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NOTATION

Angle of atteck of model with reference to chord line
Aspect Retio

Aerodypemic center

Wing span

Fuselage of model

"Ideal® perasite drag coefficlent

"Equivalent® parssite drag coefficlent = CD%«f CDS

Coefficient giving dreg reaction on model due to air
flowing through it

Coefficient giving moment reaction on model due to
air flowing through it

Measure of power used to remove boundary layer = m§§
= Cpg - Cq *

Lift coefficient

Measure of quantity of air hendled per second - §%»

Power supplied to eir passing through Boundery Leyer
Hodel

Flap - & 20% chord split flap set at 45° end covering
prectically the full span except for the fuselage.

Slot in wing - subscript indicates specific slot
Totel head of flow

Anple of exhaust jet to undisturbed velocity
Dynamic pressure in the tunnel during the test
Quantity of air passing through model per second
Density

Reypolds Number



Ve

Wing ares

Mean aerodynamic chord
Undisturbed velocity in the tunnel
Exit velocity of jet

Wing of model



SUMMARY

This thesis presehts & study of the results obteined
with the Boundary Layer Removel Model of the Guggenheim
Aercnautics Laboratory, Californis Institute of Technology
(GALCIT). It is a continuation of work begun here some time
past and, as such, conteins very little in the wasy of historical
review, the origin of the project, preliminary studies of the
problem and experimental technique being conteined in previous
reports.

The attempt, in thisseries of tests, to find a definite
scale effect on the power required to produce & given change in
airfoil characteristics has been somewhat unsuccessful because
the test Reynolds Numbers unfortunately fell in the region of
critical Reynolds Number. There has, however, been some success
in finding the definite mechanism by which boundary layer removel
is effective, & logical explanation being given for the neture
and magnitude of various changes in airfoil charscteristics

incurred by the use of & given amount of suction.



INTRODUCTION

The possibilities of approximating perfect fluid flow
by eome means of boundary layer control heve been under investi-
gation since the introduction of the boundary layer concept by
Prandtl in 1904. Unfortunately, technological difficulties
with the apperatus involved have delayed experimenters and
preventéd the sccumulation of comparable data; with the result
thet conclusions as to the effectivéness of boundary layer
control are es numerocug &8s the number of experiments themselves.
The difficulty in correlating various experiments lies in the
number of varisbles involved. The most importent of these are:

1. Airfoil Section

2. VWing Plan-form

3. Reynolds Number

4. Slot location

5. Slot size

6. Slot shape

7. Cq

8. CDS
The first three of these parameters vary with each experiment,
with the result that correlation, on ordinary bases, is very
unsuccessful, and will probsbly only be esttained through com-
parison of a non-geometrical paremeter, such as the pressure

gradient over the upper surfaée of the wing.



While this confugion as to the quantitative effects of
boundary layer control exists, there is little doubt as to the
qu&litaﬁivevresults obtained., The accumulated experience of
previous research indicates that,in genersl:

1) Removing the boundary layer by suction requires
less power to produce a given effect than accelerating it
with a jet.

2) Thick wings permit greater improvement through
boundary layer control than do thin ones.

In the case of boundary layer removals

3) Slot size and shepe is unimportant except in determining
the amount of power required to move the air.

4) A single slot is more efficient than multiple slots.

5) The optimum slot location is from 40% to 70% of the
chord.

8) The general effects of applying suction are an increase
in the maximum 1ift coefficient, an increase in the slope of the
1ift curve, and a decrease in parasite drag of the wing profile.

With these results in mind, tests have been made on the
GALCIT model in an effort, primarily, to obtain high 1ift
coefficients. The comparison of our most recent results wita
those obteined by others is shown in Figure 3 and, taking into
sccount the variation in wing sectlon and planform, indicates

fair success.



EXPERIMENTAL PROCEDURE

DESCRIPTION OF HODEL
The GALCIT Boundary Leyer Model, as tested, represents

the wing and fuselage of a high wing mounoplans. Its general

appesrance is shown in the photeographs.

The air which is removed from the upper surface of the
wing and drawn down through the hollow wing,is exhsusted tarough

the tail of the fuselage.



The wing of the model is constructed of & channel-shaped
aluminum slloy casting to which a copper sheet, forming the
upper surface of the wing, is fastened. The slots, through
which the air is sucked,are cut in this copper sheet and are
located as shown in Figure 1. Slot Gz is élaced at 70% of
the chord and is .R1" wide while the second slot tested, Gys
is .25" wide and is located along the 43% chord line. It should
be stated here, for the benefit of those who may conduct further
experiments on this model, that, as the model is now constructed,
it is not possible to cut a slot between the 43% and the 65%
point, due to a steel str%nger under the copper sheet. If &
slot is desired in this region it will be necessary to replace
the upper surface of the wing with a new copper sheet. The
trailing edge of the wing from 70% of the chord aft is made of
wood as are the wing tips. .

The dimensions of the wing are as follows:

Span 8 ft.
Aspect ratio 8.69

Area 7.%36 sq. ft.
Mean Aerodynamic

chord 11.02 in.
Taper ratio 4 to 1l

The wing profile is shown in Figure 2
The circular fuselage of the model houses a 10 H.P.
induction motor in front of the wing, connected to a two-stage

axial flow fan located behind the wing.



The motor speed 1s controlled by a varisble frequency set and
speeds up to 18,000 R.P.M. are available. Pressures within the
model are obtained through two piezometer rings, one located
in front of and the other just behind the fan, and a pitot-static
rake located in the exhaust jet in the tail of the fuselage.
The difference in the static pressures at the two piezometer
rings gives the pressure rise across the fan, and the pitot-static
rake gives the average velocity in the exhaust and has been
calibrated to give the guantity of air paésing through the model,
(See reference 2 for the details of this calibration.)

The model is rigged in the normal fashion for the GALCIT
tunnel except that the counterwelght wire is replaced by a
streamlined strut which carries the electrical and pressure

leads out of the tunnel.
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DESCRIPTION OF TESTS

The procedure in making the various test runs was as
follows:

Holding tunnel speed constant, the blower power was
adjusted until a given quantity of air flow, as measured by
the pitot rake, was obtained. The model was then set at
various degrees of incidence, the air flow being kept constant,
and the normal balance readings taken for these angles. This
procedure was repeated for various blower powers at the given "g"
and then the entire routine was repeated for each of the other
tunnel speeds tested. In addition to balance readings, the
static pressures in front of and behind the fan were also
recorded.

The first few runs attempted disclosed the faet that one
wing tip stalled approximately four degrees before the other
without suction and six degrees with suction., This undesireable
condition was finally eliminated, sfter an appreciable loss of
time and & long series of tuft runs, by the discovery that the
offending wing tip could be improved if the leading edge were
made more blunt. A symmetrical stall was finally obtained by
building up the leading edge of the bad wing tip with balsa wood,
Durotite and paint. From this point on the tests ran quite
smoothly, except for two bearing fasilures which not only reduced
the amount of testing time, but also increased the apprehension
of the operators, with the result that runs were made as quickly

and with as few "extraneous" points as was thought feasible.
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The configuration, WBGz, was first run at q's of 35, 25,
15, and 7 GMS/CM2 without and with various amounts of suciion,
up to the maximum obtainable at each q. Next a 20% split flep
was added and a series of suction runs mede at a q of 7. Slot
G4 was then cut in the wing and, Gz being covered with cellophane
tape, a similar series was run. The final group of runs, intended
to indicate the effect of slot configuration, was made at a constgnt
CQ and q = 7 and included different arrangements of the two slots,

made by taping over various portions of each.



DATA REDUCTION TECHNIQUE

Removing the boundary layer required the use of two
new parameters: CQ, the quantity coefficient, and CDS, the

power coefficient. Thelir defining equations are:

Cq =Lg
ST

Cpg = E_.
S q VS

Where @ = Quantity of air handled per second

E = Power supplied to air.

V = Tunnel or free stresm velocity

e
]

= Dynemic pressure

wm
1

Wing area

£= R(AH) and since for the GALCIT model
AH is measured directly as & pressure drop, 24 plus the
dynamic head corresponding to exit velocity (neglecting duct

losses.) =)
=7 = CQ(%* ‘?:)

Thus Cg is a non-dimensional measure of the quantity of air
removed, while CDS is a measure of the energy supplied to the
air, giving no indication of the actual blower power required.
'Assuming that the blower operates at the same efficiency as the
propellor; it can be shown¥* that the total drag will be a
minimunm if zg = 1. Thus the "ideal"™ power coefficient is defined:
Y, - Q=) = Gi+G
In additioﬁ to these parsmeters which are general for any

boundary lsyer control model, the GALCIT model requires the

# See Reference 9

=
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application of certain corrections. The forces measured by

the balance system include the drag associated with the intake

of a certain quantity of air, and the thrust associated with tae
exhaust of the same quantity at a different velocity. The drsg
increase due to the intake of a quantity of air Q at tunnel
velocity V is pQV. Similarly the exhaust thrust is pQVe. Taking
into account the inclination of the exhaust jet to the free
stream veloelty, the increased drag coefficient, due to the

flow through the model is:
PRV~ o Q¥ cos &

C;éc 2/(0 yres
G = 2Co (/- % cose)

Subtracting this quantity from the measured psrasite drag gives
the "ideal" parasite drag of the model which would correspond
to the measured perasite drag if the thrust term in the above
equation were equal to the drag term. Thus:

G = Copmmsieno ~ o~ G
Since now CDP is normally a measure of the power required for
level flight, it is convenieat to define an "equivalent" profile
drag which includes the power input to the blower.

CDp = CDp+Cdg

CDP now corresponds to the flat plate area normslly aésociated
with performance estimates.

The moment correction due to the eccentricity, e, of the

exhaust jet about the reference point is obviously given by:
My= epQle

AC:{E = qgg_lé = c’?C}, e
z’/oV‘?\S(‘f €

ANAN



The sign of this correction depends on the sign of e, e being

measured positive along the positive Z axis. Then:
C:,/ = C‘MMEAS vess 4 C;”e

The pitching moment thus includes the "sink" effect of the

intake.

r=z
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DISCUSSION

The mechanisms by which suction on the upper surfece of
e wing improve its aerodynemic characteristics are the following:

1) Superposition of the flow due to & sink on the normel
flow pattern of the airfoil.

2) Introduction of a favorsble pressure gradient on the
upper surface of the wing snd the consequent decresse in
boundary layer thickness, and

%) The approach to idesl fluid flow because of the
decrezsed boundary lasyer thickness.

These effects account for the general results observed in this
as well as other experiments. These sre, as mentioned before,
en increese in maximum 1lift, an increese in slope of the lift
curve, & decreese in drag, and a stebilizing effect on wing
moment. The purpose of the following gections is to discuss the
observed experimentel results in the light of these effects.

1. LIFT

Because of the similer nature of 21l the experimental 1ift
curves it is advisable to confine the discussion of the effect
of suction on 1lift to the case of slot Gz at 8 q of 7 gms/cmz.
This series is altogether typical and covers the widest range
of Cy's. A study of the 1lift curves corresponding to this con-
figuration, (Figure 4) shows that, contrary to expectstionms,
stall with suction occurs et epproximately the same angle of
attack as stall without suction. This result is contrary to

theoretical considerstions which indicate that, with the introduction



of & favorable pressure gradient, separation should be deleyed
and the stell should therefore occur at & higher angle of attack.
This discrepancy is due, the authors feel, to the employment

of such a highly tapered wing and the tendency of such wings to
tip-stell; a tendency which was not removed by the application
of suction, as revealed by flow investigation with tufts.

Tthe increszse in meximum 1ift coefficient is thus due
entirely to the increase in slope of the 1lift curve and the
change of angle of zero 1ift with suction. The increased slope
of the 1ift curve with increasing suction mey readily be accounted
for by considering it a manifestation of the approach to perfect
fluid flow. Thus, as is to be expected, & greater suction,
because of its correspondingly greater decrease in boundary layer
thickness,results in 2 closer approximation to the ideal slope
of the 1lift curve. Considering the two extreme cases observed,
end baging wing efficiency-factors on the theoretical gg of a
thick infinite AR wing®*, the wing efficiency was increased from
70.8% for the case of no suction to 88.6% at a Cg = .0189; the
corresponding efficiencies based on the normsl "ideal" slope of
27 are 80 and 102% respectively.

To account for the change in the angle of zero 1lift requires
& consideration of the superposed flow due to a sink. The
theoretical 1ift due to & sink** located x distance (measured in-
chord fractions) aft of the midpoint of & wing ie independent

of angle of attack and ig given by

43(;':,‘2c%)7/—4£r2
/-2X

For slot Gz (x = 20%) ~— &G = 3.08 Cq- Thus, at angles in the

* Ao = or (1 +.77 %) where‘% < average thickness ratio = 18%: Qo =

*% See appendix I
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neighborhood of zeroc 1lift gwhere variations in slope of the lift
curve will not distort the picture,) the increase in CL should be
linear with the increase in Cg. The curves under exemination
show this to be approximately the case if consideration is not
given the base run (CQ =0) and only increments in Gy accounted for.
The relstively large increase in 1lift caused by the first application
of suction may be explained as follows:

with no suction, the rear stegnetion peint of the airfoil
. is not at the trailing edge but,because of the thick boundary
layer existing &t the rear of the section, is actually some
Gistance in front of it on the upper surface of the wing. The
first action of suction is to move this stagnation point aft a

distance § (in % chord), thus, increasing the 1ift by
AC=0L7T)S
If, as is the case in going from Cg = 0 to Cg = .0083,4G.= 045,

atd =-2°, then S = 1.3 x 10°¢, & result which appears altogether
reasonable.

The increase in 1lift coefficient (for WBGz from 1.20 to 2.10,
for WBGzF from 2.12 to 2.80) is thus sccomplished, for the most
part, by en approach to perfect fluid flow, as evinced by the
movement of the rear stagnetion point toward the trailing edge
and the increase of circulation for a given angle of atteck; a
minor effect is produced by the superposition of the flow due to

a8 sink

* See appendix I
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2. MOMENTS

The same mechanism should also account for eny chenges in
wing pitching moment, and & consicderation of Flgures 4, 10, 13,
in the light of an anslysis similer to the preceding one shows
this to be the case. A study of Figure 12 shows that the appli-
cation of suction has increased the stability of the configuration
by 5.5%. At the same time, it appears that the instability of
the wing slone sbout the gquarter chord peint of the M. A. C. is
64, thus plecing its serodynamic center at the 194 chord point.
This a.c. seems rather far forward when compared with ordinary
experimental results in the neighborhood of 23 to 24% for wings
with no sweepback, but it does not appear unlikely in view of
the generally bad charscteristics of the wing alone ag indicated
by & "normsl® wing efficiency of but;éo%g Eliminating the
dé~stabilizing effect of the fuselage, the effect of suction on
stebility corresponds to a shift in a.c. from 13 to 24.5%.
This increase in stebility is the direct result of the decrease
in boundary leyer thickness and the resulting approach to perfect
fluid flow, the a.c. for an airfoil in en ideal fluid being, of
course, at the 25% point of the M. &. C.

To account for the shift in moment at zero 1ift, the
moment due to a movement of the rear stegnation point as weil

as the moment due to & sink should be examined. If we consider

the two configuration WBGg and WBGy (Gz taped), the theoretical



1lifts and moments due to & sink for the two cages are:
WB65 WBGy4

C, = 3.06 Cg Cp = 1.74 Cg
Cy .. = 1.30C
M o Q

o fu

Oy og = 1.22 Cy
If, now, we assign any experimental increase in 1ift, greater
than the above values, to a shift in the rear stagnation point
and calculate the effect of such a shift on the moment at
zaro 1ift, then add to this the moment due to the sink, we can
hope for reasonsble correlation with the observed data. The
moment, sbout the 25% point, due to & shift in the rear stagnation

point which gives a 1ift increase, ch’ is CMS = - EEQ*

Tabulating for the two cases from Figures 10 and 13.
WBGx Q=7

Cq CL 8.06Cy Cpg CMS 1.22 Cq Oy CM

exp.
.0187 .085 .058 0287 -.0067 .0230 .0163 -.0040
0125 .065 073 027 -.0067 L0152 .0085 -.0070
.0083 045 .018 27 -.0087 0077 .0010 -.0100

WBG4 q - 7

c o 1.74 C c 1.5 c C

q Lexp. @ g Ws 9Cq Yote. Mexp,
.018 L0682 .0%2 0%  -.0075  .02%4&  .0159 0150
.012 043 020  .023  -.0087  .0L158  .0099  .0100
.006 .0%2  ,010  .022  -.0085  .0078  .0023  .0045

Comparing the last two columns in each table shows that, while

the actual magnitude of the calculated Cy's does not in both cases
agree too closely with observed values, the differences in going
from one CQ to another are quite comparable and altogether within

experimental accuracy. It appears, thus, that the foregoing analysis

#* Bee Appendix I -

/e
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provides & suliteble explanation for the magnitude and direction
of the changes that cccur in the 1ift and moment curves.
Z. DRAG

A consideration of the drag curves, Figures 14-19, shows
thet the so-called "ideal parasite drsg" decresses with increasing
CQ. This result is to be expected in view of the decreased
boﬁndary layer thickness, and the resulting decreese in skin
friction, associsted with &n increase in suction. The equivalent
parasite drag (i.e. CD%*'GDS) ig, however, in every case increaced
with suction, although Figure 24 indicetes the possibility of a
minimum occurring at some high Reynolds Number,
4. EFFECT OF SLOT LOCATION

Figures 12, 18, 20, showing the effect of slot location
on three-component and paraesite drag date, clearly indicate
the superiority of the single slot Gz over slot G4 or any
combinations of slot Gz snd G4. Not only is this slot superior
in the effect produced by a given smount of suction, but,as
indicated by Figure 21, requires lese power for a given quantity
of air removed.
5. BCALE EFFECT

The majority of the runs made in this perticular series
of tests were made with the purpose in mind of finding the
veristion of the effects of suction with Reynolds Number. It
appears,from the results obtained,that a glven effect can be
accomplished st a high Reynolds Number with a lower expenditure

of power than st & low Reynolds Fumber.
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Consider Figure 22 showing the variation of the increment
in maximum 1ift coefficient with CQ for various Reynolds Numbers.
The individusl curves have the characteristic shape of all such
plots, the curve for a q of 7 indicating the limit of useful CQ'S
has slready been reached. The significant feature of the family
is the shift to the right of curves of the lower Reynolds Numbers,
indicating that a given effect requires increased suction for
decreasing Reynolds Numberg. A cross-plot of this curve, shown in
Figure 28,1indicates more specifically this variation. As can be
seen, there is a very considersble scale effect which is however,
questionable in the range of Reynolds Numbers technically important.
The family indicates that,for a given 1ift increment, the required
quantity of air removed and hence the power required (see Figure 21)
drop steadily with increasing Reynolds Number, in the range tested.
Extending these regplts to any Reynolds Number beyond test values
is very questionable snd little if any attention should be peid
to the dotted extensions of the solid line.

The same procedure was followed in an attempt to determine
the scale effect on the "ideal® parssite drag coefficient CD;
with much the same results. It was found that the available
date indicated & very sharp decrease in power required to affect
a given percentage decrease in drag with increasingbReynolds
Number. Unfortunately, the drag dates obtsined was rather meager
and, further, was entirely disqualified for any Reynolds Number
extrapolations by the discovery that the wing was in the trensition

region, as shown in Figure 25.



This lack of any reasonable Reynolds Number extrapolation
of drag results makes the problem of evaluating the possgible
ntility of suction in flight rather indeterminate, since any
conclusions will vary greatly with the sssumption made &s to
the power required to produce & given effect. The question of
performance with suction is thus left weiting for want of more
reliable drag data. It is the expectation of the authors to
obtein such date very shortly by induecing artificisl turbulence
in the winé tunnel*, thus avelding the transition region which

is so troublesone.

* See Appendix II
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APPENDIX I

CALCULATION OF LIFT AND MOMENT DUE TO A SINK ON THE UPPER
SURFACE OF A THIN AIRFOIL

Trensforming the sirfoil in the z plane to a circle

in the ¥ plane with the ususl Joukowsky transformetionk#, z= £+ —Z—Z.

where & = Z’ and placing a sink, 20, at r-ae’® and e source,
G, at the origin, the potentisl function,f) mey be written:

50: gfz_oe/' —-EO;_z_oe [/‘24- Ozazarcos(e-oa_)/ : @
Then the radial velocity on the boundary, -% A

r = a, is given by

2.

[ Sa-2acosce L)
= zZmla 2a2-2agzcos(E-15)

and the circle is thus a streamline.
Hence the problem, as pictured sbove,

represents the potentisl function for a

thin airfoil with a net sink strength, Q, on the upper surface
at a distsnce s behind the mid-point of the airfoil. ( ?5/_:2= cos~d)
LIFT INCREMENT

At ©= o, corresponding to the trailing edge of the

airfoll, the tangential velocity is given by:

K] = M _ Q@ 22 sinv(e-9) _ 9 swrt
o0 e-0 =Za Zaz-ZQZCos(e-zﬂ)e o Zra /-cos:2

Assuming the Kutte condition st the trailing edge, this velocity
must be cancelled by the velocity due to an increased circulation,

/, whereby, equating these velocities:
e = @ Sias KL

oA

Zra E7Q /- cosSE

and the increment in 1ift coefficient becomes

A Cz = ﬂl/f' = 20 ‘Sm./qﬂ-
Cev3c Ve j-cos

ACZ = C J/n;/vo‘

/-—Co.$vo-
# See any Standard Reference on Hydrodynamics




MOMENT INCREMENT

From vortex sheet theory the local circulation in the
reel plane, (x) , is given by ¥7x)= 24 (), Transforming the
velocity in the ¥ plane to the z plane, K= e and

Esms G
substituting in the moment equation:

AL = J//‘77k)x.a99

where M is measured positive counter-clockwise sbout the mid-point.

7 ‘
A= pYe Sa(0-8)  PacosO Pasn/Ode
27a, /-cosce-2) St &

= V@c[us‘ﬂ/l_oé//t:‘:;‘z _2}2_.77.5/;\/«/0—-'25/”24%/

Thus the increment in moment is:

A C—‘M = EQ cos 2 Loe[/+cosva' 2}2 77 sl — 25/.\/‘1}1]
. 7

—COS

NUMERICAL VALUES:

For 70% slot: s = .20c

. «20c
COS/vo' - 7@ .400

i

sin-% = .91e

ACE -__.Q. sinJ = 1.53 Cg &
~COo8

A0y :_?_g_,(-s.oz) = -1.60 Cg
ST
Trensferring to guarter chord point:

ACy = 1.22 Cy (Positive sign now corresponds
RS to stalling moment)

For 43% slot: s = -.07c
A= =:07¢ - -
cos c/E‘ 140
sin.d = .990
AC _ X
L '”g" s&Sln&‘ 0.87 CQ‘Z

ACy = Wg (-4.78) = -1,51 Cq

Transferring to quarter chord point:

ACy o = 1.30 Cg



CHANGE IN LIFT AND MOMENT DUE TO A SHIFT IN REAR STAGNATION
POINT

From two-dimensional wing theory:

C, = 27 sin(a+3) where of is the angle of attack and
(3 is the angle in the ¥ pleane which corresponds to the

position of the rear stagnation point
. = - 7
.os” T -

Assuming & small change in the location of the stagnation

point corresponding to Aﬁ

ACe = 2'/7‘Aﬁ
20y = - '/75 4P
- CLg —aCp
whereby: A = -7 AV 2 S
g 2 %7 4

To find AC :
S
A8, the shift in the stagnation point, is given byt

A8 - = (1 -cosa Let 48 =
= ( (3) 8- 2

100
cosAp =1 - -fgg—
S
i = - _ .48 -
smA/B {l (1 100+%2) = zlzg
Thus

ACp = 2T 28 = 47s
5 10



APPENDIX II

Several months afiter the completion of the previously
deseribed tests,which constitute this thesis, the authors were
again able to put the boundary layer model in the GALCIT
wind tunnel. The primary purpose of these tests was to get
the model out of the transition region by introducing artificial
turbulence with a grid. This was desired so thet the drag data
might be extrapolated to full scale. The grid was made of 1/8%

rods spaced 3/4" apart and rigged in the tunnel as shown in the

photographs.

Previous tests with this grid in the GALCIT wind tunnel® showed
that the best location for the grid was as close to the wing as
possible up to approximetely 101" in front of the lsading edge.
For this reasson the grid was rigged sbout " in front of the
fuselage or 123" ahead of the centéer of the wing,which was as

close to the wing as was possible.

#* See GALCIT report No. 113



A normel Reynolds Number series of rung was made with
no suction and both slots taped. The results ars shown in
Figure 26, and it cen be seen immnediately that there is still
a reverse Reynolds Number effect and,also,that the drag coefficient
is extremely low. There are several reasons which mey account
for the unusual drag data,

1) The tare drags for the model with the grid installed
are not accurately known.

2) There was not sufficient time to calibrate the tunnel
with the grid in place and g may be appreciably in error.

3) Since the fuselage was so close to the grid, the
stagnation pressure which would normally act on the froat of the
fuselage was taken by the grid and the fuselage was essentially
in dead air behind the grid. This undoubtedly accounts for the
low Cp obtained..

An attémpt to correct for the reduced g behind the grid
was made by comparing the slopes of the lift curves at various
q's with and without grid. These curves are given in Figure 27.
It is immediately seen that the change in slope i3 the same at
each q. Thus if the drag curves were corrected from this data
the same increment in CD would be added for each g and thers
would still be a reverse Reynolds Number effect.

One run was made with suction on WBGS, st q = 7 and
CQ = .020, with the grid in place. The maximum iift coefficient
was 1.7, as compared with 2,11 for the same case without grid.
The decrease in drag due to suction was approximetely the same as

the case for no grid.



The authors feel that if any further attempt is to be
mede using a grid, the grid must be located several feet in
front of the model, a tunnel calibration must be made with the
grid in place, and tae tare drags must be determined more

accurately.



