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SUMMARY

A general review of the investigation of the thick-
ness of the boundary layer and the location of the
transition point on an airplane wing in free flight that
have been published to date is presented, along with some
af the conclusions that have been reached from the results
of the investigations.

The development and design of apparatus Tor the
experimental determination of the thickness of the
boundary layer, and the l@éétidn of the point of transition
from leminar to turbulent flow in the boundary layer which
can be readily attached to the surface of a metal airplane
wing is described.

Also the method and technique developed for record-
ing the dats and the interpretation of the test resulis

are degeribed in detail.



THTRODUCTION

‘The present investigation and development was started
upon the suggestion of Nr. Arthur E. Raymond, chief enginser
of the Douglas Alrcraft Company, and becausé of the interest
created in the subject by the Wright Brother's Lecture
presented before the Institute of the Aeronautical Sciences
on December 17, 1938, by Professor B. lelvill Jones of
Cambridge University, Zngland (Ref. 1).

Bveryone associsted with ssronautics is cognizant of
the gensral knowledge concerning the subjeet: that the
resistance to motion of aireraft moving through the air,
arises chiefly from the friction developed between ths air
and the exposed surface of the moving body. This skin
frietion, is developed in a relatively thin layer of air
immediately surrounding the exposed surface, and the air
flow in this "boundary layer" can take one of two Torms,

8 smooth "laminar™ flow in which there is no mixing or
interchange of momentum between the laminar layers, or a
Tturbulent™ flow in which there is mixing and interchange
of momentum between the layers.

The flow in the boundary laver 1s laminar over the for-
ward portion of the exposed surfece, changes to turbulent Lflow
over & comparatively short distance known as the "itransition
reglon,™ and remains turbulent over the after portion of the

gsurface. The friction associated with the two types of
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TEST PROCEDURE

There ere three methods generally used for detecting
transition from laminar to turbulent flow and determining
the boundary layer thickness. These methods are: (1) the
hot-wire method, (2} measurement of velocity gradients at
the surface, and (3) measurements made in the boundary layer
with small total-heed tubes.

The first method depends upon the variable cooling
effect of eddying air currents upon a small electrically
heated wire placed in the airflow. The varying current
produced by the changes in resistance can be amplified, and
by means of an oscillograph the velocity fluctuatlons can
be studied. The apparatus required for this method is
delicate and of such size as to make its use difficult in
free flight experiments.

The second method depends upon measurements of the
veloeity distribution along & number of normals to the
surface of the wing with a small total-head tube. This
method can be used in free flight experiments, but the
process is tedious and laborious as many readings at various
wing cehord locations must be meade. Gharaeteristia velocity
distribution curves obtained by this method are shown in
Figure 5. It will be noted that the slope of the curves
at the origin veries according to the distence of the test

section from the front stagnation point. As the distance

- 11 -



aft increases the slope decreases, until a position is
reached when, over a comparatively short distence, it undep-
goes a mearked increase in magnitude, indicating that the
velocity of the air naarest the surface hes been increased.
This point is ealled the transition point. The increased
velocity is due to the mixing and interchange of momentum
between the layers of the turbulent flow. Hence, the
velocity of the air nearest the surface is increased by
being mixed with higher velocity air from the upper layers,
and likewise, the velocity of the outer layers is decreased
by being mixed with the slower moving air from near the
surface.

The third methed depends upon the characteristic
noted in the discussion above: that there is a local increase
in velocity in those layers lying nearest the surface in the
vieinity of the transition point. To determine transition
it is only necessary to move & total-head tube along the
chord of the wing &t a fixed distance from the surface. A4
plot of total pressure against distance along the chord will
exhibit characteristics from which the transition point can
be determined. Depending upon the distance of the tube from
the surface of the wing, this curve will display somewhat
different trends, as explained below.

Typical velocity cross=sections just before and after

transition are shown in the left-hand diasgram of Figure 6.
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As 1t was desired that all data be recorded by means
of a motion picture camera, the instrument was limited to &
maximum size of 15 x 20 inshes. This necessitated the use
.of & manometer fluld of greater density than is usually
employed and one that would not attask the rubber Tubing
used in the construction of the manometer. It was found
that a sixty per cent solution of zinc ehlaridé having a
specific gravity of 1.5 was satisfactory for all pressures
except the exploring static pressure. Rather than sacrifice
aceuracy by using fluid of a greater density than 1.5 for
all the pressures, & separate four-tube manocmeter was
constructed using Telegage fluid with a specifiec gravity
of 2.8 to measure the static pressure along the wing. The
two ouber tubes were connected to the aircraft pitot and
one other tube to the static bomb to give a reference line
from which to measure the exploring static pressure. The

instrument panel is shown in Figure 16.

- 18 -



2e

Jones, B. lelvill: TFlight Experiments on the Boundary
Leyer. Journal of the feronautical Secilences, Vol. 5,
No. 3, January 1938.

Cuno, Otto: Experimental Determination of the Thickness
of the Boundary Layer along & Wing Section. N.A.C.A.
Technical Memorandum No. 679. From Zeitschrift fir
Flugtechnik und lMotorluftsehiffahrt, Vol. 23, No. 7,
April 14, 1932,

Stiiper, J.: Investigation of Boundary Layers on an
Airplane Wing in Free Flight. N.A.C.A. Technical
Vemorandum No. 751. From Luftfahrtforsechung, Vol. XI,
Ho. 1, May 15, 1934.

Dryden, H. Le.: Air Flow in the Boundary Layer near a
Plate. N.A.C.4. Technical Report No. 562, 1956,

von Karmen, Th.: Skin Friction and Turbulence. Journal

of the Aeronautical Sciences, Vol. 1, ¥o. 1, January 1l934.

Simmons, L. F. G., and Brown, A. F. G.: Experimental
Investigation of Boundary Layer Flow. A.R.C. Reports

and NMemoranda No. 1547, November 1934.

- 19 =



25
S -

2.0
UppeR /
5(/@6;«67
15 §
/O v

WLowere Sverace

25 f
J' Expfza/{rvrﬁ
~ 2.
- 2.0
/
s / THECR Y
4 "l/
o
O 2 “# Ke) & LO

p )




D20
oS \\
G —
.00 T \ \ Za
- .25
Q\Q\\§ _
s — | ———— | .8
: T—————____ [ ~./0
-0
o
Fige o
.
/£2
'Qc//o‘
o | 5 s
L0
) RY CE
C;. \;M, R LA
.8 ~
Lon/é&:/b
SvREACE
.6 /_\6
A 4 \
/ \
t/'C: /8
2
o 10




L0

DISr EROAM NDSE » 16 /

v ]
Us /‘Zﬁ/-‘
.5 A
o .05 SO
0/57.4/\/05 Feo/w SurrFAck - in.
Flg, § Ve r distrid i i
vions
|
| Z’éANJIr/OAT
LANINAR REGION | TORBULENT
1
\ Yoa
: ErY
("—“——_‘—_ U
| { A
l |
A i
LANINAR ! |
TvRBuULENT I ; 8
I l
| C
< < [ f
1777%/ 7, //77%7// 4 } }
| |
I |
| l
l
{ |
AL, % U,

TRANI ST 10N FPT°
DOrsrance Acons Wi LROFILE —pm




i @42
» w0 fop 00 et
D O 40 o
w1 @6t 42
(RN 1
o I N g &
Rl I
[T S R I 4 B
e I
00w o
6] £ ot

Amecrearr Lrror

Susoennes Srarse

Exrrorinveg Prror

2N S pE Dl
LR S
2 O W et (1)
1 @ w M
o [\ RS £ R I
© 42 @ ! E
+3 =W
43 L0
P b @O e
£ B N g B
~ 3 =t
I I
(el et By @
SRR e I
s IV
[ i B
w2 @ W
£ ®

20 o

LEXPL ORING STATIC

S G i
© EE I ey




< —
’—’;" I\ : T~ 0.17" o 23m
el / T
| \ ! N \{
! 04 £ E Y 2 ’ I \
;%3322525 op | \\\\\ |
‘ ) l \ a3
I ' l |
l | e R
’ . ‘ L 0z
’ ~~~~~
] Jrean) 3170 % -
| PoIn / o
l 1
— | L L e e ] .
Io) .2 & .6 & 10
xX/c
#ig, 8 Diagram explaining nethod of determining

the boundary layer thickness and profile.

£O
b A
Fd 2
ZpY ///, NE
.8 4
.6 —
Lisr. oF Jusk
/\‘&"Rcﬂ SURFACE =.06
&
ReZ}
2 \
\ SUﬁFACE2
o
-4 -4 N & /0
C

Fige 10 Variation of %o e
as recorded by pitot tubes Tixed to wing.



SUFLE S Rt S

it

P.

/7 RE

c

GAL




N

Figure 11



gure 12

)

3 4



Figure 13



L NUT=6-32 ! 1-Z51-10-2)
o-zszzo BOSTON WORM 3 ! 1-2-f3 -~

—G-d97 /8 FAFNIR K64 BS.
1232

N\ =286 4D
\\Afy 960 -10

‘I A=251-17 .

e if= 250270

ASEMBLY O MOTOR SHAFT. IDLER SFROCKET ASSY

MOITING ORI Al

L

] ﬁpw -

RS

-

/gﬁ'_l;’r[ WA

i 723& XS RB D .zaﬂya

G20/ i
el TRkl

¥
N

[=EE 26~ P g
gz =5 ="

|
|
i,
i

OLTER: /HE I A33Y

\\ “NUT 6-32 ) ANT60-£16
K\ ~DANFO-7 | s-25/-8-
/ ~4-251-8-0 b 2v-8-0)

L(D1 5 NOT REQURE 6-72NJ7 % ANFO-7)

ANWNE
' IQUTER iVHEEL R3S USING
A e \/228/ -8-@) W ALACE OF 1-27-80)
f
i
i
]

|

NOTE: ALLICRIWS & v/ SIS M SPECIFIED RS 1052

ST Fig 14
e i AN/ ammt ek,

5-7-28 X/ FULL SCALE

waAVARISL mioen  [neay vaserE sgarrenss | ousesed l”*"u saasusn




W R 135D |

’ ~N 0
”F“ ‘

|

{ f

! f

\ 1

!

$-=25/ -0 | \

/=251-45

FASTEN CONNECTING TUBES HERE. =.

INSERT_PITOT TUBES HERE { - - T |

' , i

T\ . » |
} [-25/-3%-2) { :
L & INSERT LOCK '

y Ve PROTRICEN [ o

| 2-251-37-@

LLOWED
1 /o235 T
3 f
1
A
/- LOCK _ALL NYTS {
0-251-36 _FAFNIR K5-A
ELG L
Pyittie s.S.| \ e 2
SECTION_A-A §-1#-38 ™ FULL SCALE
EMBL | EAYRMAL: Ll S Hl" FREAT| PRAFTOMAN: CHESRED APPROVED CNEINETR
' ONAUTICAL PITOT ARM 3-25
LABORATORY - D/ "50
CALIFORNIA INSTITUTE OF ASSEMELY
. TECHNOLOGY . NAME DRAWING NO




Figure 18



