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EFFECTS OF INLET MODIFICATION AND ROCKET-RACK EX'IENSIw C!i ‘- . __ s
| THE LONGTTUDINAL fmm AND Low m'r IRAG oF m noucms
an mpmnsosmmnwrmaoms-scm Lo
 ROCKET-BOOSTED MODEL BETWEEN mcn e
- ' numazns OF o. 81 AND 1. 6h Sl el T e i
- mno. ACAAD599 :
' By Ea.rl c. Hastings, Jr., "and Waldo L. Dickens N
4 T T VR R B
b A fiight investigation was conducted to determine the effects of an
}) inlet modification and rocket-rack extension on the longitudinal trim and
low~1lift drag of the Douglas FSD-1 elrplane, The investigation vas cone
 ducted with a 0.125-scale rockei-boosted model which wes flight tested at ~.
the I.a.ngley Pilotless Aircraft Resea.rch Station at Wallopa Island, Va. -
" Results indicate that the combined effects of the modified inlet and
fully extended rocket racks on the trim 1lift coefficient and trim angle of
b attack were small between Mach numbers of 0.9% and 1.57. Between Mach
- numbers of 1.10 and 1.57 there was an average increase in drag coefficlent -
H of about 0.005 for the model with modified inlet and extended rocket racks.
L The change in drag coefficient due to the inlet modification a.'l.one is sma.‘l.l
between Mach numbers of 1 59 a.nd 1.61& o
- This peper presents the results of the last phase of a program which -~
- ) has been conducted by the No+ional Advisory Cammittee for Aeronautics with. -
e . rocket-booeted models of the Dougla.s FhD-:L and Dougla.s F5D-1 a.irpla.nes.
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Ref‘erén'ce“ 113 a.euma.rj"'or the results of the FiD-1 invést:!.ga.tion.;ana'
"~ reference 2 presents the development e.nd test resulta for one version
" of the F‘jD e :

The purpoae of the investigation reported here:Ln was twofold' First,

P P
e AR T

" to determine the drag increment and longitudinal-trim change assoclated

. with the extension of the airplane rocket racks at supersonic speeds, and

- second, to determine the effects on low-lift drag resulting from a modi- -
fied inlet and inlet lip by ccmpa.rison with the data of reference 2 where

- the rocket racka vere closed. ]

. mean aerodyz:a.mic chord,

draé coefﬂcient

-nomal-rorce coefﬁcient, positive tovard top of model, _i X

total pressure ’ 1b/sq_ ft.

R o . e :

cross-sectional a.rea, sq_ ft

longitudinal-accele cmeter rea.ding SR

nomal-a.cceleraneter rea.d:l.ng

2

' chord-rorc“ coerﬁc:lent, positive 1n reaz'-ra.rd directiozr‘-—z'- H"_—'

. qs

T et . e
. : Lo R TR N
v . *

'totaa. d.ra.g coefticient, c<= cos @ + cK sin a Ly

' 1:Lrt coefficient, cn cos @ - C sin a .

. acceleration due to gravity, 52 2 ft/aeca
IMach number___-_ : -

" ratio of total mass ﬂcw th.rough ducts +0 mass flow a.t rree-

stream conditions passing th.rou.sh an area equa.l to total
1n1et-capture area . o

' .
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P -sta.tic preaau.re, 1b/sq tt
qQ d,vne.mic pressure, 1b/sq tt '-_:--,
R ' _Reynolda number -

v radiua, ﬂ-. '

.5 - ' tota.l wing a.;-ea., sqli‘t
v _-velocity, ft/sec_.
‘___;w . § ;:_:weight, w .
x I___';ste.tion mea.sured frcm nose,. rt '_

. a a.ngle of atta.ck, deg l P i
| .7. S flight-path angle, deg, or ra.tio of spec:lfic hea.ta

BRRP
i v BT "-. L

. Subscripts :

_'.e"." _'. duct exit . T
- ,I h“free streazn .' ! ) o a
| ext _ e’;;té}nn'tj_'“ Tt

1 . -.“.- . ! .;—
A - [ g

“ "7 7" A three-view drawing of the 0.125-scale model tested is presented

o as figure 1 and a photograph of the model is shown as figure 2. Teble I

presents the physical characteristics of the model and figure 3 shows
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the normal cross-sectional-area distribution and equivalent body of -
revolution of the model. In order to show the inlet and inlet-lip modi-
fications incorporated in this version of the Douglas F5D-1 airplane, .

~ figure 1 shows the inlet configuration of the previous version (configu= .
ration 2 of ref. 2) for camparison. There were no changes made in any -
of the internal duet lines or in the longitudinal location of the inlets .

. on the body. Figure 1 does show, however, that the original inlet vas :
thinned down by reducing the thickness of the areas around the duct. As ...

. @& result, the modified inlets were externally smaller and less sharply -

- dlverging than the original inlets and had lips.-that were less blunt, -
In voth cases, however, the inlet lips themselves were of a rounded,
sutgonic design. The change in normal cross-sectional-area diatribution
due to the inlet modification can also be seen in figure 3(b) but this
increment is too small to be seen in the eq_uiva.lent-body-oi‘-revolution

' Plot of figure 5(;) e e A Teed ey

’ Fusela.ge construction consisted o.f an internal steel thrust tube
with mahogany and fiber-glass fairings making up the external contours.

The nose hatch was a removable fiber-glass casting that housed the -
telemeter equipment. Access to other instrumentation was provided by .- . . .
removeble fiber-glass hatches on the top and bottom of the model. Space
vas provided also in the fuselege :tor a smoke ta.n) to aid ra.da.r tracking

The construction of the modified delta. wing vas a box bea:n ma.de of ..
spanwise steel spars with aluminum-alloy cover plates. The exterior sur-__ .
faces of the wings and fillets were molded plutic and the vertical tail o
- wa.:sma.deo:fma.cl:x:l.nedal.:.mi:‘xum49.1.1¢>y..~ T . )

The model rocket ra.cks were scaled to duplica.te the rull-scale a.ir-
plane in their location, size, and movement. (See figs. 1, 4, and 5.)
The racks were designed to operate in a square-wave motion between the -
fully closed and fully extended position by using an electric motor to
supply the torque and a programmed cam for the desired timing sequence.
Because of the hixh longitudinal loads involved during the boosted phase
of the flight, the system was designed to operate only after modele = .
booster separation. This was accamplished by installing a switch in the
base of the model to keep the rocket-ra.ck circuit qpen during booet. ’

In order to present external drag it wa.s necessary to ingtrument -
the model for intermal and base drag. The rear of the duct was choked o
with & minimm section, and a total-pressure rake conslsting of six prcbes
was instelled nesr tliis section so that internal drag could be determined
at Mach numbers greater than 1.00. Base static-pressure measurements were
made by using four static-pressure orifices spaced 90° apart around the
buse a.nnulus and manifolded together inside the model. ..

The model was booated to a Ma.ch number of about 1. 6!+ by two 6 25-inch..
diameter ABL Deacon rocket motars which were timed to fire simultaneously.
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Figure 6 is a photograph of the model-bocster combination. After the
rocket motors had stopped thrusting, the model separated from the booster
and the data presented herein vere obte.tned dur:lng the coe.sting phaee ot L

-

The quantitiee necesea.ry to determine the drag at low lirt and the

~longitudinal trim characteristics were transmitted to a ground receiv:l.ng

station by an internal telemeter system. The telemetered channels of
information recorded were free-stream and duct total pressure, angle of
attack, longitudinal and normal a.ccelerations » ba.se static pressure, and .
rocket-rack poeition. e _ e e R N
Free-stream statie pressure and temperature were o'bta:l.ned frcn a.
rawinsonde relessed at time of firing. Ground eguipment consisting of -
a CW Doppler radar unit and an NACA modified SCR-58% tracking-radar unit = .
were used to determine model velocity and position in space, respectively.

 ANALYSIS OF DATA = . on i Lt .. _.
" In addition to values of total drag coefficient cbtained from the . .

measured telemeter data the CW Doppler radar values of velocity obtained
during this test can be used to give an additional set of total-drag
values. By differentiating this velocity with respect to time and adding
the flight-path component of weight to obtain the drag deceleration, the

total draeg coefficient can be found by the following relatiomships -

._ oo -(a%f s )

A more ccmplete discussion of this method of ana.b/sie a.nd the eq_uipment
1nvolved can be found in reference - 7 L :

Be.se and 1nterne.1 drag coefficients were detennined from telemeter
quantities measured during the flight. Static-pressure measurements made
on the model base annulus were used to calcula.te 'ba.se d.rag coefficient

.franth.eequation_ ot e Lo ) L

.‘. l"-' .
) ' ~ p.Y(Base ares

Cp.p = (Pp -~ Po)( )

G ... a8 _ e
‘ R =,
. . ] \_,v S . R v Q- B N

AP ot cmmtorm =Y T e L - : - ..‘_..........‘_. o - o
N - ’
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" Cp,ant =

where ry is the ratio of épécific hea.ts.
in this investigation all of the quantities necessary to determine S
internal drag coefficient at Mach numbers lessa than 1.0< were not measured. _

. .’_'

Hith the instrmentation used. L E

' Interna.l dra.g coefﬁcient vas canputﬂd by the method or re:l‘erence ll-
- expressed :I.n terms or the equation .l . .

T I .
[ A N CENY S

_,..- L

- - Estimates were made at subsonic speeds, however, by assuming that the

values of duct-exit static pressure were the same as the measured values ;
of base static pressure. Experience with models having similar duct-exit - -
and base configurations has shown that this a.ssumntion is valid a.nd L
rea.sona.ble estima.tea usually result.. B o .

External drag coeﬁicients were determined 'by su‘btracting CD int
Inasmuch as these value-

_and CD p from the faired values of CD tot'
. of CD ext vere obtained at low trim lift coetficients and trim anglea

of a.ttack they represent essentially the minimm drag of the model for

.the test cond.i.tions discussed herein.

~ The following table presents what is felt to be reasonable values of "
the accuracy of the various quantities and coefficients presented in this
paper. Where possible, these values have teen obtained from agreement
between comparative data in this or in similer tests. :
could not be obtained fram a comparison of da.ta. the va.'Lues hava been esti-
mated on the basis 2f instrument error.- . IR :

Accu.ra.cy at -

Quantity

M 8.0-80 M = 1.6!}

M o o & o s o 0.0z) 0.010

ALy pot + o o 0.0020 0.0015

MD’b e o s o 0.0(03 0.°m3

AED gt e o - ceemne 0,000

ML’trim s e o 0-050 ° 0.010

%, des [ ’ 0330 | 0-50
-Ma-.r.-of—-;—‘——"f“ e '-'"r::'--——"' i ‘_-'__""'“—

Where the accuracy
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R T
- —— gy




——

T ﬁficﬂ'me fsmﬁzeo. |

) Mach numbers and s.ltitudes. _

_ nmnbers of the test vhen the ra.cks are essentislly fully extended the

‘As mentioned in the section entitled "Ax.alysil oi‘ Dsta" the internal'
drag coefficient could not be measured at subsonie speedsgotherefore ’ o
no value of accuracy of ACD int 18 presented at M =0 In order to

increase the accuracy of this coefficient at low supersonic Mach numbers,

. however, dual-range %iotal-pressure cells were used to measure the ducte.
‘exit total pressu.re so that st M = 1.00 the s.ccurecy ot ACD int il

l'_'.._s'bout 0. oool;. Lo

' ’ i _' f . Test Condi"ionn _."" S T

The vs.ris.tion of test Reynolds number (ba.sed on the ving mean s.ero- .

_ dynamic chord) with Mach number is shown in figure 7, and the mass-flow

ratio during the test is shown in figure 8, By operating in the range
of mass-flow ratio shown in figure 8 the model closely duplicated the -
mass-flow requirements of the full-scale airplane at probable opere.tional

Figu.re 9 presents the 'wtal—pressure recovery oi‘ tbe duct. ‘Ibese;
values should be considered qualitative-because they were measured rear . .
the duct exit and therefore represent the loss in total pressure relstive o

" to the duct exit rather than the engine rs.ce.

The position or the rocket racks during the test is shown in fig- _

. ure 10. This figure shows that the racks 4id not function properly and

a3 a result the incremental drag differsnre due to the effect of the

inlet modification alone can be determined only for Mach numbers between .
1.59 and 1.64 vhere the racks are fully closed. Between M = 0.9% and
M = 1.57, hovever, the racks are essentially fully extended and the

effects of the rack extension on the longitudinsl tzim of the model can )
'be determined :

Figures ll and 12 present the varis.tions vith Ma.,ch number or CL trim
a.nd Qprims respectively, for the model of the present test and the model

from the test of reference 2.. The model of reference 2 had the original .
inlets, & center-of-gravity location at 0.181¢, and the rocket racks fully
closed. A compearison of the data presented in figure ll shows that between
=081 and M = 0,92 when the racks are only about 44 percent extended
f.here is a negative shift of 0.042 in Cp tyyp. For the supersonic Mach

™~

.---h-’——r1‘.a~__._~_—_-‘——___. _E-' .-

e e e — e SN RS I NN - .- .

’ .
.o K . . A ., -- . -
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" these Mach numbers. R

__ range is seen to be negligible, . -

.t PR ¥, - R T i R T I

‘increment in Cp 4r4n 18 8 small negative shift which dacreases with
" incieasing Mach number until, between M = 1.40 and 1.57, the fully

extended rocket racks have no effect upon cL,trim' By co_paring the

‘data of figure 11 in the Mach number range where the rockets racks of

the present test were closed (M = 1.59 to 1.64) it can be seen that the
inlet modifications alone have no effect on the value of cL,tr:Lm betwveen

A comparison of the values of - Ggrym in figure.12 shows that there

"is a small negative shift of 0.37° due to the rocket racks being extended

at about the Lhi-percent location between M = 0.81 and M = 0.92. At
Mach numbers greater than 1.00, hccw_ever, the change in ayppg, due to

fully extended racks is a positive shift having its greatest influence
at about M = 1.37 where the shift in Qprim due to extended racks is

about 0.55°. Between M = 1.59 end M = 1.6F the racks are closed and
the effects of the inlet redesign alone on Qtrim in this Mach number

© Figures 11 and 12 indicate that, between M = 0.97 end M = 1.54
when rocket racks are fully extended, the values of cL,trim are slightly

begative while au.4, 18 positive. This condition does mot exist for the

test of referenc: 2 in which the racks were closed. Apparently the
pressure field created by the extended racks counteracts the positive -

~ 1ift incremep% associated with positive values of Qpp4m 80 that the

resultant Cp yryy 18 negative. The abrupt changes in Cr,trim and
Qiprim Which occur between about M = 0.94 and M = 0.97 are transcaic

effects rather than effects caused by rack movement inasmuch as the rack
position is constent from M = 0.94% to M = 1,57. An examination of the
telemeter record shows that these changes take place while the racks are
stationary. In general, the changes in the longitudinal-trim data in
figures 1l and 12 cesused by the full rocket-rack extension and inlet

) mo_diﬁcatiqn between M s‘O.9h and H = 1.57 &are shown to be small.

vy I

' * Figure 13 presents CD,'Eot from the telemeter and the CW Doppler

- _ tracking-radar data. Agreement between the two sources of data is very '

g00d at the higher Mach numbers of the test. Iussmuch as drag obtained,
from tracking-radar data has usually proved to be more unrelisble than

. telemeter data at the lower Mach numbers for this type of test, the faired

values of _CD,tot in figure 13 are based upon telemeter date alone below

'
M= 1028. . . ' ' i
- - - o -
B L . = Lo
. . R Lo L.
o .
e PR -
. . .
- e e - . e
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; Mensured va.luu of CD b a.nd CD int a.nd. eati.ma.ted subsonic va.luan
of Cp,int &re shown as functions of Mach number in figure 14, These

measured data were in excellent ogreement with those.of reference 2 e
although this comparison is not made in figure 14 for the sake of figure -
clarity. Throughout the Mach number range of the test, CD int is

_ nearly constant at 0. 0007 and CD b increeses fm about 0 at subuoniﬂ o
apeeda to about O. 001.5 at Ma.ch numbers a'bove 1 20. - SRS et T

The externa.l drag coefficient of the present test is compared with
that of reference 2 in figure 15 to show the effects of rocket-rack - . -
extension and inrlet rodification. Because of the vide-range instrument

- used in the measurements of duct total pressure in reference 2, the aub-‘,
sonic estimates of CD int Irom reference 2 were believed to be unre-

liable. As a result, values of CD ext from reference 2 ‘were not cor-

rected for—CD int ~ belov M = 1. 30, whereas the data of the present test
18 corrected for the estimated values of Cp,int between M =0.81 and

1.00. This should be kept in mind when comparing values of OD ext. from S
figure 15 at Mach numbers belo-.r N =1.00. : ' ‘

’
the Ty

When the rocket ra.cks move rrom 47 percent ext-nded *bo 9h percent “
extended between M = 0.93 end M = 0.94% <there is an increase of O. 0010 _
in Cp exts The drag-rise Mach number (the Mach number at whick . =~ -
"‘:’““"““'dCD/dM—s "0710) 'with the rocket racks 9! percent extended occurs at '

- = 0,96, Between M = 1,10 and M = 1.57, CD ext 18 constantat - -

! ' O 028 with the racks essentially fully extended. This represents an’ S
- increase in CD ext 4ue tc inlet modification and rocket-rack extension .
. orOOO at Mnl.lO and 0,005 at M = 1.25. From M = 1.25 16 coT

= 1,57 the increase in CD ext due to inlet modification and rocket- o

rack extension remains a conate.ut value of 0.005. When the rocket ra.cks
are fully closed between M = 1.59 and M = 1.64 the effects of the .
1 . inlet modification alone on the drag of the configuration can be deter- ]
! nined. Figure 15 shows tha.t the change in CD ext due to the 1n‘|.et L

modifica.tion is so small that it is within ‘the a.ccure.cy or the du.t.a. : RS
between M = 1.59 and M= 1.611- I C RE

P . Cor

' A flight investigation was conducted with a 0,125-scale rocket-boosted
i model of the Douglas FSD-1 airplane to determine the effects produced by
rocket-rack extension and an.inlet modification on longitudinal trim and.
external drag. The following conclusions sre indica‘bed

[ R . . . .
IR T _ .. T e g L

LY



“7 .7 7S 1, The changes produced in trim lift coefficient and trim angle of

%%, ' attack due to inlet modifications and full rocket-rack extensiom were
-9 _"_'--ema.ll between Mach numbers of O. 9% and 1.57._ . . : B

(11 1] . . R
[ ] ; .
Lo, 2. With the rocket racks fully extended and the revised inlet incore
s o porated the drag-rise Mach number was 0.96. Between Mach numbers of 1.1C
T and 1.57 the external drag cocefficient was constent at 0.028 (an average
increase of about 0.005 over tha.t of t.he model with the original inleta
, a.nd closed rocket ra.cks) _' S et Lot e
Co . Betveen Ma.ch numbere of 1. 59 and 1 61+ the cha.nge in ex‘bemal m
coefficient due to inlet modification alone vas small. o
Langley Aeronautical La.bora.tory, U ;
. Nntiomﬂ. Advisory Committee for Aemnautics 3
. . : I.a.nsley Field, Va., Apru 11, 1957,

- P;eronautical Research Engineer

,muo X Oickens
i . Waldo L. Dickens .
~ - Engineering Aa”

S b
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TABLE I.- PHYSICAL CHARAC‘IERISTICS OF A 0. 125-SCALE mDEL ) P
OF THE DOUGLAS F“D—l ABPLANE B
Area (tom), qut . o.. e s s & ® o l_-.- s s s 0 s e s e s e 3071 :
. Span, ftn A SR & o'. e v o -I.__o . 0.0 0 o 8 @ .l._I s e 'hlg
Mmct rstio ) L] L ] -* L] L ] - . L] ’ ‘ L . L] . . L I L] .- - .' ) L] s e ) L ] 2.01 M
Mean aerodmic Cmrd, b o SO s 0 s » .Il'.ﬁ I L ) 2028 L
SVeepback of lEB.ding edge, deg s e v 6 8 o 8 u e vees e 8 5 -'5 t
Dihedral (relative t» mean thickness line), deg . « o « s s o - 0.0
Taper ratio, (Tip chord)/(Root CHOTA) & o o ¢ oo o o a0 s o s 033
Mrfoil section 8t root o s v s o o + o o o o« NACA 0005 (modiried)
Airfoil section at t:lp s e v e e e e e NACA 0005 2 (mdiﬁed)‘ ]
Vertical ta:llz ' ' e : -
. Area (lesding and trailing edges extended T e T
1o center line) 8q b o P ¥ e s e e e -o . o s s 8 s 0 1.]"9 .
’ Mmct muo * L ] L] e e [ ] L L] . L ) ) L L] .. L] A ] - L] L ) L ] . » L] L] : 2.&
Eej-sht (a’mm fuselage center 11”), ft '-.'c * e ® ®» s o o o o o . .l}7
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!'.FF]:.CTS OF INIET )viODIFICATIOH AITD ROCKET-RACK EX’IENSION ON
TH}:. LONGITUDINAL TRIM AND LOW-LII-‘I‘ IRAG OF TH'E NUGLAS

FbD-l AIRPLANE AS oammnn wmx A o 125-SCALE '_'-"' { SN
ROC!G:T-BOOSTED Monm. BE’IWEE'N MA'CH Tt

NUM'BERS opo 81 AND L. 6!;

© A flight investigation was conducted to determipe the effects of '. e

‘inlet modification and rocket-rack extension on the longitudinal trim - e

and low-1lift drag of the Douglas F5D-1 a.irpla.ne. The investigation was -

" conducted with a O. 125-sca.1e rocket-uvoosted model between Mach nmbers

. _ofoalandl.@l-., o o e e e T T T
‘coefficient, and low-lift drag caused by the modified inlets-alone over -

i the teet.

" 'Prot.;bera.nces - ‘.Bodies )

'I'his paper presents the cha.nges in trim a.ngle of a.tta.ck, trim lirt

2 small part of the test Mach number range and by a combination of the .
modified inlets and extended rocket ra.cks throughout the remainder of e
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