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Table I
NOTATION

Cpy = Fuselage drag coefiicient based om wetted arca of fuselage
Cpy, @ Drag coefficient bused on maxirum froptal or proper area

¥. R. = Finomess Ratio = . 1ongth of body
average diameter o ¥
Average diameter = 21/_.;?’,@

C —
L0 _—aﬂf—-q ~ |
{#here Bp 18 the frontal area of fuselage)

L = Fuselage length

= Mo
Cmep = —Sre
w = maximunm fuselace width

xc.g." distance from fusel-ge nose to center of gravity

m: Q o Neals

wa-‘a Cmat GL==0

1,3 Angle vetween zerd 1ift lines of fuselage ard wi‘n@

¢ & Root chord
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SUBMARY

An attempt to base fuselage drag upon wetted area showed no
legs seatter than QD,,}M a function of fineness ratie, For
average values of Op_ for fuselages and flying toat hulls see
Hgure 12.

 The destadilizing effact of fuselages and flying boat bulls
baged on the volume of a circumseribed oylinder is given in figure
22 as a function of the ¢.g. position. The ftxenlagé tody arpears
to act somewhat am.ioma to an airfoil with an serodynamic eenter
at a paint somawhere between the C.2 and 0.3 body position.

The effect of _\Mﬁla@,fus and flying boat mlle on Gmo is
given by figures 3& throush 29. One pet of figures gives Crog
as a function of the destadilizing effect and the other set as
g‘f‘mﬁctian of the e.ge position.

_No' successful means of correlating nacelle data was found.
Fleures 30 through 33 show the magnitude of nacelle drag and

moment effects.
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1. INTROMIOPION

All data used in this report were obtained from tests conducted
in the c.i;sud working section of the 10«foot wind tummsl of the
GALCIT (Gugzenhelm Aeronautics laborstory, California Institute
of Technology)e (Mgure 1) The mum Reynolds Fumber at which a
15 ome aphar\e has a drag coefficlent of 0.3 1e about 328,000 whioh
indicates that the tumnel wind stream has a falrly ‘loes turtalence.
(cf+ reference 1) Fractically all data usel here wers obtained
at & dynamle pressure of q= 35 gn/en®, corresponding to a tumnel
air speed of about 176 m.p.he for air of a density ratio F/ =0.91.
The Reynolds Mb«t‘ for thess teste (based on the mean wlng chord
of an average mized modsl) was of the order of 1 x 108, "™th one
excertion all data were obtalned using the wire guspension system
which was in use prior te Ocﬁobo;s', 1343, ® (Mgure 2) The exception
conslsted of a fuselage of vmusually high fineness ratlo which was
desired to augment the rmga of fuselage dnta.

All models considrred were tested during A period of venrs
extending from 1830 thrmn_gh 1941, and in most nna&a the tests were
coﬂdnatad by the GALCIT ataff for v.rious aireraft companies, I!nless
ctherwiase atated, all data were derived from conventional, modern,
cantilever monoplanes many of which are im service today.

" Pugelage and nacelle effects wore obtailned by taking the difference
of two runs, e.g2., wing plus fuselage minus wing alone. Thus all
data include interfaméo effects. The ona exception ‘tu thisg is
the drag of the Goodysar-Zeppelin Airship, Alkron, +hich is tacluded
for iaferanae in the fuselage -an& QUIVeg.

* A triple girub suspension gystem permitting‘ six component force
neagurements at angles of yaw is now in use at the GATCIT.
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11, FUSELAGY EFFRCTS

A Prag

The anthor had hope? to reduce the scatter generally found
in the proper drag coefficiemt, Cp 5 for a fuselage by basing
drag on the total mirfige area of the fuselage, obtaining

espentially a skin friction drag coeffioclent, O . {Reference 3)

ol tieangine land airplanses were chosen asl.)stm most favorable
slags for such mn invesbigation as the fuselages of thig type
az;agsma;ah more closely a perfeqtly strsamlined form than either flying
boat hmlle or single engine fuselages for which the cockpit en.
clogsure 1g relatively large. Conelderadle time ém.s gpent in dew-
temining surface areas of a number of fugelages of this class

frow drawings in the GATCIT files., Por each fugelage a curve of

p/cmse vs. fugelage station was plotted. ’ Wheres

P = ﬁzmia;-zfo paﬁﬁ\etar at any atation

acute angle between a tangent to the fuselage at
the corresronding station and the fuselaze refere-ce
11

@ e

Fheret Reference Line

S' == total fuselage surface area or wetied area of fusolage
L g Puselage length
AL wex elemant of Axi’al 1ength

Thus the total fuvselage surface area, Sar is given by the area

wder the curve which wns obtained with a rlainineter., This
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method is rigorous but laborious. The results are tabulnted in
Table 2 and plotted againet Reynolds Fumber (based on fuselage
length) in Tig. 3. The ragults show a weatbter (dafined as

240 ) of about 260,

Flgure 4 gives the same data broken into two groupn ascording
to fuselare coraswseation and fig. & is identloal with fig. 4
ezcopt that all fuselages with cookpit enclomir have beon omitted.
The scatter is still great even for the most favorable growp, circular
fugselagex with no cockpit enclosures (fi7.85). |

One reason for this scatter is indicated im fig. & by the
variation in drag of the dirlglble model with Reynolds Mor.
Comparing thie with Xernante turbﬁlent skin friction ourve (reference 3),
st is eyldent that the sverags fuselage modsl in the GALCIT 10-foot
tunnel lieg within the tmnsitioh rogion fvram laminar to tur&ileﬁt
flow gomewhere near the turbulent aide of the vegion,

Another important factor is Qing»fusalage interference. An
Intereating example 1s glven by GALOIT Reports 291 and 298 in which
the same fuselage wis testel with two different wings, identical
in pla-nform,' and differing on‘.ty'im alrfoil section. One wind wis
gmooth whereas the other had {lap 'nmgzms. Fhem tested with the
smooth wing, the fuselage drag increment was 28 drag pointe (cn.; C. 0025
bhased on wing area) more than its drag increment »hen tested wi;:h the
wing equipped with flap brashets. The flap brackmts, however, increased
the wing drag 34 points, leaving a ﬁet overall 4Araz increage due to flap

brackets in the presence of thw fuselaze of only 9 Arag points,
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This exzample deterrsd the author from attempting to correlate interw
ferenge drag with the verticsl pesition of the wing nav he had hoped
to doe |

QD ”( haged on maximun projected frontal area) 1z pletted
versus finences ratio in fig. 8 for the same fuselages considered
in fig. 3. VYere the seatter 1s less than 244, or 3lightly less than

for cn s Thorefore degpite the rmope fundamental nature of the
8

coefficient Oy it was decided that the time mvolve-i.in computing
wetted areas w;a net warrante? snd all remaining fugelage drags were
baged only on proper areas, |

A1l additional rmltieoneine, Yand alrplane fuselngse drags
available were compiled. Piz. 7 includes the complete set of data
for this class, and figjure 8 gives a breakdomn vfox' the complete
3ata according to twe type: of fuselage cross.gections, with
and without gockplts, M. 8 corresronds to fige. 4 and § except
that figz. 8 ineludes gome adlitional data. These three figures
indlcate that the drag coefficients of clrcular fuselages are
generally sligntly lower than for the squarewround type, but that it
13 possidble to obtain equally lov drag coefficients with the latter
type. Fuselages with cocipdits generslly have a higher drag as
expected.

Is i“noum be noted that the slopez of the avarage draz value
curvaes nsed in both figures 8 and 10 were chosen to coincide with
that given in fig. %« Thia slope 1s the rate of change of (wei;.tad
area/frontal area) with'finemn ratio for smwoth stream-lined forma.
(Reforence ¢) However, this slops did not fit the drag data for

£lvinz boat hulls (fie. 11), so an average valus was falred in by eye.
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Thie curve ghould npt be extrapolated far in gither direction, for
figure 12 indieates that 1t would cross the average drag curves for

land airplanes at low {ineneses ratios,.
B, Dgstebilizing Bffect

Several attempts were made to correlate the deebabilizing
effeot of fupelages with wvarions parawveters.. Por these preliminary
atterytz, only the most favorable class, multi.engine, land airplanes,
was uged,

The change in the slope of the pitching moment Ws.@gﬁx_) "
due to the fuselage ie plotted againet the mmber of root chox:
lensths the fuselape axtends nhead of the quarter root chord, 3
in Pigure 13. The gorrelation is falrly good, tmut the anthor was
not aatisfied with the parwmwiers invelved. Aptual fuselage effects
 ghould ;redominate over interference effects so more complete
dimengions of the fuselaze shonld be involved and the aft portion
ghould have gsome effect. Perfect fluld theory (reference 5) gives
the moment produced by a boly of revolution as a fumcetion of ite
s parent mass, angle of attaclk, and of course the dynamic presanre.
The arparent mass 1s a function of the volume and shape of the body.

.Two pamt_ar were tried, C and C They are defined as

"M iy

followst "
e A g
T = O
¢, Y
TRy A
Where!
¥ = pltohing moment due to fuselage (nositive when stalling)

1 m dypamic pressure, -IM_.p'Vg
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5 g maximum projected frontsl area of rusal'age. or proper ares

L o fuselage length

¥ w wexinum wi@th of fuselaze orossegection
Hote that %3‘1 is based on the volume of a circomgeribed cylinder.
The v:_:lum of a fuselaze e glven by o constant timee fhg volume of
t‘hé circumseribed eylinder, Por wmost fuselags ghapes, thig constant
 11es between 0.6 and 0.7 (ref. 6)

Perfect fluid theory giwes a vure gouple, btut 4t was bélimd that
the position of the axls aboul mhia’h rmoments are measursd should be
1@0:"%@&. (fi‘e the author's kmowleige, the th actinz on a figure
of revolution in a viscom: fluld has never beem treated theorstically.)
Plegures 14 and 15 show the destabilizing effect of fuselages for
miltieengine, land alrplenes based on the twe paravetors defined adove
as & Twnction of the center of gravity postion. (All moment data used
in this recort are given aobout an assumed genter of gravity position.)

There arpears to be no cloar choice a2 far as scatter i
congerned between these three rethods, The methed elf’ fgure 15
was chogen for further wory only because fuselsge volume i reughly
proportional to the clroumseribed cylind r and the volume 1s a more
basic parameter. |

Figares 16 snd 17 wera Arewn up to 4 termne the effect of
fugelage crossegection and vertical Oe s fcaitim&. Ho consisgtent
variation with either iy shown by these curves. However it lg bee
lieved tha'c‘ the variation in the vertioal c.g. position is responsible
for mach of the seatter. It sheumld 'be memtioned that in {1m1m6(§T_)
the mmt curves ware spproximuted My straight lines over a C; range
of from 0.0 to about Q.6+ In many cases there was sufficient curvature

in the moment curves %o make thig method msatigfactory,
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Figure 18 is 1d-ntlesl with figure 15 except that additional
data have been added. The two low points falling just outside the
indicated band of scattor ar@iof interest., Ag the aketch indicates,
the aft portion of the two fugelages was abnormally small. In one
cace the sft portion was partially failred in with wax and the de-
atabilizing effect was Incressed slightlw, placing the fuselage
Juet iﬁzidn the lomer band of scatter. No asatiefactory explanation
coull be found for the wmusvally hish destabilizing effect of the
fuselage lying above the bond of scatter. It consisted of a
circular fueelage surmounted by a cockpit enclosure. The frontal
area of the fuselags wic umugually small relative to the wing
thicimegs. Unfortunately mo largs draving waz awvallahle so the
Ge o pozition was measursd from a snall three view, and there
remaing the pogaelbility that the c.ge. position indicated on the
drgming was in error.

Plgure 19 gives the destadbilizing effect of fumeluges of
single engins airplanes, lore ecatter is %o be sxpected becauvse of
the grenter wvariation in fuselages of this type. Purthermore,
the effect qf air flow throuch the covwling donbtleass agcomnts
for conslderable scattor.

Thg destabilizing effect of flrinz boat hulls is shewn in
figure 20. Mgure 22 ghows that thig 8ffect for imlle baged on
cnﬁi ig lower than for fuselages of lund airplanes, Thie is in
14ne with the lowsr degtabilizing effect of the two multi.engine
1and airplanes with small aft portions previously noteds

Hote the extrapolated curves indicste that thers ghould

be no destabilizing effect were the #.g. at a point somewhere
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betweon the C.2 and Cu3 beody position,

Because the aft portion wiue belleved to hive st} Lor offeat

for hulls, than for fuselages, flgurs 21 was plotted glving the

variation ofp/d x)__-:ith the lenzth of hull forward of the
Ay ; : '

leading edge of the raot chord in lengths of root chord.

C. Tffeot on Pitching Monent at Zere Lift, Aoy

Agguming the moment curves ¢o be straight lines, we can find the

change in moment at gero 1ift due to a Mselaze as a funotion of

the angle between the zero 1ift lines of the fuselage and the

wing and the destabilizing ingmmnt,o‘d%) due to ¢t he fuselnge.

o= 01.1 tand

c

g ive to fuselage L,

Q’ing ‘alone /E:

et

4\\./

¥ing plus fuselage

9

ihere!

b
! |
and wing plus fuselage intersect.

g

Com

i the 1ift coefficient ot vhich the ourven of wing alone

7 1¢ the slops of the 117t curve for the particalar wing

and aspect ratio concerned as measured from the wing alone

curve. ¢ r?_;a:_

iw

the fuselaga.

is the angle between the zero 117t lines of the wing and



além

fince the gzero 1if% line of the Muaselage wos vol meagured,
it mas assumed to be identioal with the fugelage reference line.
This should be sati sfaétéry for a circular fugelage of a'mlun
engine land alrplane with no coclpit, but it 15 wndombtedly & source

of congideralle error for single engine airplanes and flying doat
hulls, |

Ye have finallye

a cmu 8‘3’%‘ - iwAégg%)

:4 oz A ()

?igﬁres 33, 34, and 25 show the ramlh for the thm vlassen
of airplanec. Hote that $he averace 4o, 19 someshat greater than
tbat mdicated above, ’i'hiu is Wtiwlarly uatie&nhle in the case of
flying baa.t' Iulls, This indlcates that the zero 1ift line of an
average fuselage or hall is tilted dowmwsrd at the noge from the
reference line. In view of the high aft portion of mMulls and most
mselagﬂa, this 19 to bo expectad.

In reference ';Ac%‘ie plotted minat ty, Here the sere _lift
"1ines of the fusslages were faired in by eye. The report states that
the data were ocorrected for the variation of Srgey DUt does not ntate
specifically how this war done. A, Oy was rlotted as a function of &,
for the GALCIT data with mo correstion for the varfation of c.g. posttion.
There arpeared to be no correlation whatmoever even for the rost

favorable case of multieencine fuselages with no coekpits,
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In order to obtain the effect of a fugelage on C, independent
o

of the degtabilising effect, gm”i *
N oy vargus “ﬁiﬂan weg plotted.

(Pigures 26, 27, 28, axd 20). Tote that the squirewround type
fuselage has a rreater affect than a ciroular fueslage.

{defersnce 8) Thioe varlation of effect with fuselage cross-section
likely secounts for some of the scattor of the single engins fuselage

data.
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111, HACSLLE FFFEIDS

All nacelle data have been groupel ints ive classes according
to vertical location with respect 4o wing chord at nacelle and
marhaer o mgines; Data from nacelles with cooling flow have

been segregated.

A+ Drag

Yamelle drag coefficient: based upon frontal arm,cn r
are given in figures 3C and 31. As should bs expected, the drag
coefficient increases as the nacoelles sre lowered asince a smaller
parcentage of the nacelle area is blanketed by the wing for the

lower nacelles.

B. Dgatabldising Effect
Two attempts were made to reduce the destabilizing affect

of nagelles to a fumction of the distance the nécalle exteonds
ahead of the leading edge of the wing in length of wing chomd
at the namlle. In cne case the moment coefficient was baged
~on the frontal area of the nacelle times the #ing chord at the
nacel}—:z cente‘r»line, 0,;,?‘ and in the other on the rmxfinum —width
of the nacelle tines the squx;e n? the winz chord nt the nacelle,
ﬁmyz; The latter method w.s sugrested by reference 9. ileither
method zave satisfactory correlation so the plotted recults are
not Inelude?, but the datu are recorded with the tabulated deata.
The rmgpituda of the destabilizing effoct of nacelles

ig ghowr in figure 32.
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C. ZEffegt on Pitching Homent at Zero %Aame
siméa no satisfactory parameters were foumd for the &utabu_hiug

effect, no attempt wag made to do so forA%o « Mgure 33 mm. to
“indfcate the magnitude of Ac%.

2s fox Putuse fork

Ir nore acam%a Miﬁi@ai momort dete 15 desired it would
1mly M naceaaary Yo account for m vortiecal ma. position
m& th of the momerty W.
!m H, Js Stmut hae Wﬁa& msi&mm the sctual glope
of the 1;:# ‘eurve of tm wirg in W;,ﬁ nﬁ‘humy Mmlaﬂaxw
mm thﬁa assuming a cthﬁ glope oﬁ‘ 8g= 5.7 or 6,5 as is dome
ot r¥econt in CALCIT ealeulstions, | o
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Table II
Bgtatiop Used in Followig Tavles cnd mot Proviously Defined

{ = incidence of wing
ol = angle of attack fopr zero 1ift, wing alone

16 cross-gection

¢
S o sguare-round fuselsge |

H = maxfmum hoight of hull ewross-section

w = maximam width of fuselage or bull cross-section

¢ at rac. = wing chord at nacelle center line

¢, (for nacelles) -—&E_.____
. oY q 8. ot nae,)
G.,g (for nacelles) = -—-5-?3—————784 3a% T,

D = maximum 'wzdth of nacelle

t (for nwﬁuus) = argle m thrust line for nagelle and wing
reference line

M, I&L, L indicate wortical poattmn of naeelle with respect to wing
Cf. fig. 80 for sketohes.

H, M; L @ hizh, mid, and low, resp etively and are used to indicate
- vertical position of wing or o.g. with respect to fuselnge.

%m-—mum in maximom 114 caused by adiing necelles
e = ro%; ehord
M.A.C.= moan aerodynanis chord



ﬁ&an

(for £lving boats)

% (for navellies)

Fote: All dsta in the following tebles are full scale excert the
Reynolds Mumnber which is the actual Reynolds Numbexr of the
model in the wind tunnel uncorregted for turbulemes.,

Jince true Reynolds Fumber runs were not made for most
of the cases comzi!dered here, the Haynolds MNumbers given are
based on average values of kinematic ﬁsqo«sﬁy for the

 GALCIT 10-foot tunvel and are, therefore, omly aprroxirmmte.

Because the tremonduous smount of data considered here were
collected durirg a rather short period of time, the suthor has ot
besn cble to check all data, gorrutations, and eurves carefully.
It is $o be expected, therefore, that thero are errors in this
 report. Decause of the statistical nature of the work, however,
the errops should mevely add te the sostter and should mot affect
apprecisbly the averege values apd curves,
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