.400 0.106 0.531 1.53
0.450 0.120 0.545 1.2
0.500 0.133 0.560 1.18
0.600 0.160 0.583 1.06
0.700 0.186 0.603 0.98
0.800 0.213 0.622 0.91
0.900 0.240 0.640 0.87
1.000 0.266 0.658 0.92
1.100 0.293 0.677 0.78
1.200 0.320 0.695 0.76
1.300 0.346 0.715 0 .73
1.400 0.373 0.732 0.71
1.500 0.400 0.750 0.70
1.600 0.426 0.768 0.68
1.700 0.453 0.785 0.66
1.800 0 480 O 802 0.64
1.900 0.506 0.816 0.63
2.000 0.533 0.834 0.61
2.100 0.560 0.850 0.58
2.200 0.586 0.862 0.56
2.300 0.6 13 0.875 0.54
2.400 0.640 0.887 0.51
2.500 0.666 fl.~~)7 0 .4 9
2 .600  0.693 0.907 0 .46
2.700 0.720 0.917 0.44
2.800 0 . 7 4 6  0 .927  0 .42
2.900 0.773 0.935 0.39
3.000 0.800 0.943 0.36
3.100 0.826 0.950 0.34
3.200 0.853 0.955 0.31
3.300 0.880 0.961 0.29
3.400 0.906 0.967 0.26
3.500 O.~!$6 0.973 0.23
3.600 0.~~

(fl 0.977 0.21
3.700 0.986 0.981 0.18
3.800 1.013 0.985 0.15 
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Table 5

Boundary  1~~~er P r o f i l e  R e s u l t s
(Basic Flow i’ /2)

Flow Conf i gu ra t ion :  W i t h o u t  Ups t ream Appendages
Wi thou t  Ups t ream Screen
Rotor at 0 .9  Design Flow C o e f f i c i e n t

Y Y/R ~ U/V wfl~
d ( U/ V

~,
) / d ( Y / R R

)

0. 050 0.013 0.410 3.11
0.100 0.026 0 .445  2 . 6 7
0.150 0.040 0 .475 2 .32
0.200 0.053 0.500 2 .02
0.250 0.066 0 .523 1.78
0.30 0 0.080 0.542 1.57
0.350 0.093 0.561 1.39
0 .400 0.106 0.576 1.25
0.45 0 0.120 0.590 1.15
0.500 0.133 0.604 1.06
0.600 0.160 0.638 0.93
0.700 0.186 0.650 0.84
0.8 00 0.213 0 .669 0 .79
0.900 0 .2/ 40 0.685 0 .76
1.000 0 .266  0 .704 0 7 5
1.100 0 .293  0.721 0 .73
1.200 0.320 0.738 0 .72
1.300 0.34 6 0.755 0.71
1.400 0 .373 0 .770  0 .69
1.500 0 .4 00 0.785 0 .67
1.600 0 .426  0 .802 0.65
1.700 0.453 0.816 0.63
1.800 0.480 0.832 0.61
1.900 0.506 0 .847 0.59
2.000 0.533 0.860 0.57
2.100 0.560 0 .873 0.54
2 .200 0.586 0.885 0 .52
2 . 3 00 0.613 0.895 0.50
2 .4 00 0 .640  0.905 0 .46
2.500 0 .666 0.914 0 .44
2.600 0 .693 0 .924 0 .42
2 .700  0 .720  0 .933 0 .39
2.800 0 .746  0 .940 0.36
2 .900 0 .773  0 .948 0.31
3.000 0.800 0.955 0 .29
3.100 0.826 0.961 0.26
3.200 0 .853 0 .966 0 .23
3.300 0.880 0.972 0.19
3.400 0.906 0 .976  0.16
3.500 0.933 0.979 0.12
3.600 0.960 0.982 0.05
3.700 0.986 0.985 0.05
3.800 1.013 0.987 0.02
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Table 6

Bo undary_Layer P r o f i l e  R e s u l t s
(Basic Flow 1/3)

Flow Conf igur ation : Wi tho ut Ups tream Appendages
With Upstream Screen
Rotor at Design Flow Coefficient

Y Y/R
R 

U/V a, Wfl = d ( U / V cr,) / d C f / RR )

0 .050 0.013 0.380 3.02
0.100 0.026 0.415 2.30
0.150 0.040 0 .445 2.04
0.200 0.053 0 .472 1.84
0.250 0.066 0.495 1.69
0.300 0.080 0.515 1.56
0.350 0.093 0.535 1.46
0.400 0 l06 0.550 1.36
0.450 0.120 0.565 1.29
0.500 0.133 0 580 1.23
0.600 0.160 0.605 1.11
0.700 0.186 0.623 1.02
0.800 0.213 0 .640 0.94
0.900 0.240 0 .655 0.88
1.000 0 .266 0 .670 0.82
LlOO 0 .293  0.682 0.78
1.200 0.320 0.702 0.73
1.300 0.346 0.717 0.69
1.400 0 .373 0.730 0.63
1.500 O 400 0.745 0.61
1.600 0.426 0.755 0.57
1.700 0.453 0.765 0.56
1.800 0.480 4)•775 0.51
1.900 0.506 0.785 0.50
2.000 0.533 0.795 0.46
2.100 0.560 0.806 0.45
2.200 0.586 0.812 0 .43
2.300 0.613 0 .825 0.41
2.400 0.640 0.834 0.39
2 .500 0 .666 0.842 0.37
2.600 0 693 0.850 0.36
2.700 0.720 0.858 0.34
2 .800 0 .746  0.867 0.32
2.900 0.773 0.875 0.31
3.000 0.800 0.883 0 .2 9
3.100 0.826 0.890 0.28
3.200 0.853 0.898 0 .27
3.300 0 .880 0.906 0 .26
3.400 0.906 0.914 0.25
3.500 0 .933 0.920 0 .24
3.600 0.960 0 .935 0 .22
3.700 0.986 0 .942  0.21 —

3.800 L013 0.950 0.20

~
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Table 7

Boundary  Layer P r o f i l e  R e s u l t s
(Basic Flow #4 )

Flow Conf i g u r a t i o n :  Wi th Ups t ream Appendages
Without  Upstream Screen
Rotor at Desi gn Flow C o e f f i c i e n t

Y Y/R R U/V ,, wfl = d ( U / V
~,,) / d ( Y / R R

)

0.050 0.013 0 .420 3.18
0.100 0.026 0.450 1.95
0 150 0.050 0.468 1.40
0.200 0.053 0.478 1.17
0 .250 0.066 0 .4 95 1.03
0.300 0.080 0 .507 0.94
0.350 0 .093 0.517 0.88
0 400 0.106 0.527 0.86
0.450 0.120 0.537 0.85
0.500 0.133 0.547 0.85
0.600 0.160 0.567 0.84
0.700 0.186 0.586 0.81
0.800 0.213 0.607 0.80
0.900 0 .240 0.625 0.79
1.000 0.266 0.644 0.78
1.100 0.293 0.661 0.76
1.200 0.320 0.678 0.75
1.300 0.346 0.697 0 .74
1.400 0 .373 0.714 0 .73
1.500 0 .400 0.732 0 .72
1.600 0 426 0.749 0.71
L700 0 .453 0.761 0 .69
L800 0 480 0 .783 0.67
1.900 0.506 0.799 0.65
2.000 0.533 0.814 0.63
2.100 O 560 0.827 0.61
2 .200 0.586 0.842 0.59
2.300 0.613 0.851 0.57
2 .400 0.640 0 .860 0.55
2.500 0.666 0.870 0.52
2 .600 0 .693 0.880 0.50
2.700 0.720 0.887 0.48
2.800 0 .746  0 .895 0 4 6
2.900 0.773 0.903 0.44
3.000 0.800 0.910 0.42

3.100 0.826 0.915 0JI0
3.200 0 853 0.923 0.37
3.300 0.880 0.930 0.35
3.400 0.906 0.934 0.31
3.500 0 .933 0 . 9 4 2  0.30
3.600 0.960 0.948 0.27
3.700 0.986 0.~~52 0 .2 3
3.800 1.01.3 0.~~

,5 0.22
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Table 8

Boundaryj~~ycr P r o f i le  R e s u l t s
(Basic Flow 1!7)

Flow Configuration: With Upstream Appendages
With  U p s t r e a m  Screen
Rotor  at Design Flow Coe f f i c i en t

‘1 Y/ R R U/V~ wn=d (U/V
~,,

) / d ( Y / R R )

0.050 0.013 0.405 2.04
0.100 0.02 6 0.430 1.80
0. 15 0 0 .040 0.450 1.63
0 .200 0.053 0 .470 1.48
0 250 0.066 0 485 1.37
0.300 0.080 0.502 1.27
0.350 0 .093 0.517 1.18
0.400 0.106 0.529 1.11
0.450 0.120 0.541 1.05
0.500 0.133 0.552 1.00
0.600 0.160 0 .573 0.90
0.700 0.186 0 .592 0.84
0.800 0.213 0.611 0.78
0.900 0.240 0.628 0.75
1.000 0 .266 0 .647  0 .72
1.100 0 .293 0.658 0.69
1.200 0.320 0.679 0.68
1.300 0.346 0 .695 0.66
1.4 00 0.373 0 .707  0.65
1.500 0.400 0 .720  0.63
1.600 0.426 0.731 0.60
1.700 0.453 0 .743 0.58
1.800 0. /180 

- 
0.754 0.56

1.900 0.506 0 .765 0.54
2 .000 0.533 0.775 0.52
2.100 0.560 0 .785 0.51
2.200 0.586 0 .796 0.50
2 .300 0.613 0.806 0 4 8
2 .400 0.640 0.816 0 .47
2 .500 0 .666 0.826 0.46
2 .600 0.693 0.836 0.45
2 .700 0.720 0.845 0.44
2 .800 0 .746  0 .855 0 .43
2 .900 0 .773  0 865 0 .4 2
3.000 0.800 0.875 0 .40
3.100 0.826 0.884 0.39
3.200 0.853 0.893 0.38
3.300 0.880 0 .903 0.37
3.400 0 .906 0.913 0 .36
3.500 0 .933 0.923 0.35
3. 600 0 .960 0.93? 0.34
3.700 0 986 0 .94 .  0.33
3 8 0 0 1.013 0.95 1 0.33 
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Table 9

Bounda ry Laye r Prof i l e  Results
(Basic Flow Tfl)

Flow Conf igurat ion:  Without Upstream Appendages
Without  Upstream Screen
With ou t  Rotor

Y Y/R R 
____

0.050 0 .013 0.245
0.100 0.026 0.275

0.200 0 .053 0.335
0.300 0 .080 0.375

0.400 0 .106 0.412

0.500 0 .133 0 .443

0.600 0 .160 0 .468

0 .700 0 .186 0.490

0.800 0 213 0 5l0

0.900 0 240 0 530
1.000 0 .266 0.552

1.250 0 .333 0 .603

1.500 0.400 0.650

1.750 0 .466 0.700

2.000 0 .533 0 .742

2 .500 0 .666 0 .827

3.000 0 .800 0.900

3.500 0.933 0 .960

4.000 1.066 0 .990

~~~ ~~~—-~~~-—- .--~~ -
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Table 10

Boundary Layer Profile Results
(Basic Flow 1112)

Flow Configuration: Without Upstream Appendages
W i t h  U pst r eam Screen
Without Rotor

Y/R R U/V cx,

0 .050 0.013 0.225

0.100 0 .026 0.295
0.200 0 .053 0.354

-j 0.300 0.080 0.395

0 .400 0.106 0.430
0 500 0.133 0.450

0 .600 0.160 0.468

0.700 0.186 0.485

0.800 0.2 13 0.503
0 .900 0.240 0.517

1.000 0.266 0.534

1.250 0.333 0.568

1.500 0 .400 0.610

1.750 0 .466 0.655

2 .000 0 .533 0.695

2.500 0 .666 0.780

3.000 0 .800 0.855

3.500 0 .933 0 .935

4.000 1.066 0 .999

- -
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Table 11

- 
Boundary Laye r _Prof i le  Resul t s

- (Basic Flow 1113)

Flow Conf igura t ion:  With Upst re am Append ages
Without  Upst ream Screen
Without  Roto r

S 

.1 Y/RR U/v00

0.050 0.013 0 325
- 0.100 0.026 0.356

0.200 0.053 0.383
0.300 0.080 0.390
0.400 0.106 0.405
0.500 0.133 0.410
0.600 0.160 0 .420
0.700 0.186 0.435
0.800 0.213 0.455

- 0.900 0 .240 0 .475
- 1.000 0.266 0.500

1.250 0.333 0 545
1.500 0.400 0.590
1.750 0.466 0.635

- 2.000 0.533 0.675
- 2 .500 0.666 0.755
- 

3.000 0.800 0.830
3.500 0.933 0.900

- 4 .000 1.066 0 .940
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W ITHOUT APPENDAGES , SCREEN , AND ROTOR
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