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ABSTRACT 

A mean boundary condition has been derived for the flow of an 

incompreesible inviscid fluid along a longitudinally slotted wall taking ibto 

consideration the finite thickness of the slats. The flow was investigated 

near a wall along ite longitudinal axis, and the resulte showed that the mean 

boundary condition was eatiefied in the middle portion of this region. 

The mean boundary condition for a perforated wall, derived by 

Masder and Wood (Ref. I), was iweatigated. The results showed that the 

mean boundary condition was not satisfied at either end of the test section. 

In the middle portion, the mean boundary condition would be eatiefied if it 

were modified by an additive constant. 



NOMENCLATURE 

Center to center distance between two adjacent slats 

Half thickness of slat 

Constant, see equation ( 16) 

Constant, see equation (8) 

Half width of slat 

Static pressure 

2 
Dynamic pressure i 1/2 PU 

Free stream velocity 

Perturbation velocities in x, y, a directions respectively 

Complex potential 

w Complex potential 

XI y ,  Rectangular Co -ordinates 

Represents change in quantity it prefixes 

Angle of flow 

Doublet strength j 6  Fanvl 
- 

Density \ 

Potential 

Perturbation potential 

Stream function 

Complex co -ordinates in the cross flow plane 

SUBSCRIPTS 

atm 
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INTRODUCTION 

It i s  known that in order to attain speeds in the transonic range in the test 

section of a wind tunnel, some or all of the walls of the test section have tq be 

partly open, either perforated or slotted. Choking i s  alleviated by these 

partly open walls, thus enabling a smooth transition from subsonic to super - 
eonic flow. However, the boundary conditions ;o be satisfied by the a i r  s tream 

in the test sec t i~n~become complicated and a two-dimensional problem, for 

instance an airfoil which spans the width of the tunnel, becomes three dimen- 

sional. The exact boundary conditions for an inviscid flow in such a test 

section are: the  normal component of velocity must vanish a t  the walled por - 
tion, and the pressure must be continuous a t  the open portion. In mathemati- 

cal representation, these conditions are  A = 0 a t  the walled portion and 

+'= 0 a t  the open portion, where C$ is  the perturbation potential and n i s  

in the normal direction to the boundary. See Maeder and Wood [1\ l. To 

solve the flow prob1e.m subjected to these, conditions involves laborious 

numerical calculations. 

It has been shown by various investigations ( 2 1  , 13)  , [4)  , 1 5 1  

that it is in general sufficient to replace the inhomogeneous boundary by a 

ho.mogeneous mean boundary which, as seen by the model, closely approxi- 

matee the inhomogeneous boundary. Maeder and Wood (11 solved the mean 

boundary condition for slotted walls of zero thickness ,with slots set  a t  an 

arbitrary angle with respect to the a i r  stream. Walls with longitudinal slots 

and with perforations a r e  two special cases of the general problem they con- 

1 
Numbers in brackets refer to references. 



sidered. In this report, the problem of longitudinally slotted walls is  solved 

taking into consideration the finite thickness of the slats. A mean boundary 

condition similar to that derived by Maeder and Wood [ 1) has been obtained. 

This condition is then compared with the results obtained in several experi- 

ments. For the perforated wall the mean boundary condition i e  taken from 

the work of Maeder and Wood [ 1 ) and i s  compared with the experimental r e  - 

sults . 

THEORETICAL CONSIDERATIONS FOR THE 
LONGITUDINALLY SLOTTED WALL 

STATEMENT OF PROBLEM AND METHOD OF SOLUTION 

In an incompressible inviscid flow the equation that has to be satisfied 

by the perturbation potential +' is  

(See Fig. 1 for the orientation of axes x, y, z). The boundary conditions are  

, 94 
V =  - - - 0 at walled portion 

u'= o --+ 4'=0 inslots 

It i s  assumed that at some distance - A y from the boundary ( t h e  order of 

magnitude of A y will be evaluated in the course of analysis) a mean con- 

dition exists. Then the flow there may be considered as a uniform flow with 

perturbation velocities in the x and y-direction. In the region - A  c M c o 7 I 



therefore 
a=+' 
'3 K' 

can be neglected. In this region the problem is reduced to a 

uniform flow v' impinging upon a distribution of discrete slats along the z-axis. 

The problem can then be solved by replacing the slats with doublet--rods, and 

matching this flow with the flow due to a model in the tunnel. The mean 

boundary condition is then obtained. 

SOLUTION TO THE PROBLEM OF UNIFORM FLOW IMPINGING 
UPON DISTRIBUTION OF SLATS ALONG Z-AXIS 

The complex potential due to a distribution of two -dimensi.onal doublets 

of equal strength placed an equal distance, a , apart along the y-axis is  

given by ( 6  1 . 

where ,U is  the strength, 3 s 2 t ly . the complex variable. 

In the case of doublebrod. placed along the y-axia extending from (na- a )  

to (na+ ll) where - w ,  . -2, - 1 ,  0 ,  I, 2. - 00 ( Gg. 2 )  

with constant strength , the potential due to an elementary length dy r" 
located at t ( ~ a + ~ )  is  

Upon integration, 



The potential of doublet-rods distributed along the z-axis can be obtained by 

replacing 3 in (5) by - t 3 . Thus 

The total complex potential of a uniform flow V in the positive y- 

direction superimposed on the distribution of doublet-rods along the 

z-axis is 

TI- - P% 

W = l V , - L &  9 s i q ~  ( S + Q . )  - - + + q ~  
Sib g (T -  II) 

One of the boundary conditions in (2) states that has to vanish in 

the slote. Therefore for 5= t t i 0 ,  the following inequality must hold. 

It can be easily shown that the above condition is  satisfied for 

which is in the slots. 

NOW, the s t r eng thp ,  can be evaluated in terms of the thickness and 

the width of the slats, and the distance between slate by setting the stagnation 

point. at the center of each slat, i. e. at 3 = 04 and Y= k b where 2b is the 

thickness . 
Thus: 
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where K is a constant which can be evaluated once the configuration of the 

slotted section i s  known. The total complex potential is then 

THE MEAN BOUNDARY CONDITION 

From (9) 

where Re and Im denote real  and imaginary parts respectively. Equation 

( 10) can be rewritten as 

where 

By writing the hyperbolic functions in terms of exponentials a t  y = - y, 

nrdY 
and assuming e a > 7 \ , 0 can be expressed approximately as  

It i s  seen that A y can be of the same order of magnitude as  a. In equation 

2~ 2 
( 12) the te rm Go5 7 in the denominator can be neglected compared with 

This condition will be satisfied 
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Since 11 is the half width of the slats,  i t  has to be l ess  than 112 a.  Therefore, 

In practice, the open area  is  usually about 2070 of the total area,  which would 

make = o . 4 ~  7 I . Therefore, for practical cases, i t  can be safely 
4 

2TT 2 8  assumed that Co5 rQ# 0, and co5 h can be neglected. Then ( 12) 

becomes 

Substituting ( 14) into ( 1 l ) ,  

V can be identified a s  v', the perturbation velocity in the y-direction, and 

as +', the perturbation potential. Then the condition which must be 

satisfied by the perturbation potential q' at  the boundary y 0 can be 

obtained by taking the f iret  two terms of the Taylor Series expansion 
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The physical significance of the above relationship will become apparent when it 

is  differentiated with respect to x. At the boundary 

-- av' ' r e - = o  
0x a x  

or d + CV; = O  

where C =-LQ 
-4 

Since u1 is proportional to the pressure difference across the boundary, 

equation ( 16) expresses the fact that the pressure difference i s  proportional to 

the streamline curvature. This mean boundary condition is of the same form 

as that found by Maeder and Wood [ l )  differing only by a constant. 

EXPERIMENTAL ARRANGEMENT 

The measurements were carried out in the test section of the Brown 

University 22 in. x 32 in. low-speed wind tunnel. The test section was 

capable of being fitted with either one or two perforated or slotted walls. 

Two Joukowsky profiles, one, a half symmetrical section of 24-inch 

chord, and one, a full symmetrical section of 12-inch chord were constructed 

and used to create flow deflections. The deflections were measured by 

means of a yawxneter used in conjunction with s Betz type double microxnano- 

meter . 
A more detailed description of the elements of the experimental arrange - 

ment follows. 

WINO TUNNEL 

All measurements were carried out in the Brown University subsonic 

wind tunnel. The tunnel, which is of the open circuit type, is driven by a 

12 
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100 hp constant -speed motor and i s  capable of generating a i r  speeds up to 

200 feet per second in a 22 in. x 32 in. test section without diffuser ( ~ i ~ .  3). 

The flow velocity in the test section is  adjusted by varying the pitch of the com- 

pressor blades by means of a hydraulic mechanism which can be operated 

while the tunnel is running. By  means of this apparatus, speed adjustments 

within 0.2 mm of water colu.mn in dynamic pressure a r e  possible. After 

passing through the compressor, the air  i s  decelerated in the diffuser and 

enters the settling chamber in which a set  of three screens equalize turbulence 

fluctuations. The air then passes through the nozzle into the test section. A 

typical velocity distribution, as  measured in the test section, i s  shown in 

Fig. 4. 

TEST SECTION 

The test section, 50 inches in overall length, was fitted with removable 

top and bottom walls (Fig. 5 and 6). For the slotted wall tests,  the walls 

were ,375 inches thick and consisted of ten slats 2.75 inches wide and 44 inches 

long separated by a distance of 0.5  inches. This gave an opening a rea  which 

was 14.1% of the total area. 

The perforated walls, which were interchangeable with the slotted walls, 

were made from 16 gage perforated sheet steel with perforations arranged 

as shown in Fig. 7 giving an open area  22.5% of the total area. They were 

perforated for  42 inches of their length. 

In order to create known deflections in the air  flow a Joukows ky airfoil 

was placed in the test section. Two configurations were investigated: 

a ) A half Joukowsky airfoil with 24-inch chord and maximum thick- 

ness of 4 inches placed on the lower solid wall. 
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€3 ) A full Joukowsky airfoil with 12 -inch chord and maximum thickness 

of 4 inches placed on the tunnel axis (Fig. 8). 

The shape of the airfoil cross-section i s  shown in Fig. 9. 

INSTRUMENTATION 

The pressure measurements were carried out by means of a double Betz 

type water micromanometer. This allows a measuring accuracy of 0.1 mm of 

water over a range of 0 to 300 mm. The air speed measurement in the test 

section was obtained by measuring the pressure difference between the settling 

chamber and the atmosphere. This measurement gave the dynamic head q 

which was used in the subsequent calculations. In order to measure the flow 

direction a yawmeter based on the design of Dr. G. Daetwyler of Zurich, 

Switzerland and Prof. J. Ackeret of the Institute for Aerodynamics, Swiss 

Federal Institute of Technology was used (Fig. 10). It  measured the direction 

of flow from horizontal within 0. 1 degrees. The direction finding tip (Fig. 111 

could be replaced by a pressure probe which would then be properly oriented 

with respect to the flow direction. The yawmeter was mounted on a rigid 

stand outside the teet section with the probe extending through a 1 inch slot in 

the side wall 2 inches below the top wall. (Fig. 8). 

EXPERIMENTAL PROCEDURE 

The experimental procedure followed for each test section configuration 

was basically the same. The yawmeter was installed and a reference level 

established. The tunnel was adjusted to a speed corresponding to a dynamic 

head of 50 mm of HZO, i . e .  93 feet per second in the test  section. The flow 

@ 
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direction was measured 2 inches below the top wall a t  intervals of 2 inches dong  

the longitudinal test section dimension for 36 inches of its length. Measurements 

were taken at approximately the center of the wall in the case of the perforated 

wall and below a central slat and adjacent slot in the case of the slotted wall. 

It can be seen from Figs. 12, 13, and 14 that a distance of 2 inches below the 

wall i s  sufficiently far away from the wall for the measurements below slot and 

slat  to be the same for most of the range. 

Once the flow direction was established the static pressure probe was 

inserted and the difference between true static pressure and atmospheric 

pressure a t  each point determined. 

This procedure y5elded all the necessary data, f rom which the desired 

quantities were obtained in the following .manner. 

Perturbation velocity along tunnel axis, ut: 

If Bernoulli's equation is written between an opening in the wall and some 

point a t  which the perturbation effects a re  averaged, i t  becomes for an incorn- 

pre ssible flow of density P 

where patmrepresents the pressure outside the wall, in this case atmospheric. 

If the squares of the perturbation velocities a re  neglected, the equation simpli- 

fies to 

n p  = ? - Pa+tw - f U d  

From which ut is dimensionlesely 



where q is  known from the tunnel speed setting. 

The perturbation velocity normal to the wall v': 

From the velocity diagram 

v*' u CA e)  v' or d i m e n s i o n l e ~ s i ~  - 1 A (3 U 
For the case of the slotted wall, - '"' was evaluated graphically, and the ax 
constant C defined in equation (16) for this arrangement of slotted section i s  

5.75 inches. 

RESULTS 

LONGITUDINALLY SLOTTED WALL 

Three tests with different test section corifigurations were performed 

(Fig. 5). 

Test 1). A 24-inch chord half Joukowsk.y airfoil placed on the bottom 

wall 15 inches downstream of the Seginning of the test section, top wall slotted. 

Test 2). The same half airfoil placed 25 inches downstream of the 

beginning of the test section, top wall slotted. 

Test 3). Two parallel slotted walls at the top and the bottom of the 

test section with a 12-inch chord symmetrical Joukowsky airfoil similar to 

that used in 1) and 2) mounted in the center of the test section 20 inches down- 

stream of the beginning of the test section. 

The data obtained in tests l) ,  2), and 3) a re  presented in Figs. 11, 12, 

and 13, respectively. It can be seen that the flow direction 2 inches below a 
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slot and that below a slat is practically the same except in the rear  portion of the 

test section. The same i s  true for the pressure readings, however, to avoid 

congestion of the graphs only the pressure readings 2 inches below a slot a re  

presented. The differences in flow direction and the static pressure below a 

slot and those below a slat in the rear portion of the test section are  attributed 

to the separation of the airstream flowing from outside into the test section. 
I 

U The values of - and C z '  corresponding to each measuring station 
LJ U '3% 

for the three tests are  presented in Figs. 14, 15, and 16. In the calculation of 

, the pressure difference measured 2 inches below a slot was used. It - 
t) 

i s  seen that for the tests with the top wall slotted (Fig. 14 and 15) the mean 

boundary condition is satisfied almost exactly in the, middle portion of the test 

section. The discrepancy in the front portion maybe attributed to the finite 

length of the test section. In fact, near the beginning of the slots, the as-  

sumption that 

is evidently not valid. Therefore agreement with the theoretical predictions 

cannot be expected. In the rear portion, the separation of in-flow would 

invalidate the mean boundary condition. 

It was in the hope of reducing the end effects that the test with two 

parallel slotted walls was made. However, as  can be seen in Fig. 16, the 

results were in poorer agreement with the theory than testa 1)and 3 Although 

no measurement was made of the airflow direction a t  the center of the test 

section without the airfoil, it was eurmised from the measurement made with 

two parallel perforated walls (see section V, B) that the jet issuing from the 
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nozzle was not horizontal. If this were the case, the experimental results would 

not be in accord with what was predicted with tRe theory set forth in section 11, 

and the mean boundary conditions would have to be altered to satisfy this case. 

Due to the solid boundary at the bottom wall, the air flow is necessarily 

horizontal and thus symmetrical. in tests 1) and 2) so that the mean boundary 

condition applie e . 
I t  can be concluded f rom these results that if the flow i s  sym.metrical 

and if the stipulation on the size of the slots a re  met (eq. 13) this mean 

boundary condition approximates closely the exact flow phenomenon. 

PERFORATED WALL 

It has been the assumption that the pressure difference across a per-  

forated.wal1 in a test section is  proportional to the velocity in the direction 

perpendicular to the wall, v' in this case. In this formulation of the mean 

boundary condition, i. e. p = K v' , the viscous nature oi the fluid has been 

neglected. Indeed, this mean boundary condition can be derived theoreti c a l y  

by assuming inviscid flow and by recognizing that the perfora!.ed wall  has the 

same characteristics as  a transverse slotted wall, a s  shown by Maeder and 

Wood L1) . 1t has been the belief that although air is  inherently viscous, 

the viscous effects will be predominant only in the boundary layer and the 

mean boundary condition would be a good f i rs t  order app~oxirnation to the 

real  flow phenomenon. 

In the test results obtained, the above assumption was shown to be 

incorrect even to the f i rs t  order, that is,  the visrous effects have to be 

taken into account. Three tests with different test  section configurations 



were performed (see Fig. 6): 

Test 4). A 24-inch chord half Joukowsky airfoil placed on the bottom 

wall 25 inches downstream of the beginning of the test section, top wall per - 
forated. 

Test 5). The same airfoil arrangement as  in 4) but with top perforated 

wall diverged 1.5 degrees. 

Test 6 ) .  Two parallel perforated walls, a t  the top and the bottom of 

the test section, with a 12-inch chord symmetrical Joukowsky airfoil similar 

to that used in 4) and 5) mounted in the center of the test sectlion 20 inches 
Q 

downstream of the beginning of t.he test section. The test results a re  shown 

in Figs. 18, 19, and 20. It can be seen that in all these tests, when the 

pressure difference across the perforated wall i s  zero, there i s  a flow 

outwards. This result has been shown in a previous investigation by Maeder 

7 . If the case of e jet issuing into stagnant air i s  considered, the 

pressure has to be continuous across the jet boundaries, that is the pressure 

difference i s  zero. However, there i s  definitely a component of velocity in 

the direction perpendicular to the jet boundaries, since the jet width increases 

with distance (see for example Schlichting 181 ) The flow with perforated 

wall boundaries i s  analogous to that of a free jet, therefore it cannot be ex- 

pected that the y-direction perturbation velocity vanishes as the pressure dif - 
Ierence across the boundary vanishes. 

In Fig. 21 v' * i s  plotted against - for test 4). It is  seen that the P U 
linear relationship approximately holds in the middle portion of the curve. 

Considerable discrepancy exists in the f i r s t  and the third quadrant of the 
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graph. The data obtained near the beginning of the test section a r e  plotted in 

v' the f i rs t  quadrant and show an almost constant value of - with varying U * 
t 

This may be explained by the fact that being a finite perforated wall, the 

initial stage of the flow is restricted by the entrance section. The flow de - 
flection is small even though the pressure difference seems to warrant a 

greater one, In the third quadrant the points a r e  data obtained near the end 

t 
of the section, a constant &- corresponds to varykg 1. This may again Y U 
be due to the finite length of the perforated wall section. 

The results obtained with the top perforated wall divepged 1.5 degrees 

(test 5) were plotted on the same graph (Fig. 21). It is to be noted that since 

v' the top wall is divergent, the values of - were calculated by 
U 

It can be seen from the graph that the results have the same characteristics 

a s  those obtained in tqst 4, that is, a linear relationship exists between Ls'Q_ 
?' 

I 
and $ for the middle portion of the curve, while a t  the two ends, a dis- 

u 

crepancy exists. It i s  to be noted that the intercepts at a v' 

91 
and - 

U 
axes a r e  different in these two cases. 

The results obtained with two parallel perforated walls (test 6) showed 

aP 
no linear relationship between - and V' at  any portion of tho curve. If, =Y U 
was found upon further experimental investigation that with an empty test 

section, the flow direction a t  the cen?;er of the test section was -1.6 degrees. 

It was therefore concluded that with two perforated walls the airstream issuing 

from the convergent nozzle is deflected upwards about 1.6 degrees. Cal- 

culations were made again by reducing all the flow direction readings by 
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1.6 degrees. These results did not show any linear relationship between 

&?- a n d 2  a t  all. It may be attributed to the fact that with a deflected 
'? U 

airs t ream coming into the test section, the simple analysis no longer holds. 

It can be concluded from these results that a linear relationship between 

v' 2 and - does exist in a portion of the test section away from the two 
?' u 

ends. The linear relationship should be corrected, however, by an additional 

constant. This additional constant cannot be evaluated without going into the 

exact nature of the flow. 
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Fig. 1. Cross-Sectional View of Slottad Wall 

Fig. 2. Distribution of Doublet-Rods along yAxis  
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a. BEGINNING OF TEST SECTION 
b. CENTER OF TEST SECTION 
c. END OF TEST SECTION 

TUNNEL WIDTH = 32 inches I .  - -  - - - -  - - -  

/ 7 DIRECTION OF FLDW 
I -- 
I0 20 30 

INCHES 2 
A . 
m 

Fig. 4. Velocity Dirtribtion in Wind Tunnel Z 
0 



ALL DIMENSIONS IN INCHES 

TOP WALL SLOTED 

m 

TOP WALL SLOITED 

BOTH WALLS SLQTTED 
D 

Fig. 5. Slotted Wall Test Section Configurations 
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Fig. 6. Perforated Woll Test Section Configurations 
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Fig. 7. Arrangement of Perforcfiions 



Fig. 8. Typical Test Arrangement 



Fig. 9. Profile of Joukowsky Airfoil 



Fig. 10. Yewmeter and P r o h s  



ACTUAL S I Z E  

2.5 T I M E S  ACTUAL S I Z E  

Fig. 11. Yawmeter Direction - Finding Tip 
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Fig. 12. Flow Direction and Pressure Difference olong Test Section, Test 1 
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Fig. 13. Flow Direction and Pressure Difference along Test Sect ion, Test 2 
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Fig. 14. Flow Dindfon and Pressure Difference along Test Section, Test 3 
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Fig. IS. Correlation &tween Stroamline Curvature and Perturbation Velocity in x-Direction, Test 1 
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Fig. 16. Correlation Between kreamline Curvature and Perturbation Velocity in x-Direction, Test 2 



Fig. 17. ' Correlation Between Streamline Curvature and Perturbation Velocity in x-Direction, Test 3 



FLOW DIRECTION o 

-8 + PRESSURE DIFFERENCE A 

DISTANCE FROM BEGINNING OF PERFORATIONS, INCHES 

Fig. 18. Flow Direction and Pressure Difference along Test betion, Test 4 
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Fig. 19. Flow Direction and Pressure Difference along Test Section, Test 5 
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Fig. 20. Flow Diredion and Pressure Dittarenee along Test bdian,  Test 6 



Fig. 21. Relation Between Pressure Coefficient and Perturbation Velocity in y-Direction, Tests 4 and 5. 



Cut on dotted line 
Cut on dotted line ------------------------------------------------------------------------.----------- ........................................................................................... 

AEDC-TR57-20 
(Bmrn U. TR WT - 23) 
ASTIA DOCUMENT NO.: 
AD-144320 

Arnold Engineering Development Center, ARO. lnc., 
Tullahoma. Tennessee 

EXPERIMENTAL AND THEORETICAL STUDY OF 
MEAN BOUNDARY CONDITIONS AT PERFORATED 
AND LONGITUD1NALI.Y SLOTTED WIND TUNNEL 
WALLS by C. F. Chen and J. W. Mears, December 
1057. 42 pp. (AEDC-TR-57-20) (Contract No. 
AF 40(600)-677) Unclass ified Report 

8 references I 
A mean boundary condition has been derived for the 
flow of an incompressible inviscid fluid along a longi- 
tudinally slotted wall taking into consideration the finite 
thickness of the slats. The flow was investigated near 
a wall along its longitudinal axla, and the results 
showed that the mean boundary condition was satinfied 
in the middle portion of thie region. 

AEDGTR57-20 
(Bmrm U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

Arnold Engineering Development Center. ARO, Inc., 
Tullahoma, Tennessee 

EXPERIMENTAL AND THEORETICAL STUDY OF 
MEAN l3OUNDARY CONDITIONS AT PERFORATED 
AND LONGITUDINALLY SLOTTED WlND TUNNEI. 
WALLS by C. F. Clren and J. W. Mears. December 
1957. 42 pp. (AEDC-TR-57-30) (Contract No. 
AF 40(600)-617) Unclassified Report 

8 references 

A mean boundary condition has been derived for the 
flow d an incompressible inviscid fluid along a longi- 
tudinally #lotted wall taking into conaideration the finite 
thickness d the mlatr. The flow was investigated near 
a wall along itm longitudinal axis. and the results 
showed that the mean boundary condition was satisfied 
in the middle portion of this region. 

UNCLASSIFIED + AEDC-TR57-2Q 
(Bmwn U. TR WT - 23) 
ASTIA DOCUMENT NO.: 
AD-144320 

1. Slottcd test section 
walls--Flow 

2. Perforated tent rection 
wall#--Flow 

3. Tranmonic teat sections-- 
Configuration6 

I. Chen, C. F. 
11. Mearm. J. W. 

Arnold Engiaeering Development Center, ARO, Inc., 
Tullahoma. Tennessee 

EXPERlMENr1'AL AND THEORETICAL STUDY OF 
MEAN BOUNUAHY CONDITIONS AT PERFORATED 
AND LONClTUUINALLY SLOTTED WIND TUNNEL 
WALLS by C. Y. Chen and J. W. Mears, December 
1967. 42 pp. (AEDC-TR-57-20) (Contract No. 
AT 40(600)-677) Unclasalied Report 

8 references 

A mean boundary condition has been derived for the 
flow of an incompressible inviscid fluid along a longi- 
tudinally dotted wall taking into consideration the tinitr 
thicknemm of the slats. The flow was investigated near 
a wall along its longitudinal axis, and the results 
rhowcd that the mean boundary condition was satisfied 
in the middle portion of this region. 

UNCLASSIPIED - 
UNCLASSIFIED . AEDCTR47-20 

(Brown U. TR WT-29) 
ASTIA DOCUMENT NO.1 
AD.144320 

I 

1. Slotted test section 
walls-- Flow 

2. Perforated test section 
walls--Blow 

3. Transonic test sections-- 
Configurations 

L Chen, C. F. 
11. Meara, J. W. 

UNCLASSIFIED 

Arnold Engineering Development Center, ARO, Dzc., 
Tulkhonrn, Tennemsee 

EXPERIMENTAL AND THEORETICAL STUDY OF 
M A N  BOIINDARY CONDITIONS AT PERFORATED 
AND LC?NGITIlTXNALLY SLOTTED WIND TUNNEL 
W-4LLS by C. F. Chen and J, W. Mears, December 
1857. 42 pp. (AEDC-TR-57-20) (Contract No. 
AF 40(600)-677) Unclaeaiiied Keport 

8 references 

A mean boundary condition has been derived for the 
flow a( an incompressible inviscid fluid along a longi- 
tudinally vlotted wall taking into consideration the finite 
thickness of the mlatm. The flow was inveatlgated near 
a wall along it. longitudinal axis, and the results 
showed that the mean boundary condition was satisfied 
in the middle portion of thia region. 

UNCLASSIFIED + 
1. Slotted test section 

walls--Flow 
2. Perforated test section 

walls--Flow 
3. Transonic test sectiom-- 

Configurations 
I. Chen. C. F. 

TI. Mears. J. W. 

UNCLASSIFIED 

UWCLASSIFIED 

1. Slotted test aection 
walls--Flow 

2. Perforated test section 
walls--Flow 

3. Transonic test sectione-- 
Configurationa 

I. Chen. C. F. 
11. Mearm. J. W. 



AEDC-TR-57-20 
(Brown U. TR I T - 2 3 )  
ASTIA DOCUMENT NO.: 
AD-144320 

The mean boundary condition for a perforated wall, 
derived by Mneder and Wood (Ref. 1). was investigated. 
The rerulte ahowed that the mean boundary condition 
wae not ratimficd a t  either end of the teat eection. In 
the middle portion. the mean boundary condition would 
be entlrfied if it were modified by an additive constant. 

AEDGTR57-20 
(Brown U. TR I T - 2 3 )  
ASTIA DOCUMENT NO.: 
AD.144320. 

The mean boundary condition for a perforated wall, 
derived by Maeder and Wood (Ref. 1). waa inveetigated. 
The result8 ehowed that the mean boundary condition 
wae not eatiefied a t  either end of the teet section. In 
the middle portion. the mean boundary condition would 
be satidied if it went modified by an additive conatant. 

UNCLASSIPIED I 
AEDGTR-57-20 
(Brown U. TR WT.13) 
ASTIA DOCUMENT NO.: 
A 0.144320 

The mean boundary condition for a perforated wall, 
derived by lVIaedtr and Wood (Ref. 1). wae inveetigaled. 
The reeulta showed that the mean boundary condition 
wae not eatimfled a t  either end of the test eection. rn 
the middle portlon. the mean boundary condition would 
be e a t M h d  if it were modified by an additive conmtant. 

UNCLASSIFIED - I -  
UNCLASSIFIED I 

AEDGTR57-20 
(Brown U. TR I T - 2 3 )  
ASTIA DOCUMENT NO.: 
AD-144320 

The mean boundary condition for a perforated wall. 
derived by Maeder and Wood (Ref. 1). wan inveetigakd. 
The result# rhoacd that the mean boundary condition 
wae not eatimfied a t  either end of the teet e e c t h .  In 
the middle portion, the mean boundary condition would 
be matielied if It were modified by an  additive^ constant. 

UNCLASSIFIED + 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 



Cut on dotted line Cut on dotted line 
,----------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------- 

AEDC-TR57-20 
(Bvown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

Arnold Engineering Developn~ent Center, ARO, Inc., 
Tullahoma. Tennessee 

EXPERIMENTAL AND THEORETICAL STUDY OF 
MEAN BOUNDARY CONUI'MONY AT PERFORATED 
AND LONGITUDlNALLY SLOTTED WIND TUNNEL 
WALLS by C. F. Chen and J. W. Mears. December 
1857. 42 pp. (AEUC-TH-51-20) (Contract No. 
AF 40(600)-677) Unclassified Report 

8 references I 
A mean boundary condition has been derived for  the 
flow of an incompressible inviacid fluid along a longi- 
tudinally slotted wall taking into consideration the finite 
thickness of the slats .  The flow was investigated near  
a wall along i t s  longitudinal axis. end the results  
showed that the mean boundary condition was satisfied 
In the middle portion of this region. 

AEDCTRS7-20 
(Brown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

Arnold Engineering Development Center, ARO, Inc.. 
'I'ullahoma, Tenneesee 

EXPERIMENTAL. AND THEORETICAL STUDY OF 
MEAN BOUNDARY CONDITIONS AT PERFORATED 
AND L0NGITUDINALaT.Y SLOTTED WIND TUNNEL 
WALLS by C. F. Chen and d, W. Mears, December 
1957. 42 pp. (AEDC-TR-57-20) (Contract No. 
AF 40(600)-677) Unclassified Report 

A mean boundary condition has been derived f o r  the 
flow of a n  incompressible inviscid fluid along a 10x1- 
tudinally slotted wall taking into consideration the finite 
thickness of the elatn. The flow was investigated near  
a wall along i ts  longitudinal axia, and the results  
showed that the mean boundary condition was satisfied 
in the middle portion of thin region. 

i - 
UNCLASSIFIED I 

AEDC-TR57-20 
(Brown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

1. Slotted test section 
walls--Flow 

2. Perforated teat section 
wah--Flow 

3. Transonic tes t  sections-- 
Configurations 

1. Chen, C. F. 
11. Mears, J. W. 

Arnold Engineering Development Center. ARO, Inc., 
Tullshama, Tenneseee 

EXPERIMENTAL AND THEORETlCAL STUDY O F  
MEAN TSOUNDARY CONDITIONS AT PERFORATED 
AND 1.ONGITUDINALLY SLOTTED WlND TUNNEL 
WALIS by C. F. Chen and J. W. Mears, December 
1857. 43 pp. (AEDC-TR-57-20) (Contract No. 
A S  40(600)-677) Unclassified Report 

8 references . I 
A mean boundary condition ham heen derived f o r  the 
flow of a n  incompressible inviacid fluid along a longi- 
t u d h l l y  slotted wall taking into consideration the finite 
thickness of the slats. The flnw was mwatigated near  
.a wall along ite longitudinal axis. and the results  
showed that the mean boundary condition was satisfied 
in  the middle portion of this region, 

UNCLASSIFIED 4 - 
UNCLASSIFIED 

I 

AEDGTR-57-20 
(Brown ?I. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

1. Slotted tes t  section 
walls --Flow 

2. Perforated test  eection 
walls--Flow 

3. Transonic tes t  sections-- 
Confipurations 

I. Chen, C. F. 
11. Mears, J. W. 

Arnold Engineering Development Center, ARO, Inc.. 
Tullahoma, Tennessee 

EXPERIMENTAL AND THEORETICAL STUDY O F  
' MEAN BOUNDARY CONDITJOM AT PERFORATED 

AND LONGITUDINALLY SLOTTED WIND TUNNEL 
WALLS by C. F. Chen and J. W. Mears, December 
1057. 42 pp. (AEDC-TR-57-20] (Contract M. 
AF 40(600)-677) Ilnclarsified Report 

8 references I 
A mean boundary condition har  been derived f o r  the 
flow of a n  incompreesible invilrcid fluid along a longi- 
tudinally slotted wall taking into consideration the finite 
thicknees of the e h t s .  The flow wpm investigated near  
a wall along i ts  longitudinal axin, and the results  
showed that the mean boundary condition was satisfied 
in the middle portion of thiu region. 

UNCLASSIFIED I I 

UNCLASSIFIED + 
1. Slotted tes t  section 

walls--Flow 
2. Perforated tes t  section 

walla--Flow 
3. Transonic tes t  sections-- 

Configurations 
L Chen. C. F. 

11. Mears, J. W. 

UNCLASSIFIED -I 
UNCLASSIFIED 

I 

1. Slotted tes t  section 
wallu--Flow 

2. Pcrforated tes t  section 
walls--Flow 

3. Transonic test  sections-- 
Conflgurathns 

1. Chen. C. F. 
11. Mears, J. W. 

UNCLASSIFIED t 



AEDC-TR37-20 
( 8 m m  U. TR WT.23) 
ASTIA DOCUMENT NO.: 
A Dm144320 

The mean boundary condition for a prforated wall, 
derived by Maeder and Wood (Ref. 11, was investigated. 
The reeulte ehowed that the mean boundary condition 
was not satiefied a t  either end d the test eection. In 
the mlddle portion. the mean boundary condition would 
be eatiafied if it were modified by an additive conatant. 

AEDGTR57-20 
(Brown U. TR WT-23) 
ASTlA DOCUMENT NO.: 
AD.144320 

The mean boundary condition for a perforated wall, 
derived by Mneder and Wood (Rd. I), wae tnveetlgated. 
The results ehowed that the mean boundary condition 
was not eatfefied a t  either end of the teat eection. In 
the mlddle portion, the mean boundary condition would 
be eatiafied if it were modified by an additive conatant. 

UNCLASSIFIED f AEDC-TR-57-20 
(Brown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD.144320 

The mean boundary condition for a perforated wall, 
derived by Maeder and Wood (Ref. I), was investigated. 
The reau lb  rhowed that the mean boundary condition 
wae not eatlsfied at either end d the test eection. In 
the middle partian, the mean boundary condition would 
be astielied if it were modified by an additive conatant. 

UNCLASSIFIED - I -  
UNCLASSIFIED I 

AEDC-TR-57-20 
(Bmm U. TR WT-23) 
AITlA DOCUMENT NO.: 
AD-144320 

The mean boundary condition for a prforated wall. 
derived by Maeder and Wood (Ref. 1). warn investigated. 
The r e r u l b  showed that the mean boundary condition 
wan not aatiefied at  either end d the teat section. In 
the mlddle portiom, the mean boundary condition wmld 
be eatielkd if it were modified by an additive conatant. 

UNCLASSIFIED + 

1 UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 



Cut on dotted line Cut on  dotted line .................................................................................... ........................................................................................... 

I I 

AEDC-TR57-20 
(Bmwn U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

UNCLASSIFIED 'r 
AEDC-TRS7-20 
(Blown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

UNCLASSIFIED I 

8 references I 8 references I 

Arnold Engineering Development Center, ARO. Inc., 
Tullahoma, Tennessee 

EXPERIMENTAL AND THEORETICAT. STUDY OF 
MEAN BOUNDARY CONDITIONS AT PERFORATED 
AND LONGITUDINALLY SLOTTED WINn TUNNEL 
WALLS by C. F. Chen and J. W. Mears, December 
1957. 42 pp. (UUC-TH-57-20) (Contract No. 
AP 40(600)-677) Unclassified Report 

A mean boundary condition has been derived f o r  the 
flow d an incompressible inviscid fluld along a longi- 
tudinally slotted wall taking into conelderation the finite 
thickness of the slats .  The flow was investigated near 
a wall along i ts  longitudinal axis. and the results  
showed that the mean bwndary  condition was satisfied 
in the middle portion of this  region. 

AEDCTR57-20 
(Brown U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

1. Slotted test  section Arnold Engineering Development Center, ARO, Inc., 

walln--Flow Tullahoma. Tennessee 

2. Perforated test  section EXPERIMENTAL AND THEORETICAI. STUDY O F  

walls--Flow MEAN BOUNDARY CONDITIONS AT PERFORATED 
3. Transonic sections-- AND LONGITUDlNALLY SLOTTED WIND TUNNEL 

Corligurations WALLS hy C. F. Chen and J. W. Mears. December 

I. Chen. C. F. 1857. 42 pp. (AEDC-TR-57-2U) (Contract No. 

11. Mears, J. W. AF 40(600)-677) Unclassified Report 

A mean bwndary  conditlon has been derived for  the 
flow of an incompressible inviscld fluid along a longi- 
tudinally mlottcd wall taking into conmideration the finite 
thicknesm of the slats .  The flow was investigated near  
a wall along i t s  longitudinal axie. and the results  
showed that the mean boundary condition was satisfied 
in the middle pnrtion d this  region. 

1. Slotted tes t  section 
walls --Flow 

2. Perforated tes t  sectiorr 
walls --Flow 

3. Transonic les t  sections-- 
Configuratione 

I. Chen. C. F. 
11. Mears, J. W. 

UNCLASSIFIED I 
I 

UNCLASSIFIED 
I 

AEDC-TR57-20 
fBrown U. TR WT-23) 
~ S T I A  DOCUMENT NO.: 
AD-144320 

UNCLASSIFIED 

UNCLASSIFIED 

8 references 

Arnold Engineering Development Center, ARO, Inc., 
'lhllahoma, Tennetwee 

EXPERIMENTAL Ah?) THEORETlCAL STUDY OF 
MEAN BOUNDARY CONDITIONS AT PEHFORATED 
AND LONGITUDINAI.L,Y SLOTTED WIND TUNNEL 
WALLS by C. P. Chen and J. W. Mears, December 
1857. 42 pp. (AEDC-TR-57-20) (Contract No. 
AF 40(600)-677) Unclassiiied Report 

A mean boundary condition has been derived for  the 
flow d a n  incompressible inviscid fluid along u longi- 
tudinally slotted wall taking into corkideration the finite 
thickness d the nlats. The flow was investigated near 
a wall along i ts  longitudinal axis. and the results  
showed that the mean boundary condition was satisfied 
In the middle portion of this  region. 

UNCLASSIFIED 

1. Slotted test  section Arnold Engineering Development Center, ARO. Inc., 
walls--Flow Tullahoma. Tennessee 

a. Perforated tes t  eection EXPERIMENTAL AND THEOHETTCAL STUDY OF 

walls--Flow MEAN nOUNDARY CONDITIONS AT 12ERFORATETl 

3. Transonic test  sectkm6-- AND LAOKGIT~INALLY SLOTTED WIND TUNNEI. 

Configurations WALLS by C, F. Chen and J. W. Mesrs, December 

I. Chen. C. F. 1957. 42 pp. (AEDC-TR-57-20] (Contract No. 

11. Mears, J. W. AF 40(600)-677) Unclassified Report 

8 references 

1. Slotted tes t  section 
walls--Flow 

. 1. Perforated tes t  sectlon 
walls--Flow 

3. Transonic tes t  sections-- 
Configurations 

I. Chen, C. F. 
11. Mears, J. W. 

A mean boundary condition has been derived for  the 
flow of an incompressible inviscid fluid along a longi- 
tudinally slotted wall taking Into consideration the finite 
thhknesm of the slats. The flow was investigated near 
a wall along i ts  longitudinal axis, and the results  
showed that the mean boundary condition was sa t id ied  
in the middle portion d thi~ region. 

UNCLASSIFIED 



AEDC-TR57-20 
(8mwn U. TR WT.23) 
ASTIA DOCUMENT NO.: 
AD-144320 

The mean boundary condition for a perforated wall, 
derived by Maeder and Wood (Ref. 1). was Investigated. 
The reeulte ehowcd that the mean boundary condition 
was not eatimfied a t  either end of the test section. In 
the middle portion, the mean boundarg condition would 
be satimfied If it wero modified by an additive constant. 

AEDGTR57-20 
(Bmm U. TR WT-23) 
ASTIA DOCUMENT NO.: 
AD-144320 

The mean boundary condition for a perforated wall, 
derived by Maeder and Wood (Ref. 1). war investigated. 
The results showed that the mean boundary condition 
was not eatiefbd a t  either end d the tee! eection. In 
the middle portion, the mean boundary condition wmld 
be satimfied If it were modified by an additive constant. 

UNCLASSIFIED I AEDGTR57-20 
(Blown U. TR WT-23) 
ASTIA DOCUMENT NO.! 
A D-144320 

The mean boundary condition for  a perforated wall, 
derived by Maeder and Wood (Ref. 1). wos investigated. 
The reaulta ahowed that the mean boundary condition 
wag not satimfied a t  either end d the test eection. In 
the middle portion, the mean boundary condition would 
be r a t h f b d  If it wero modflied by .n additive constant. 

UNCLASSIFIED 

UNCLASSIFIED - 1 -  AEDCTRb7-ZO 
(Blown U. T I  WT-23) 
ASTlA DOCUMENT NO.: 
AD-1 44320 

The mean boundary condition for a perlorated wall, 
derived by Maeder and Wood (Ref. 1). was inwetigatad. 
The maulta showed that the mean boundary condition 
was not aatialicd a t  either end d the teat eection. In 
the middle portion, the mean boundary condition would 
be ea tb fbd  iI it wero modified by an additive constant. 

UNCLASSIFIED + 

UNCLASSIFIED 

UNCLAS SlFlED 

UNCLASSIFIED 

UNCLASSIFIED 


