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FULL-8CALE-TUNNEL INVESTIGATION OF THE PRESSURE

DISTRIBUTION OVER THE TAIL OF THE
P-4 7B AIRFLANE
By Riehard C. Dingeldein

INTRODUCT ION

At the request of the A*my Air Forces, lMaterliel Command,
measurements were made of the pressures on the tail surfaces
of the Republic Aviation Corporation P-h?B alrplane in the
NACA full-scale tunnel, The pressures were measured over
the herizontal and vertical tail surfaces for several airplane
angles of attack and angles of yaw and with numerous control-
surface deflections to provide a check on the design loads.

This report shows the distribution of the tail normal
force between the fixed and the movable surfaces, the effects
of yaw and rudder deflection on the normal forces on the
horizontal tall surfaces, and the similar effects of angle of
attack and elevator deflection on the vertical tail surfaces.
Some calculations have been made of the normal-force coeffi-
cient of the horizontal tail surface and the chordwise pres-
sure distributions by means of existing empirical and theo-
retlical knowledge for comparison with the experimental data,
This paper was originally issued as a Memorandum Report for
the Army Air Fbrces, Feb. 20, 19L3.

SYMBOLS
en section normal-force coafficient (n/qec)
Cy normal-force coefficient (N/qS)

dCNt/dat tail effectiveness

dCN+/d8e elevator effectiveness




ot

ratio of the effectivenes® of a change in elevator
angle '8¢  to the effectiveness of a change in

: ,r,?.CNt/é'df)e\
tall angle ag \ oA 7T
local static pressure
dynamié pressure <%pv2>
normal - ferice
section normal force
incremental additional distribution
incremental basic distribution
incremental normal-force distribution (Pggs + Ppg)

normal-force distribution for undeflected control
surface

total calculated normal-force distribution (Py; + Pg)

normal-force distribution determined from pressure=
distribution tests

area

total area of horizontal tail surface (59.6 sq ft)
(includes area blanketed by fuselage)

stabilizer area (37.6 sq ft)

elevator area, including balance (22 sq ft)

fin area (1%.6 sq ft)

rudder area, including balance (12,9 sq ft)

local velocity in boundary layer

velocity '

chord (length behind hinge line on movable surface)

angle of attack of horizontal tall surface




ig

0

angle of attack of thrust axis relative to free-
' stream direction, degrees

angle of yaw, degrees; positive when left wing
noves forward

control-surféce deflection, degrees; positive with
elevator d@own or rudder left

cownwash angle at tall measured relatilve to free-
stream dipection, degrees

angle of stablilizer setting with respect to the
thrust axig, degrees; positive with trailing
edge down

mass density of air, slugs per cubic foot

Subseripts:

O

8

free stream

stabilizer

elevator

£l

rudder

horizontal tail surface

isolated tail

APPARATUS AND TESTS

The Republic P-l7B is a high-altitude pursult airplane

(figs. 1 and 2) weighing about 13,500 pounds and equipped
with a Pratt & Whitney R-2800-21 engine and a four-blade

Curikias electric propeller,

mately elliptical chord distribution although they are not
of @elliptlical plan form. The elevator and rudder are pro-
vided with inset hinge balances averaging 16.L and 1.8 per-
cent of the average control-surface chord, respectlively.

The elevator end the rudder on the airplane tested are

The tail surfaces have approxi-




fabrie-covered and are fitted with control tabs. The ratio
of the average tab chord to the average control-surface chord
i3 about 0.46 for the elevator and 0.35 for the rudder. The
ctabilizer incidence for the tests was 15 and ths leading
edge of the fin was offset 1© left from the longitudinal axis
of the alrplanse.

A total of Li37 flush-type orifices was installed in the
empennage as followss: 140 in the stabilizer, 150 in the
clevater, 68 in the fin, and 79 in the rudder. The orbifidce
locations and rib dimensions are given in figures % and L
and in tables I, IT, ena 1I%. ’

All tests were made wlthh the propeller removed, At
zero angle of yaw and at airplane angles of attack of 0° and
15.69, the tail-surface pressures were measured for several

angular deflections of the elevator. (See table IV.)
Similar tests were made for & range of rudder deflections at
yaw angles from oY g 2l One test at an intermediate angle

of attack of 5.1° and several tests at an angle of attack
just above the stall (17.1°) were also made,

The elevator was deflected 3° for the rudder tests.
The elevator and rudder tabs were locked at settings of -2°
and 09, respectively. The thrust axis, the stabilizer chord,
and the longitudinal axis of the airplane were used as refer-
ence lines from which angle of attack, elevator deflection,
and rudder deflection were measured.

The tunnel alrspeed for the tests at the two low angles
of attack was 87 miles per hour. The tests at the two high
angles of attack were made at an airspeed of 63 miles per hour.

RESULTS AND DISCUSSION

Isometric charts of typlcal pressure distributions over
the P-}7B tail surfaces at three angles of attack for different
control-surface settings and yaw angles are shown in figures 5
to 154 No unusual tail load distributions are indicated by
these results, For high angles of attack 'of the [ixed "sur-
faces the expected peak loads occur on the leading edge of
the fixed surface, and for large deflections of the movable
surfaces the expected peak loads occur near the hinge line.

A peak load occurs on the elevator mass balance for elevator
angles in which the nose of the balance projects appreciably
beyond the stabilizer surface. (See fig._é.)




A reduction in normal force on the ribs adjacent to the
fuselage is clearly shown by the data, This reduction in
normal force, which increases with angle of attack, results
from the wake of the fuselage and wing-fuselage juncture,
(B8ee figs. 5 to 8.) A large reduction in the pressure peaks
at the right side of the horizontal tail surface was measured
8% @ 5 17.1° (fig. 7}, The decrease is due to local
stalling which ocecurred on this side of the horizontal tail
when the wing stalled.

The pressure distribution on the vertical tail surface
#lth the rudder deflected -9° at an angle of attack of 0°
and an angle of vaw of 0° is shown in figure 9, Similar -
data at an angle of yaw of 9° for rudder deflections of 0°
and -6° are shown in figures 10 and 11, and the data for an
angle of attack of 15,68 are shown in figures 12 to 1l.
Results at the stalled angle of attack of 17,1° with the
airplane yawed 9° are presented in figure 15,

Normal-Force Coefficients

The average normal-force coefficients that were found by
integrating the span load distribution curves are given in
table IV, All of the coefficients used in this report are
given in terms of free-stream dynamic pressure except where
NOTedy Because the pressure distribution between ribs 5

and 6 was not measured, the following method was used for
estimating the load on the fuselage: The spanwise curve of
normal-force distribution was rfaired as a straight line
between ribs 5 and 6 as an upper limit of the possible load.
For the lower limit, the load curve was faired to zero at

the juncture of the stabilizer and fuselag-. The stabilizer
normal-force coeffliclents CNg were then plotted (fig. 16)
for each of the two falrings over a range of elevator deflec-
tions at angles of attack of 0° and 15.8° and compared with
simllar values determined from unpublished foree tests made
in the NACA full-scale tunnel. From this comparison, it

was found that about two-thirds of the difference between the
normal forces given by the two fairings should be applied as
the load on the fuselage, The stabilizer span loadings

were accordingly faired for each of the tests.

Curves of the span load distribution for representative
test conditions are shown for the stabilizer in figure 17 and
for the elevator in figure 18. Combined distributions for
the horizontal tail showing the variation of the load with




elevator deflection and the effect of yaw on the horizontal
tall are gilven in. figure 19. Typical span loadings on the
fin and rudder are shown in figure 20 and the loading over
the entire wvertical tail surface for each of these conditions
1s sghowavin figure 21,

The variations of the normal-force coefficients on the
fixed dnd movable surfaces with airplane angle of attack are
shown in figure 22 for an elevator setting of 39, The normal-
force eoefficients of the stabllizer and the elevator are the
same at an asngle of attack of U®., At ap = 15.6° the
steblilizer normal-force coefficient is about three times as

»

1%
great as the elevator normal~force coefficient,

The normal force on the fin increases with angle of
attack for the zero-yaw condition due to an apparent increase
in sidewash across the fin from left to right. The load on

the rudder remains negligibly small over the entire range of
angle of attack.

The effects of elevator deflection on the stabiligzer
and elevagor normal-force coefficlents for ap = 0° and
ap = 15,6° are shown in figure 23, :

The variation of Cyx with angle of yaw for the vertical
tall surface at airplane angles of attack of 0° and 15,6° is

shown in figures 2l. and 25, respectively. Similar curves .

of COn plotted agalnst rudder deflection for different yaw
angles are given in figures 26 and 27. The increase of the
normal force on the fin with yaw 1s 50 percent less at an
angle of attack of 15.6° than at an angle of attack of 0°,

The effects of rudder deflection and yaw angle on the
normal force on the horizontal tail are shown in figures 28
and 29, respectively, and similar effects of elevator deflec=-
tion on the vertical-tall loadings are shown in flgure 30,
The effects are small but measurable,

Prediction of Forces on Horlzontal Taill Surfage
An attempt has been made to determine whether agreement

exists between the measured pressure distribution on the P=L7B
horizontal tail surface and the distribution predicted by

exlsting empirical and theoretical knowledge. Owing to the .

lack of sufficlient data relative to the sidewash angles at
the tall, a similar correlatlon for the vertical taill has not
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been made, The steps followed in predicting the pressure
distributions on the horigontal tail surface of the P-h?B
airplane are:

(1) Calculation of the isolated-tall characteristics
from the tail dimensions

(2) Determination of the resultant downwash and dynamic-
pressure distribution at the tail plane

{3) Determinaticn of the average normal-force coeffi-
clent of the horizontal tail surface for any
angle of attack and elevator deflection

(l.) calculation of the chord load distribution corre-
sponding %@ %the calculated section normal-force
coefficlenats

Isolated-tail characteristics., - The normal-force coef-
ficlent of an isolated tall can be expressed in the form

cht)

(Cglyg = ( day (ay + T8¢)

is

wWnere

dCNt/dée

T:< —-——)
dCNt7dat i

For the isolated horizontal tail surface of the P-47B
airplane, the tail effectiveness (dCNt/dat)is, which depends
mainly on the aspect ratio, was found to be 0,062 from

Eelepencea 11, The corresponding value of 71, which depends
mainly on the ratio of the elevator area to the total tail
area; was found to be 0.5l (reference 1). The elevator

effectivenesa (dCNt/d8e)is 1s therefore 0.033,

Some error may exist 1n these empirical values inasmuch
as the slope (dCNt/dat)is 2lso depends on the various other
features of the tail design, such as the chord distribution,
the elevator cut-out, and the gap between the stabilizer and
the elevator. The chord distribution appears to have little

ffect, provided the tail has rounded tips. Measurements
made to investigate the effect of cut-out on (dCNt/dat)ig
showed ‘this effect to be almost negligible (reference l%.




A gap between the stabilizer and the elevator is, in general,
detrimental although the published data on the subject appear
to be incomplete.

Downwash at tail. - The effective angle of attack of
the horizontal tail surface at may be expressed as follows:

R s o it
fhe dowawash at the tail ¢ may be considered as the resultant
downwash of the wing, the fuselage, and the wing-fuselage
junetipe The wing downwash can be computed with conslderable
accuracy by the methods of reference 2; however, the effect
of the fuselage and wing-fuselage juncture on the resultant
downwash at the tail is not readily calculable and may be the
source of considerable inaccuracy for airplanes with a poor
wing-Fruselage Juncture. The effective angles of attack of
the P-li78 tail were calculated to be 0.9° and 8,3° at airplane
angles of attack of 0° and 15.6°., The values given for a
are corrected for jet-boundary effects at the tail (reference 3 )

-

Dynamic-pressure distribution .across horizontal tail. - In
the presence of airplLane, the normal force on the tail 1s

reduced owing to the loss of dynamic pressure at the tail due 3
to the wing and fuselage wakes, A few calculations, based on

the methods of reference 2, showed that the horizontal taill

surface was above the wing wake for angles of attack below >
15.6° and was at the top of the wing wake at ap = 15.6°, The

change in dynamic pressure at the tail due to the fuselage

boundary layer has been calculated by the methods of refer-

ences |} and 5. Migure 31 shows the loss in dynamic pressure

at the tail due to the wing and to the fuselage wakes at

ap = 15,6° and the resultant dynamic-pressure variation

across the tall semispan.

Figure 32 shows the variation of the product of local
dynamic-pressure ratio and local chord along the tail semi-
span for K ap = 15,6°., In accordance with the experimental
results of figure 19 the value of (q/qo)c shown in figure %2
at the fuselage center line has been taken as 1,0 percent of
the peak value of (q/qo)cq The resulting dynamilc-pressure
distributions resemble the actual span-loading curves.
Weighted average values of q/q, across the tall span were
calculated to be 0.90 at ap = 08 and 0278 at| |ap = A6E,

Normal-force coefficient of horizontal tail., - The
average normal-force coefficient at the tail for any particular
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angle of attack and elevator deflection is determ1neﬁ from
tre ifsolated-tail characteristics and from calculated values
of ¢ and q/qp. A summary of typileal calculations of
normal-force coefficients on the P-4 7B tall together with
valuss obtained from the pressure measurements follows:

’ dCNy dCyy, (Ci +)
be lag | =~ aot fis dbe/is e

ar | €
T L 9o

(Calcu-|{Celcu- |Calcu-|Experi-|Calcu~{Experi-
leted)| lated)| lated| mental| lated| mental

0 [0.10%3] © 0.9}0.90| 0.54 0.062 10.03%3 | 0.0%2 |0,056 [=0.0l2
15,6{1.236]1 0 {8.3] .78 .54 062 033 029 | 515 517
15.611.253| 5 [8.3] .76] .54 062 .033 .029 | .680 BT

Some discrepancy exists at oap = 0° Dbetween the experimental
and the calculated leues o Cq Inasmuch as the experi-
mental value of Ciy. is negati ve for an apparent nositive
tall angle of attack, it enpears linely that the fusela ge,
the effects of which were “Cglbc ed in the calculation, may
have conslderable inrlicnce on the resultaut downwash at the
tail at thie angle of attack. TFigures %3 and 3l show the
stabilizer span load distribution measured df ap = 0° for

eclevator deflections of 0° and 39, respectively, It 1is
gseen that the down load 1s greatest at the inboard sectilons
ol *Lhe Stdbllléer' thig fact indicates an apparent increase
in downwash at these sections due to the fuselage. The
effect of the fuselage on the resultant downwash at the tail

at ap = 15,6° appears to be negligible.

The normal-force coefficient at any section may be de-
termined from the calculated values of (CNg)ig Dbecauss, for
a surface having an ellifrtical crorg distribution, the normal-
porce coefficient at any section will be constant along the
%ail span and equal to (UNt)is' A comparison is given in
flgure 35 of the section normal~force coefficients calculated
by the afore-mentioned methods and the values determined from

the pressure measurements, The agreement between the calcu-
lated snd the experimental results is good. It should be

noted (fig. 35) that the forces normal to the surface will be
greatest at the outboard sections of the horizontal tail
inssmuch as the dynamic pressures at these sections are
greatest. This distribution of normal force may result in
greater values of bending moments than those that would be
calculated for the structural design of the tall based on
conventional methods,
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Chord load distribution. - The chordwise pressure dis-
tribution corresponding to any section normal-force coeffi-
clent may be calculated by following the methods given in
references 6 and 7. Based on the section normal-force
cnefficients as determined herein, calculatlions of the chord-
wise pressure distribution for one representative chord have
been made and are compared with the experimental results in

...(

figurcs 26 to 39. The calculations were made for an NACA
0006 section, which is very similar to the airfoll section
used in the P-l7B tdil. The pressure-distributlon curves
rave been caleculated for a flap chord equal to the elevator
chord nlus balance (figs., 36 and %7) and for a flap chord
qual to the elevator chord (figs. 38 and 39), The comn-
parison between the calculated and the measured results indi-
cates that best agreement would have been obtained if the
flap chord were weasured from a polnt midway between the nose
of the elevator and the elevator hinge line,

SUMMARY OF RESULTS

The pressure-distribution messurements over the P-L7B
tall surfaces show the following results: >

1, There was & smaller loading at the inboard sections
of the horizontal tail surface and a greater loading at the .
outboard sections of the horizontal tail surface than would
be expected for a surface having an elliptical chord distri-
bhtion, The reduction in section normal force at the ribs
adjacent to the fuselage was due to the fuselage boundary
layer and increased with angle of attack,.

2, The normal-force coefficient of the fin at zero yaw
angle increased from -0.066 at an angle of attack of Q° to
0,016 2t an angle of attack of 15.6°, but the load on the

udder was negzligibly small for all angles of attack,

%3, The increase of normal force on the fin with yaw
was about 50 nercent less at an angle of attack of 15407
ghan at 0%

h. mhe effect of elevator deflection on the vertical-
tail effectiveness and the effect of rudder deflection on
the horizontal-tail effectiveness were small but measurable.
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5+ The pressure distribution over the horizontal tail
of the P=l7B alrplane was approximated by existing theoreti-
cal and emplriceal methods.

Langley Memoriasl Aeronautical Laboratory,
Natlonal Advisory Cormittee for Aeronautics,
Langley Pield, Va,
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12 NACA
CHORDWISE LOCATIONS OF HORIZONTAL-TAIL ORIFICES .
- : S [Stat’ic'ms” tn fn. 'f‘x;bm_ ;Lenc'iiﬁ_g odgo]- » ]
- 8tabilizer. - : 1t i - Elevator
Ribd Tube Station Rib Tube Station
1500 1 9 1, 10 3 0
2 13§ 4, 11 3
2, 9 o . b ‘s, 12 2
R R T 1 6, 13 5%
2, 10 2 7, 1 6%
3, 11 L 8, 15 9%
L, 12 6 9, 16 124
Gy 10 10, 17 g
6, 1k 1k 2, 9 17 0
e A5 18 18, 25 %
8, 16 L2 . L9t 26 1f
Ly g 0 0 20, 27 33
i - A% i 9 1 21, 28 b
2, 10 2 ) 22, 29 98
Pz, m T : 23, 30 12
b, 12 63 2, 3 163
' © 5,13 1 3, 8 17 0
6, 1 165 .18, 25 .t
7» 15 21 19, 26 13
‘8, 16 27 20, 27 35
L, T ‘0 0 21, 28 6%
1, 9 15 22, 29 ok
25 _10 “ 3 25', 30 151‘1;
3.0 5% 2, 3 16¢
L, 12 % L, 7 L8 0
5, 13 158 ¥ ‘ 18, 25 E
6, 1L 218 19, 26 2
7 SG 28 20, 27 L3
_ ' 8, 16 S 55&- 21, 28 8¢
5, 6 0 ) 22, 29 120,
, Sy & 1% i 23, 30 16
2, 10 3% 2, 31 20}
Bl 7% '5, 6 1 1t 0
L, 12 113 ' 18, 25 %
5, 1% 194 ) 19, 26 13
6, 14 28 20, 27 e
TS 3L 2028 e%
8, 16 39 22, 29 9,}2
23, 30 13
2, 3 15%

L=439




[ o NACA TABLE II
- CHORDVWISE LOCATIONS OF VERTICAL-TAIL ORIFICES
’5 [Stations in in. from leading edge]
Fin Rudder
. Rib Tube Station Rib Tube Station
1 3 114 1 5 0
2, L 11;11; 6910 14
12 ) 0 7, 11 5%
1, 8 13 8, 12 9&
2 9 3 ) 9, 13 137
Z810 5 12 15 0
L, 11 9 16, 22 19,5
5, 12 13 17, 23 1‘}%
6, 13 18 18, 2 3%
75l 21& 19, 25 sﬁ-
13 0 0 20, 26 103
iy B 1 : 21, 27 12
2, 9 25 13 15 0
3, 10 5 16, 23 %
L, 11 9 ‘ 17, 24 1
5, 12 15 18, 25 Lg
6, 13 213 15, 26 8¢
7, 1L 273 20, 27 11111
1l 0 0 21, 28 13&
' 1,0 9 13 22, 29 164
- 2, 10 3 1 17 0
i bl 5 18, 25 3
L, 12 8 19, 26 1&
§ Gy I S| 20, 27 L
&, 2, 22 21, 28 %
T, 25 28 22, 29 12
8, 16 33 2300 153%
15 0 0 2l 31 194
{ 1S 2 15 B A7 0
C 2,%10 L 18125 -
‘. 3, 11 6 19, 26 13
| L, 12 1 20, 27 3%
5015 193 21, 28 8
6, 14 29% 22, 29 13126
T 25 395 23, 30 1813
8, 16 L53 2k, 31 23
S _‘_5,2 . o % 0116
6 14
L5 7 312
2, 8 bk
| \ 35, 9 ng
‘ L, 10 18115
b 5, 11 g




14
TABLE III
CHORDS AT ORIFICE STATIONS

[ Measured in in.}

,
Rib 322?% sii?iie gi;?gi: ‘Balance
1, 10 | 305 1l 9% 6%
2, 91 Lo 22 1l 38
3, 8| hop 287 T 35
b, 7| 7k | 35k 18 5%
5, 6|58 | Lo g | 3
11 51% 16 8& 6&
12 | sop | 251 11 5
13 | bop | 293 1hp 5
1, | 58 | 35 | 18 5
15 |7k | Wz | 2z | s
16 26 - 29 5

Ipimensions given are from hinge line
trailing edge.




15
TABLE IV

NORMAL-FORCE COEFFICIENTS FOR ALL TEST CONDITIONS

[Based on free-stream dynamic'pressure]

0 Weir {5 - 299] 057
2661 1322

=g 50| - 263] L6y

(R |
°

e
U1\
CO\N

L1 417.1

. e 1 ¥ i ; !
7 |(aeg) [(aeg) |(deq) (deg)| “Ns | e | OHp | ONy
%0 0 0 0 |-0.057 {-0.007 -0.0%3 0.023
20 0 3 0 .001}| .136| -,066] .008
210 0 10 0 176 37h] -.091| .018
I | o 0 -5 0 | -.168] -,187( ~.071 007
A 0 0 Z 2] et .129§ .000| .093
& |0 0 % LR L1151 = 1088 055
T 10 0 3 +6 [ erarn 2116 =156}~ 137
810 0 z -9 LOL7 ] W11 ] Seaona o
9 (0 z 7 0 0101 1251  [186] .02
10 1o 7 2 ~3 0221 "L13F L JUS2esge
i 1 O O 6 2 0 0311 .126| +28L1 060
12 | 0 6 2 -3 .028 . 124 .202 |~.035
15 .40 6 3 ~6 .010 .123 .180(-.109
i 4 o 9 3 0 003} ,117| .L69] .059
i5. 1 0 9 3 -6 .030 il ¢ 3Thi-.072
16 | o 9 ] -9 01 <118 27k~ .166
51 0 3 0 .20l .1781 ~.020] .010
20 1156 0 0 0 5641 .1320( .002] .027
19 |15.6 0 5 0 s 264 .oh3| .02l
20 1E L6 0 -5 0 .u7z 004 .0380 .p22
21 115.6 0 -15 0 .289] -.290 0321 ,026
22 |15.6 0 -20 0 193 -.L16]| -.010| .022
23 115.6 0 3 0 .69 .229 .016] .009
2l 115.6 0 2 -3 6291 - ,226] = 08GOk
a5 115.6 0 3 -6 .655 .223| -.073}-,103
26 115.6 0 3 -9 LOT1l  L2%e -.1%0 -.200
27 |15.6 0 3 -12 651 .180] -.189|-.268
28 115.6 0 3 | =15 6321 .225| -.201[-.310
29 |15.6 z z 0 Ll 2281 107 .026
90 1i5.6 | 3 3 -3 « 129 Mg 057 1-.0L7
31 {15.6 | 3 5| -6 .634] .227| .o07|-.121
32 {15.6 6 3 0 652 .229 2111 .05
3% |15.6 6 3 -3 DBl b 2261 | JaiEiee)
3l [15.6 6 3 =5 63 222] .099]s:11L
35 115,56 9 z 0 670 .219 .31 .085
36 [15.6 9 3 -6 6611 2361 20018 070
5g 15,6 9 3 -9 .66l .229 Jd22§-,180
20 117.1 0 3 0 .78k 2l .008] .oL7
59 §17.1 9 7
1 ) 3
9 3




Figure 1.- The P-47B airplane mounted in the full-scale tunnel.
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NACA Figs. 31,32
A Distribution of dynamic-pressure ratio q/qo due to wing wake
B Velocity distribution through fuselage boundary layer u/Vo
C Variation of q/qo through fuselage boundary layer
D

Combined effect of wing wake and fuselage wake q/qo
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NACA Figs. 33,34,35
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