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SUMMARY

An investigation was made in the Langley 300 MPH 7~ by 1l0-foot
tunnel. to determine the aerodynamic characteristics of . three deep-
gtepped plening-tail flying-boat hulls differing only in the amount
of step fairing. The hulls were derived by increasing the unfaired
gtep depth of a planing-tail hull of a previous aerodynamic investi-
gation to a depth about 92 percent of the hull beam. Tests were
also made on a transverse-stepped hull with an extended afterbody
for the purpose of comparison and in order to extend and verify
the resulis of a previous investigation.

The investigation indicated that the extended afterbody hull
had a minimum drag coefficient about the same as a conventional
nuil, 0.0066, and an angle-of-attack range for minimum drag of 3°
to 5°. The huﬂl with a deep unfalred gtep had a minimum drag
coefficisnt of 0.0057 which was 14 percent less than the transverse
stepped hull with extended afterbody; the hulls with step falring
had up to 4l percent less minimum drag coefficient than the transverse-
stepped hull, or slightly more drag than a streamlined body hav;ng
approximat ely the same length and volume.

Longitudinal and lateral instability varied little with step
fairing and wag about the same as a conventional hull.

INTRODUCTION

In view of the requirements for increased range and speed in
flying boats, the Bureau of Aeronautics, Navy Depariment, has
requested an investigation of the asrodynamic characteristics of
flying-boat hulls ags affected by hull dimensions and hull shape.
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The results of one phase of the investigation, pressnted in
reference 1, have indicated that substantial drag reductions
can be obtainsd on planing=-tail flying-boat hulls if proper
step fairings are insorporated on the hull. It was believed
that further drag reductions might be obtained cn this type of
bull by dsepening the step because of a reduction in skin area.
In the present investlgation exploratory tests were made to
provide information in this rsspect. . S

Unpubliched data frox tests in Langley tank no. 2 have
indicataed that the thrse deep-stepped hulls of the present
investigation would have.satisfactory hydrodynamic character-
igtics.

To sztend and verify the results of a previous investi-
gation, tests were made of a transverse stepped hull, Langley
tank modsl 203 . Since this hull had aercdynamic characterilstics
about the same as a conventional hull, it is used as a basis of
comparison in this report. : g

As jn the previous aerodynamlc 1nve5u1gatlan of planing-'
tail hulls (reference 1} all hull serodynamic charscteristics.
determined includs the effect of interference of the support
wing. : .

COEFFICIENTS'AND SXMBOLS" o

Tk» rusults of the tests are presented as standard NACA coef-
ficients of forces and momsnts. Rolling-, yawing-_ and pitching-
moment Poeffiﬂients are.glven about the. location: (Wing 30=percent
chord point) shown -in figure 1. Except: where noted, the wing ares,
mean. asrodynamic Pho*d and span used. in determlnlng the coef~ -
ficients and Reynolds nurbsrs are those of a hypothetical flylng'boat
describod in reference 2. The,data are referred to the stability
axes, which are a system of axes having their origin at the center
of moms1ts gshown in figure 1 and in which the Z~axis is in the,
plane of sy= nmetry . and perpend_c1 ar to the relative wind, the
X-axis is in the plane of symmetry and perpendicular to the
Z-axis, and the Y-axis is perpendicular to the plane of symmetry.
The positive directions of the stability axes are shown in figure 3.

The coefficients and symbols are defined as follows:
¢,  lift coefficient (Llft/qs)
Cp drag coefficient (Drag/qs) f {_~' a;.:fi“f;J[, |
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Of

lateral-force coefficient (Y/qS)
rolling-moment coefficient (L/gSb)
pitching-momsnt coefficient CM/qSé) o
yawing-moment coefficient (N/qSb)

=7

=X when V¥ =

force along axes, pounds

moments about axes, foot-pounds

free-strean dynamic pressure, pounds per square
foot Q%—:\ o

wing ares of a §8~scale model of a hypothetlcal flying
boat (18 264 'sq. ft) o o

wing mean aerodynamic chord GMLA .C. ) of a‘%8~scale model

of a hypothetloal flying boat (1 377 ft)

w1ng span of & gg-scale modsl of a hypothetical flying
ERY

boat (13.3"1 ft)

alr VB¢OGltV feet per second

88 density of. air, slugs per cublc Toot
angle of attack of Mmll base line, degrees

angle of yow, degrees

: Re&holds nudbéf;dbésedfon wing‘ﬁéan-defbd&ﬁamib’cﬁbrd

of a fg-scale model of 8 hypothetical flying boat .
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Cma rate of change of pitching-moment coefficient with angle
9C,, ' ~
of attack (\
an rate of obange of yawing-moment coefficient with angle of
Ca\
yaw' /-—.—Q
\3 )
CYW rate of cgglge of laueral force coefficient with angle of

MOTEL AND APPARATUS

The deep-stepped hull lines were drawn by the Langley Hydro-~
dynamics Division by increasing the step of hull 221B of reference 1
from a cdepth which was 23 percent of the hull beam to a depth
92 percent of the hull beam while maintaining the same height at
the sternpost. Langley tank model 203 with extended afterbody was
the same configuration reported in reference 3. Dimensions of the
hulls are given in figures 1 and 2 and tables I %o IV; photographs
of the desp-step fairings are given in figure 4. The test model
wag the same one used in the investigation of reference 1; trans-
formation from one hull to another was facilitated by cutting the
underportion of the model and replacing interchangeable blocks
corresponding to each step fairing condition. The hull and inter-
changsahtle blocks were constructed of laminated mshogany and were
finished with plgmented varnish. .

The volumes, surface areas, maximum cross-sectional areas, and
gide areas; for the hulls are compared in the following tablet

- Yolume | Surf Maximm cross=- | gigq

Eull ? u3f ur(?gfg?rea sectional area are:
(n3) (in.2) in.2
(in .=}

203 extended | 13,338 i 4857 182 1845
onLE 10,354 416k . 182 1512
Zeale) 0,904 | k= 182 | 1568
2217 11,502 | 31k ' 182 1636

The hull was attached to a wing which was mounted norlzontally
in the tunnel as shown in figure 5. The wing was also the same
one used in the investigation of reference 1 and was not a scale
model of: the hypothetical wing. It was set at an incidence of
4° on the model, had a 20-inch chord, and was -of the NACA 4321
section,

CONFLIENTIAL
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TESTS

Test Conditions

The tests wers made in the Langley 300 MPH 7- by 10-foot tunnel
at dynamic pressurss of approximately 25, 100,and 170 pounds per
squars foot corresponding to airspeeds of 100, 201, and 274 miles
per hour. Reynolds numbers for these airspeeds, based on the mean
aerodynamic chord of the hypothetical flying boat, were approximately
1.30 X 106,-,2.50 X 106 y and 3.10 X 106 respectively. Corresponding
Mach numbers were 0.13, 0.26, and 0.3)+é. ‘ '

Corrections

Blocking corrections have been applied to the wing and wing-
plus~hull data. The hull drag has been corrected for horizontal
buoyancy effects caused by a tunnel static-pressure gradient.
Angles of attack have been corrected for structural deflections
caussd by aerodynamic forces. '

. Test Procedure

The aerodynamic characteristics of the hulls with interference
of the mounting wing were determiried by testing the wing alone and
the wing-and-hull combinations under ldentical conditions. The
byll, aerodynemic coefficients were thus determined by subtraction
of wing-alone coefficients from wing and hull coefficients.

Tests were made at three Reynolds numbers. Because of
structural limitations of the mounting wing, 1t was necessary
to limit the data at the higher Reynolds nunmbers to the angle-of-
attack range shown. ' , o '

To minimize possible errors resulting from transition shift
on the wing, the wing transition was fixed at the leading edge by
means of roughness strips of carborundum particles of epproximately
0.008-inch diameter. The particles were applied for a length of
B-percent airfoil chord measured along the airfoil contour from
the leading edge on both upper and lower surfaces. :

Hull treneition for all tests 'were- fixed by & strip of 0.008-inch
diameter carborundum particles ;g-finchwide_ and located approximately

5 percent of the hull length aft of the bow. All tests were made
with the mounting setup shown in figure 5. ‘ : -

CONFIIENTIAL
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RESULTS AND DISCUSSION

The aerodynamic characteristics of the deep-stepped planing-
teil hulls in piich are presented in figure 6; aerodynamic charac-
teridtics in va:w ars given in figure T. The aarodynamic charac=-
teristics of Langley tank model 203 with extended afterbody in
pitch end yaw are presented in figures 8 and 9 ) respectively.

Langley tank model 203 with extended afterbody had a minimm
drag coefficient of 0.0066, as in reference 3, which is about the
same as a conventional hu..l of thoe same over=-all length-beam ratio,
reference 2, the angle-of ~attack renge for minimum drag extended

ror 3° to 5

The hull with the u_nfa.ired deep step s model 221F, had a
minimm drag coefficient of 0.0057 which was 14 percent less. thanp
the hull with extended afterbody or a conventionsl hull. - Gomparison
of the drag results of model 221K with that of model 2218 of
reference 1, indicates that increasing the step from a depth .

23 percent of the hull beam to 62 porcent of the hull beam resulted
in a drag coefficient reduction of 12 percent. The hull with the
falring whoss olements approached straight lines, 221F; had a minimum
drag coefficient of 0.0037 vhich was slightly larger than the drag
coefficlent of a streamlined body having approximately the same
“Yength and volume. The importance of proper step-falring design
in reduoing aeroagmamlc drag on deep- qfepped planing-tail hulls

1s shown by the larger value of drag coefficient, 0.0045, for the
hull with the concave step falring, model. 221G . . The drag coef~
ficient for this hull configuration.vas about 32 percent less “than
the hull with extended afterbody, whereas the hu.‘.l With the :E'uller
fairing, 22IF, was about Ly percent lesg s .

Tuft studles of the step portion of the hulls (fig 0¥
indicate that the lower drag for the hulls with gtep falring..
results from the slimination of sepa.ra.tion Which occuz‘ on the
sides of the unfaired deep-stepped hu..l '

_ Minimum d.rag coefficlents based on (volume) 4 /3 (CDVmin) and
frontal area (CDAan and-skin.area {Cx, dmm) ‘are prcsented in

table V along with. &rag coefficients ‘based on h;ypothe tical wing :
~ area. These data indicate that model 221F had the least drag for
.a uni’c vo...ume and for umt su.rface area.

- AB mth the planing- tail hulls of a ‘previous mves‘cigation
§mfwemce 1} the angle -of- attack ra.nge for minimu,m dra.g occurred
fromabout 39 t0'5°, , P B S
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Longitudinal and lateral instability as shown by the
parameters OCp/Ow and OCL/OV, ' table V, varied little with

step fairing and was about the same as a conventional hull or
a hull with extended afterbody,

In order to compare the results of these tests with investi-
gations made of other rulls and fuselages, the parameters K,

acnf:/awv, and Bﬂﬂ/Bﬁl as given in references 4, 5, and 6,

respectively, are also included in table V., The parameter Kp
is a fuselage moment factor, in the form of ch/aa? based on

hull beawm and length where ! 1is in radiens. The yawing-moment
coefficient, Cpges 1in BCnf'/Bw is based on volume and is given

about a reference axis 0,3 of hull length from the nosSec. The
parameter OCn/0B is based on hull side area and length where the

yaving moment is also given about a referemce axis 0.3 of hull
length from the nose and P is given in radians. Instablility as
given by the parameter BCn/aB agreed closely with values given
in references 5 and 6, ' : ‘

CONCIUSIONS

The results of tests in the Langley 300 MPH 7~ by 10-foot
tummel to determine the aerodynamic characteristics of three
desp—~stepped planing-tail flying boat hulls, differing only in
the amount of step falring, indicated the following conclusions,

1. The planing~tail hull with a deep unfalred step, 221K,
had a nininum drag coefficient of 0.,0057, about 14 percent less
than a conventional hulls the hulls with step fairing had up to
L4l percent less minimum drag coefficient than a conventional
hull or slightly more drag than a streamlined body having approxi-
mately the same length and volume,

2. The angle--of-gttack range for minimum drag was gensrally
in the 3° to 5° range for all planing-tail hulls tested.

CONFIDENTIAL
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3. Longitudinal and lateral instability was. the same for all
plening-tail hulls and was about the same as a conventional hull.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
TLangley Field, Va.

‘ jw 2y

John M. Riebe -
Aeronautical Engineer

‘fr f)/m%

L. Nasseth -
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Fartley A. Sould
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TABLE I
OFFSETS FOR LANGLEY TANK MOIEL 221
' [All dimensions are in inches)
Stati Distence | Keel |Cove | UPPer | Lower |Lower | Radius |Helght | Line of | Angle Bottom of hull
on chine | chine | chine | and half | of hull; centers | of 1 1 1
vo a‘bgo Eb;‘ve gbove | above | helf | maxismm at ebove |chine |2 in. |1 in. 12 in.} 2 in. 2"2-‘1!1. 3 in. 3% in. 14 tn. ]'5 in.
F.P. § | & |beam | beam & 3 ?‘m; Butt |Butt | Butt |Butt | Butt | Butt | Butt |Butt | Butt
og
F.P. 0 10.30 10.30 {0 0 11.00 | 11.00 ]
% 2.5 | 5.9 8.30 | 2.30 2,30 k.29 | 11.98 | 10 | 648 |T.49 | 8.1k | 8.32
1 4.25 3.76 6.71 | 3.06 3.06 15.72 | 12.66 b2 | 5.30 6.09 | 656 | 6.77 | 6.72
2 8.50 | 1.8 439 13.86 3.86 17.36 | 13.50 2.0 | 2.96 | 353 [ 4.01 | 4.38 | L.60 4 .64
3 12.75 . 3.2 | 432 k.32 1841 | 1k.08 1.21 | 1.6 | 2.06 {349 | 2.85 | 3.10 3.25]3.28
i 17.00 27 2.36 | k.61 .61 19.12 | 1452 59 92 | 1.25 1198 | 1.89 | 2.1k 2.33 1242 | 2.38
5 21.25 Ok 1.81| &.79 .79 19 .60 14 .81 29 55 80 | 1.0k 1.30 | 1.52 1.70(1.82 | 1.85
6 25 .50 0 1.514 4.8 4.89 19.88 | 1k.99 5 19 40 59 .78 98 | 1.8 1.33 /146 1.52
7 2975 | 0 1401 b.92 L.92 19.99 | 15.07 3} 18 36 55 T3 92 | 1.09 1.23/1.33 | 140
8 34.00 0 10.29{ 10.29| 1.40| 4.925 4 .925 20,00 15.08 0 18 36 55 73 92 | 1.09 1.23{1.33 1.40
9 38.25 | © 10.32] 10.47| 1.39] 450 .36 13 1.09 1.33
10 42,50 0 1001} 10.66| 1.2} 3.14 36 713 1.09
n 46.75 o] 9.33] 10.85 261 T3
11]1;1 ¥7.90 | © 9.08|10.87| o o
H%A ¥7.90 | 9.08] 9.08] 10.87
12 5L.00 | 9.25 11.01
13 55.25 | 9.40 11.19 k.91 15.09
1k 59.50 | 9.59 11.36 % .86 15.1%
15 63.75 | 9.78 1151 k75 15.25
16 68.00 | 9.97 11.65 4 .61 15.39
17 72.25 | 10.16 11.77 L .43 15 .57
18 76.50 | 10.34 11.86 Lar 15.83
19 8.75 | 10.53 11.9% 3.87 16.13
20 85.00 | 10.72 11.99 3.50 16 .50
21 80.25 | 10.91 12.03 3.08 16.92
22 93.50 | 11.09 12,04 2.61 1739
23 97.75 | 11.28 12.06 2.15 17.85
2k 102.00 | 11.47 12.08 1.69 18.31
25 106.25 | 11.66 12.10 1.22 18.78
26 110.50 | 11.8 12.12 .76 19.24
27 1475 | 12.02 12.12 31 19.69
AP. | 116.65 | 12.12 12.12 J0 19.96
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COMMITTEE FOR AEROFAUTICS

CONFIDENTIAL

8TOLT "ON WY VOVN

0]



- v w v w
e O [ ] L X 4
[ ] [ d o ®
L] [ J
[T X 1] (1] [ X ]
CONFIIENTIAL
TABLE 1Y
OFFSETS OF LANGLEY TANK MOIEL 221G
[A.'Ll dimensions are in 1nches]
Radius Line |Angle|
Sta- [PLotence [Kesl |Cove ggﬁ: gz:;: 2;2: ;{31’ Height of_ Zin Bottom of mll - Eeighte and half dbreadths
ton| abge &b;;lve abovel above bal? | maxi- hﬁl i::s ;lu_: 1ind24n{3 in{b in.1l n.J2 1nf3 1nfb4 10 {5'In4 6 107 1n{ 8 in{ 9 1nJ 20 in. 11 in.
¥.P.
| & jbeemjmm | g 5";" (298)| 5t | Butt | Buts | Bust | W wa{wo. |wi. (Wi (v {wa. [wo. |we.| we.| wa.
FP.| © 10.30 10.30{0 0 11.00 {11.00
% ., 243 | 5.49 8.30{2.30 |2.30 |14.29[11.98{ 10 |T.49 |8.32
1 h.25 | 3.76 6.7L13.06 [3.06 |15.72|12.66| 10 |5.30 |6.56 | 6.72
2 8.50 | 1.83 4.59]3.86 |3.86 [17.36 |13.50] 10 |2.96 | 4.01 | k.60
3 12.75 80 3.244.32 .32 1841 1k.08) 10 |1.6k |2.49 3.0 )3.28
N 17.00 27 2.3614.61 (k.61 [19.12 |14.52| 10 92 |1.58 ] 2.1 | 2.42
5 21.25 Ob 1.81|4.79 |4.79 [19.60 |14.81| 10 55 | 1.0k [1.52 11.82
6 25.50 | O 1.5L14.8 (k.80 (19.8811k.99| 5 40| J7811.18 |1.46
7 29.T5 | O 1401492 (k.92 [19.99 [15.07| © 36 7311.09 |1.33
8 34.00 | 0 150 | 1.40k.925i4.925 120.00 [15.08| © 36| 13109 |1.33
9 38.25 | 0 1.9 1.39(4.50 36 73 (1.09 {1.33 k.55 14.62 (4.0 |4.76 [4.82 |4.89
10 4250 | 0 1.22 1.12{3.1k 361 73 11.09 |b.69 3.35 [3.60 [3.83 |4.08 {4.31 [%.55 [b.75 |4.88
11 .15 | 0 .36 26| T3 1.07 {334 |5.55 |7.80 | .95 [1.40 [1.85 |2.30 |2.75 |3.20 {3.65 [4.10 |4.50 | k.82
ugF| 4790 [0 |0 o o 243 |b.4o [6.35 (8,31 | .34 | .79 |1.28 [1.79 |2.30 [2.82 {3.33 [3.89 |k.33 | 4.73
nukal w9 |o 23 |bko 63585 | L | L N d d
12 51.00 | 3.63 5.15 | 6.55 | 7.96 :9.36 24 | 91 [1.60 |2.32 (305 [3.7h | B2
13 55.25 | 6.40 L.91 15 .09 7.36 {8.35 [9.31 [1.23 62 1165 12.68 | 3.75 475
ik 59.50 | 8.07 4.86 15 .1k 8.79 |9.k2 |10.07 [10.74 1.40 | 2.88 |4.40
15 63.75 | 9.10 875 15.25 9.59 {10.10 2.0.62 L1.11 1.82 |3.83
16 68.00 | 9.73 4 .61 15.39 10.13 |10.55 10.97 238 g2 13.10
17 72.25 (10.08 b3 15.57 10.48 (10.85. {11.24 {11.61 245
18 26.50 [10.34 11.86 bt 15.83 1069 11.07 11.45 [11.83 1.88
19 80.75 |10.53 11 .94 3.87 1613, 10,90 11.26 {11.63 1%6
20 85.00 [10.72 11.99 3.50 16.50 11.08 1145 [11.8] B2
21 83.25 |10.91 12.03 3.08 16.92 ’1121 11.65 112.02 .25
-4 9350 111.09 12.0% 2.61 1739
23 97.75 111.28 12.06 2.15 17.85
24 102.00 |11.47 12.08 1.69 18.31
25 106.25 |11.66 12.10 1.22 18.78
26 110.50 [11.85 12.12 76 19.24
27 114,75 |[12.02 12.12 31 19.69
AP. [110.65 [12.12 12.12 Jdo 19.90
v
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TABLE ITI
OFFSETS FOR LANGLEY TANK MODEL 221F
[All dimensions are in 1nches]
Radius Line Bottom of hull - heights and half breadths
Upper |Lower [Lower| and Eelgnt of Augle
Sta- Distance Keel (Cove chine [chine |chine; half of cen= of
tion to ab;;e ab;vo above labove [half | mexi- hutl tors °ﬁ$ 1in.[2 in.[3 in.[4 in.|1 10.(2 0.3 in.|k 1n.|5 10.]6 1n.|7 in.(8 in.]9 1n. {10 in.|11 in.
F.P, b:3 B, [beam | mum 8% above
peam | T B, (deg) |Butt [Butt [Butt [Butt |WL. |WL. |WL. [WL. |WI. |WL. [WL. WD [WL |W.L.| Wi,
F.P. 0 10.30 10.30(0 0 11.00 [11.00
% 2,13 | 5.49 8.30{2.30 | 2.30 [14.29 [11.98] 10 749 8.32
1 i 2 16 6.7L|3.06 |3.06 |15.72 |12.66 5.30| 6.56| 6.72
2 8.58 253 u.59§.86 3.86 1%.36 13.50 2.96) k.01 4.60
3 12,75 & 3.04(4.32 |4.32 [18.41 |14.08 1.6k} 249 3.10| 3.28
4 17.00 27 2.36(4.61 461 [19.12 [ 1h.52 92| 1.58] 2.1 2.42
5 21..25 Ok 181479 (479 [19.60 | 14.8L 55| L.0k| 1.52| 1.82
é 2550 1 0 1511480 [4.80 119.88 |1k.99) 5 40| 78| 1.18| 1.6
7 29.75 14ojb.92 492 [19.99]15.0T © 36| 13| 109! 1.33
8 34.00 1.50 1.ho|k 925 b.925 | 20.00 | 15.08] © 36( 73| 1.09( 1.33
9 38.25 149 1.39|4 .50 360 731 1.09| 1.33 49l b7k 4.87
10 42.50 1.22 1.12/3 .14 36| 73] 1.09| 2.70 361 b.al] 46| k.75 4.8
11 46.75 36 26| T3 66| 1.80| 3.03] k.62 1.32( 2.17| 2.99{ 3.64| 4.17| 456! 4.80| k.90
11%1‘ 7.9 | o 20 o |o 1.16] 2.9| 3.52 5.10| .86| 1.75| 2.60| 3.33| 3.95] 4.b1| k.T2| 4.86
1
nfa ws0| o L R IR
12 51.00 | 1.h2 2.5 354 k.5 6.27 57| 1.5 2.40) 3.17) 3.85| 4.35] 4.6 4.86
13 55.25 | 3.15 .91 15 .09 .14 5.20] 6.32] 7.75 851 1.82| 2.74 | 3.50 | 4.13] 4.56] 4.85 | 4.90
14 5950 | k.17 4.86 154k 5.67| 665 7.67 8.95 25( 1.32{ 2.34 | 3.27| 4.02] k.57 {4.85
15 63.75| 6.26 .75 15.25 7.07 791 8.84 9.93 871 2.1 3.15] 4.05 | 4.68
16 68.00( 7.58 .61 15.39 8.29] 9.05 9.84/10.70 60| 1.95] 3.18 | h.27
17 72.25| 8.71 4 3 15.57] 9.33| 9.97/10.62/11.29 47 2.05 {3.57
18 T6.50| 9.62 11.86 bat 15.83 10.1210.66/11.17 11.71 Th | 2.70
19 80.75| 10.29 11.9% 3.87 16.13 10.70/11.13/11.54 1.4
0 85.00 | 10.71| 11.99 3.50 16.50 11.08{11.45/11. 76
21 89.25| 10.91 12.03 3.08 16.92
22 93.50 | 11.09 12.04 2.61 17.39
23 97.75| 11.28 12.06| 2.15 17.85
24 102.00 | 11.47 12.08] 1.69 18.31)
25 106.25| 11.66] 12.10 1.22 18.76]
26 110.50| 11.85] 1212 16 19 .24
27 114.75] 12.02 12.12 31 19 .69
AP | 116.65] 12.12 12.12 10 19.
I
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TABLE IV
OFFSETS FOR NACA HULL MOIEL 203 WITH EXTENIED AFTERBODY

E\ll dimensions are in inchea]

L

Forebody bottom, heights above E,
stance Radius and Line of |Angle of
Station | Pt oy Eg:te ggi:: hale :em K;;iflwa:f ;ﬁ’;ﬁ:’a ?ff.;}" Butt |Butt | Butt | Butt | Butt | Butt | Butt | Butt | Butt
Fp, | % R, chtas g, 3 (de:J i1 1. 1.12- tn.| 2 tn. | 2 tn.| 3 ta. 3% tn.( & tn.[ 42 1.

F.B. 0 10.30 {10.30 0 11.00 11.00

% 243 | 5.49 ) 8,30 2.30 1h.29 11.98 10 648 | 7.k9 | 8.k | 8.32 .

1 bhos | 376} 671 3.06 15.72 12.66 10 Ls2 1530 ] 6.09 1 656 | 6.717 | 6.72

2 850 | 1.83] k.59 3.86 17.36 13.50 10 2.40 | 2.96 | 3.53 | oL | 4.38 | .60 | 4.64

3 12. 80 3.24 k.2 18.4) 14.09 10 1.21 | 1.64 ] 2.6 ] 2.49 2.35 3.0 | 3.25 | 3.28

b 17.00 271 2.36 b .61 19.12 14 .52 10 59 921 1.5 158 | 1.8 ]| 2.1k 233 | 242 | 2.38
5 21.25 O 1.81 4.79 19.60 1.8 10 29 55 L0 [ 1.04 1.30 { 1.52 1.70 | 1.82 1.%5
6 25.50 0 1.51 4.8 19.88 1k4.99 5 19 R 59 .78 981118 1.33] 1461 1.52
7 29.75 { © 140 k.92 19.99 15.07 0 .18 .36 55 73 92| 1.09 [ 1.23{ 1.33 | 1.0
8 34.00 | ©O 1.40 4.925 20 .00 15.08 0 .18 .36 55 73 921 1.09 { 2.231 1.33 ) 1.40
9 38.25 | o- 1.40 4.925 20 .00 15.08 0 18 .36 55 13 9211.09 | 1.23)1.33 )] 140
10 k250 | o 1.0 4.925 20.00 15.08 0 18 .36 35 T3 92| 1.09 | 1.23] 1.33] 1.40
11 sl o 1.50 4 .925 20 .00 15.08 0 .18 .36 55 73 92} 109} 1.23}1.33) 1.0
12F 51 .0k 0 1.40 4.925 20 .00 15.08 0 18 .36 55 173 92 | 1.09 1.23]1.33] 140
12 A 51 .04 1.16 | 2.95 4.925 20 .00 ‘15.08

13 55 .25 1.78| 3.57 h.01 20 .00 1509

14 59 .50 2411 4.18 4.86 20 .00 15.14

15 63.75 3.0 b.TT 475 20.00 15.25

16 68.00 3661 5.34 461 20.00 15.39

17 72.25 | h.29| 5.90 k.43 20 .00 1557

18 76 .50 L.92| 6.4k 47 20 .00 15.

19 80.75 | 5.55! 6.96 3.87 20.00 16.13

20 85.00 6171 T4k 3.50 20 .00 16.50

21 89.25 6.80f 7.92 3.08 20 .00 16.92

22 93 T43{ 8.38 2.61 20.00 17.39

23 97715 | 8.06] 8.84 2.15 20 .00 17.85

2k 102,00 8.69{ 9.31 1.69 20 .00 18.31

25 106.25 | 9.31{ 9.75 1.22 20.00 18.78

26 110,50 9.94] 10.22 776 20 .00 19 .24

27 k.75 | 10.57| 10.68 31 20 .00 19 .69

AP, 116.65 | 10.85{ 10.8 10 20 .00 19.90
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IRAG COEFFICIENTS AND STABILITY PARAMETERS FOR LANGLEY TANK

MOIELS 221E, 221G, 221F, AND 203 WITH EXTENDED AFTERBODY

CONFIDENTIAL

TABLE V

[The drag coefficilents are given for a Reynolds number
of about 2.50 X 106

3c, acn> (acnf > acn> (ac>
Mool \Cp o | Coy)pnl Con) s 1O | 52 | B |\ oo |\ 0| \S 0| \S¥ ) g0
203 extended|0.0066] 0.031 | 0.095 | 0.0036]0.0050]1.10| 0.0011 0.027 -0.098 | 0.0050
221E \0057 032 082 0036 0050{1.10{ 0010 029 -.098 0048
221G 0045 024 065 .0028| .0050{1.10| <0010 026 -.090 0050
201F 0037 019 053 0023 | .0050|1.10] .0010 026 -:090 0050
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Figure I.- Lines of Langley tank models 22IE, 2216, 22IF.
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frgurel - Lines of Langley tank model 203 with
extended afterbody. ’
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NACA RM No. L7C18 Fig. 3
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Relative wind
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Figure 3.— System of stability axes,. 'Positive values of forces,
moments, and angles are indicated by arrows,
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Figure 4.- Langley tank models 221E, 221G, and 221F tested in the
Langley 300 MPH 7- by 10-foot tunnel,
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Figure 5.~ Langley tank model 221F mounted in the Langley 300 MPH
7= by 10=-foot tunnel.
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Figure € .- Aerodynamic characteristics mn pitch of Largley

tank models 221E, 22/G, and 22/F.
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(2) Langley tank model 221E, a = 2°,

(b) Langley tank model 221G, a = 2°,

(c) Langley tank model 221F, a= 4°,

Figure 10.- Tuft studies of Langley tank models 221E, 221G, and 221F,
Tests were made with models mounted on single strut support.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Restriction/Classification
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. V&. (;em_cell‘eg_“ I





