ACR July 1941

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
July 1941 as
Advance Confildential Report

THE EFFECT OF EXTERNAL SHAPE UPON THE DRAG OF A SCOOP

By Irven Naiman and Paul Re. Hill

Langley Memorial Aercnautical Laboratory
Langley Fleld, Va.

"NACA

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-

nically edited. All have been reproduced without change in order to expedite general distribution.

L~ 33




L-331

FFECT OF EXTEZRKAL SHEAFE UPON THE DRAG OF A SCOOP
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By Irven Nasiman and Paul R. Hill
STUMMARY

The principles of NACA cowling design may be applied
to scoop fairing., 8ix scoops were built and tested to
show the advantazge of using these principles. Three of
the scoops had & good nose conitour with different after-
body lengths, and three were of inferior nose shape.

The best scoop tested inecreased the drag coefficient
of the airplane by C.0013, althousgh its frontal area was
over one-fifth that of the fuselage. The critical speed
with the best nose tested was 4C0 miles per hour. The
poorest scoop, with same entrance area. but smaller frontal
area, practically doubled the drag of the airplane.

The drag with long afterbodies was found to be fairly
insensitive to large changes in length. The longest after-
body tested, with a length of eleven times its depth, ap-
peared to be most favorable.

An appendix gives a method of obtaining the dimensions
of a scoop that will give .the lowest drag for. a given ap-
plication, in the determination of these dimensions the
power cost of frontal area is balanced agsinst the power
cost of internel expansion losses. The analysis shows that
a low form drag scoop with low velocity entrance gives the
best practical compronmise. '

INTRODUCTION

In the pest, airvlanes have been designed with a great
many scoops upon the surface; some have fairly bristled
with scoops. It is generally realized today that these
protuberances are a source of considerable drag and that
the number and size should therefore be reduced as much as
possible, While the most efficient way to take in the
cooling and engine air required by an airplane is at the
front stagnation point (fuselage or nacelle), in many air-
cooled engine installations, due %o inadequate frontal
opening, additional air must De brought in through scoops




for auxiliaries such as intercoolersand oil coolers. It

is also current practice on most liquid-cooled engine in-
stallations to house the glycol and o0il coolers in a duct
under the fuselage or nacelle. The present investigation
was undertaken to determine the cost of a scoop installa-
tion on wiich the principles of the NACA cowling (reference
1) had been applied. These principles include a nose shape
of sufficient curvature so that breakaway does not occur
over the lip of the duct at any flight attitude, and an
entrance large enough to insure small internal expansion
loss: There are presented herein several designs of ducts
in which the nose and afterbody shapes were varied.

APPARATUS AND TZSTS

The scoop tests were made on a O,4-scale model of the
XP~41 airplane with a revised fuselage 25 percent longer
than the original one. The model included canopy and open-
nose cowling with air flow, but no tail surfaces. It was
assumed that tail surfaces would have no effect on the
tests.

The tests were rua in the 19-foot pressure tunnel at
a dynamic pressure of 50 pounds per square foot and at a
Reynolds number of approximately 3 X 10° based on the mean
wing chord. The model was supported on the usuval airfoil
supports and on a special tail support having a high fine-
ness ratio to minimize dbuoyancy effects. Lift and drag
measurements were made over an angle-of-attack range from
<29 9o "50°.

Six scoops, designated A to I, were tested on the
bottom of the fuselage. The layout of the test arrange-
ments showing the contours of these scoops is given in
figures 1 and 2. All of the scoops had the same area of
nose opening, approximately 47 square inches, Scoops A
to D have well-rounded noses, increasing the projected
frontal area to 113 square inches. (The projected fuse=-
lage frontal area is 502 square inches.) These scoops in=-
crease the over-all depth of the fuselage 7%/, inches.

This large size was used in order to obtain accuracy in
testing. Scoops A to C have the same nose with afterbodies
of successively decreasing lengths (fiz. 1). The nose con-
tours may be seen in figure 3. Az the nose contour ap-
proaches the intersection with the fuselage all radii of
curvature greatly increase. A streamline nose is also pro-
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vided and was trisd on scoop A (fig. 1). The afterbodies
are tapared mostlj in depth and very little in width.
Scoop A was provided with an exit slot 10 inches long and
widths of 0.3 inch, 0.8 inch, and a 30° flep opening to
1.7 inches (figs. 1, 4, and 5). The exits for scoops B
and C were obtained by an alternate tail with the end cut

off (fig. 6).

Scoop D (figs 6 anéd 7) has the medium afterbody of 3B,
but has a sharp-e nose resulting from a simple sheet-
metal construction Eowever, the longitudinal contours of
the nose-lip are well rounded on both the bottom and sides.

Scoop Dy is the same as scoop D except that a strip

of metal is cut from the side of the soop nose. This
strip tapers from nothing at the corner of the scoop to 1
inch at the intersection with the fuselage {(fig. 2).
Scoop Dy is similar except that the strip tapers from no-
thing 4o 2 inches. The scoop nose was trimmed back to see
what drag penalty is imposed vy decreasing the nose radius
at the intersection with the fuselzge.

Scoop E (figs. 2 a2nd 8) has straight sides, so that
the maximum area is the same as that of the nose opening.
Scoop F is approximately conical in shape with a ratio of
length to depth of 3. It was designed to test the form
drag only, having no exit passage to provide for air flow,

The noses of scoops & to F were directly below the
leading edge of the wing. Scoop D was also tried with its
nose ‘8 inches beaind the lezding edge to see if the prox-
imity of the wing had any stabilizing effect on the flow
over the scoop. In this position it is designated Dy.

A baffle plate with twenty l-inch holes (conductance
area = 10.2 sq.in.) obstructed the internal air flow for
scoops A, B, C, and D. Scoop E had no baffle plate and
scoop ¥ was not tested with air flow.

The additional drag due to the cooling air (reference
1) is given by

For this model with XF = 10.2 sq in., this equation becomes
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Pitot and static pressure measurements were made to
determine the total pressure irn the nose, the pressure
drop across the baffle, end the veloeity in the exit. In
the nose of sccop &, three rows of surface siatic pressure
orifices were installed to determine the pressure distri-
bution along the suvrface. These were located on the bot-
tom center lire, on the corner where the scoop turned up-
ward, and in the fillet at the body Jjuncture, a2nd are desig-
nated a, b, and ¢, respectively, in figure 3.

A conductance area of baffl

Ay area of entraunce

Ay area of exit
c mean aerodynamnic chord of wing, 2.49 feet
e loss coefficient due to angle of expansion
) drag coefficient (D/ch)
ACD increase in drag coefficient caused by scoop
ACD’ calculated increase in drag coefficient caused by

allr flow

(o}
y

drag coefficient of scoop, based on its frontal
area

2

CL 1ift coefficient (L/qcs)

(]

pitching-moment coefficient (M/qccs)
drag force

area of duct at baffle plate

o

k ratio of scoop frontal area to entrance ares

K  conductance of baffle plate (4/F)
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M

M

conductan e of entrance

conductance of exit (4z/F)

Lift fozmee

moment about quarter-chord point
lach number

static pressure on surface, referred to static

pressure of air strean

total pressure in front of baffle plate, reférred
to static pressure of air stream

total pressure in rear of baffle plate, referred
to static pressure of air stream

static pressure at ezit, referred to static pres-
sure of eir stream.

pressure drop across baffle (pf - Pr)

pressure drop in entrance

pressure drop in exit

over-all pressurs difference when no air is flowing

mpact pressure of air stream, referred to static
pressure of air stream [1/2 pV? (1L + 1/4 A R

dynamic pressure in duct (1/2 pVp~)

ghantity of air flow

wing area,

velbcity

velocity

velocity

velocity

or

35.8 square feet

air streanm
entrance (Q/4,)
exit (Q/4p)

duct at baffle plate

(q/F)



P mass density of air stream

RESULTS AID DISCUSSION
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s that there was no particu-
S zing he pressure gradient at the
leading edge of the wing. The drag of the bdlunt nose at
zero alr flow is nct the $rue measure, for the bluntness
is present to accommodate air flow. In several cases the
opening of the exit to allow zir flow reduced the drag,
though never below the basic value of 0,0013. Inasmuch

as the calculated cooling drag increment at maximum air
flow is only 0.0002, approximately the experimental error,
the scoop drag increments with coolinz air should be 0.0015
+£0.0002. The results in table I are therefore considered

a very good check, and indicate that an external scoop in-
stallation for an o0il cooler or intercooler can be made at
low cost.
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Scoops E and F were tested to show that an attempt to
limit the frontal area of the scoop to the inlet area re-
sults in very high drag increments because of the poor nose




shape. Scoop E with a drag increment of 0.0085 has five
times the drag of scoop 3, and scoop F with 0.0137 has
eight times the drag of scoop B, almost doudbling the model
drag. Scoops D; and DIz (scoop D with cuts made at the
juncture) further illiusitrste the necessity for good flow
over the leading edge of the scoop. Scoop Dy almost
doubled the drag of scoop D.

Cooling pressure.— The pressure readings at various
places in the entrance of the scoop, benind the baffle,
and in the exit areg given as frections of the dynamic pres-
sure in tables II and III. There i& a considerable vari-
ation in the wvelue cf this pressurs at th several loca-
tions in the entrance. The boundary layer at the surface
of the fuselage cauges & lowar pressure at the top of the
scoop than at the bottom. Baczuse of this pressure differ-
ence there is set up a swirl or cross flow in the entraace,
such that ths air enters along the eentral and bottom por-
tions of the scoop, passes toward the baffle, turns upward,
comes forward along the %o s

p of the enirance, =ud .spills out along
bkis flow pettern, btane survey tubes
ccal flow, giving an erroreous
pressure reading. It is for this reason that the front
pressures appear %o Le such a small proportion of tke streanm
q. Table III shows that at high rates of air flow (which
tend to eliminate the swirl pattern) the froat pressure
readings come &almost to stream g. At high angles of at-
tack, the air flows obliquely across the fuselage, reducing
the boundary layer underneath the fuselage. This smaller
boundary layer reduces the cross flow in the scoop en-
trance, resulting in a higher value of the front pressure.

N

¥
tt
the. fillet. Because
are not alined wit

entrance is an undesirable feature
cooling, and an attempt should be
ffect of the boundary layer by a
gh and low energy air.

Thesgwizlin: $h
from the standpoint
made to eli mineta t
plate separating the h

“ith air flow the pressure drop across the baffle is
given in table III, The pressure drop was taken as the
difference detwean the baffle pressure and the rear pres-
sure. The static pressure in the exit is omitted for
scoop # becavse of faulty measurements., The exit area was
apparently too smzll for adequate air flow with scoop A.
However, the effect of the flap in increessing the pressure
drop is notable. For the larger baffle conductance ap-
proximately O0.7q was obtained. I% is realized that the
drag increase with flap was expensive from the standpoint
of drag, but in the take-off and ‘elimb It Is the cooling
that is all important.




Surface pressure survev.,- Observation of the pressure
distribution over the nose of scoop & was made without
internal air flow. This condition gives the maxinum ex-
ternal velocities and taerefore the most severe surface
pressure conditions. Surface pressures are presented for
angles of attack of 1.1° and 2.7°, representing the high-
speed and climb conditions The maximum negative pressure
on the scoop nose occurs at the lowest angle of attack.
Figure 12 shows that for an angle of attack of 1.1° the
maximum negative p/e is 1.6, occurring on the center line
of rithe: scoepP. e This valiuk of p/q corresponds to a crifi-
cal speed of 420 miles per hour at sea level and 395 miles
per hour at 20,000 feet altitude. By redueing the curva-
ture at the point of mazimum negative pressure, the veloc-
ity at this point can be reduvuced, thereby increasing the
eritical speed. In this manner a contour may be obtained
satisfactory for any desired design speed.

ATAT TTT TiTA vy
COHCLUDING REMARYL

ilie most desirabi
accessories, such as

lace to take in cooling air for

eoolers,;. infercoolers; etecs;iis
at the nose of the fu .£€e or nacelle, even if it is ne-
cessary to increase owling area. However, if it is
aecess vy to ftake ai through a scoop or underslung
duct, low scoop drzg may be secured by utilizing the design
principles of the JACA cowling. This design involves the
use of well-roundesd nose contours, thus giving a frontal
area much larger than the inlc¢t arca. Scoobs tested with
this type of nose gave not only a low drag increase but
a critical speed of 400 miles per hour with no air flow.
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was found to be quite insensitive to

ag
changes i Fternody lurgtb in the range of four %o eleven
times the scoop depth. EHowever, with air flow, the drag
decreased slightly with increasing length, the lowest val-
ue being obtained with scoop A. This scoop was of such
length that it pr;cnlually merged into the Dody without a
breakx in the contour lines, Complete disregard of the
principles of fairing resulted in a scoop which almost

doubled the dreg of the model.

Langley Memorial Aeronautical La homationy,
National Advisory Committee for Aeronsutics,
Langley Field, Va..
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APPENDIX

Analysis of Scoop Design

m >

The results of is study may be incorporated into
the known principles of scoop design. The design of a

scoop may be divided into two parts: the design of the

duct and the design of the external shape.

The duct.- The duct consists of an entrance area, an
expansion region, the working region, and the exhaust
region. Tor a carburetor guct the carburetor is the work-
ing region and tkere is no exhaust region to be considered.
The working region is the one in which the o0il cooler,
prestone cooler, intercooler, ‘or aiz-cooled eagine is
placed. The cocling specifications for this region in-
clude a certain gquantity of air flow Q at a certain al-
titude {deterzining the air density p). The heat ex-
changer has a frontal area F and its internal resistance
is such that a pressure difference 4p 1is required to
secure the regquired quantity of air flow. These elements
may 211 be included in one quantity, the coanductance,
given by

(O

I}
<,
X s o et (1)
Fl\/’ 2Hp
1 <A 1 2
(0 o 8 2 P “‘-»..b—' / ‘é‘ o) VF qF
= = = = (2)
Ap Ap Ap
where Vg = Q/F anéd q; is the dynemic pressure in the

duct at the heat exchanger. For oil and prestone coolers
E is approximately 0.5, for intercoolers 0.2 to 0.3, de-
pending upon design. Tightly baffled air-cooled eangines
vary from C.10 to 0.18 depending upor the number of cyl-
inders; loosely baffled engines may be as high as 0.5.

The over-all pressure difference AP is equal to the
difference between the tetal pressure at the entrance to
the duct system and the static pressure at the exit. In
addition to the pressure ioss Ap across the heat ex-
changer, there is aa additional loss A4p, due %o expansion
in the entrance. A4p, and A4p are total pressure losses
and appear as drag of the cooling system. The pressure
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difference remainiug after deducting A4p, and 4p from
AP is the differsnce beltween the total pressur
exit passage and the static pressure at the exit.
pressure difference may be designzited A4ps and i
course, eqgual to the dynamic pressure of 3
exit,  The pressure equation is ti 3

If the dvet system is vary long, a further allowance will
o)

nhave to be made f

Inasmuch as the entrance losgss & is =z total pres-
7 b

sure loss, whereas Pz is 'the dynamic pressure of the
exdt lair, It is 'seen that any throttling of the f£low
should occur by constriction of the exit. Throttling 7in
the entrance region can be accomplished only Dy pressure
loss with a conseqaent increase in drag.
Zntrance and exit conductances may be defined in a
manner similar to equation (2).
2

Ky = qp/bp, (4)

i @ B

Z2® = qp/bp2 (5)

Eguation (2) may be rewritten as

AP 4p,  Opa
T = LR = F e
Lp Lp Lp
1 / T\ 2 /7 \2
= 1 * R 6
Tan ‘el pir %)

In order to secure the proper apportioament of the
over-all pressure AP, it is thus necéssary to make X,
as large as practicable (to reduce the entrance loss) and
to make K; as small as is necessary to balance the equa-
tion, i ;

The entrance conductance K, may be determined as
follows. The expansion loss in the entrance region in
passing from an area A; to an area ‘F is given by
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p 3

bp. = ¢t oV~ (1 - =2
Py 2 Ry K ¥ J
Upon substituting A4,V = FVF, then
N 8
7 s/ 2 \
A = ¢ = v —— - 1
P1 : P'p \Al /)
. 2
¥
= C 4m / o
jt o4 \\Al /
where ¢ 1is a factor dependeant upon the 2ngles of diverg-
ence of the walls (fig. 23)(refersace 2), and V, is the
velocity at A,, and YV, 1is the velocity at ¥. Then
. 2
18 A [ B b
= pl= C&-.—-- X (7)
2 51 l/
“q qF %

This function is given in figure 14. The range of ¢ is
from 0.13 to 1l.21 approximately 1:1C; that is, the worst
internal expansion will have ten times the entrance loss
that a pnerfect ons would have. The effesct of an sxpansion
anglie larger than the optimum can be easily compensated

by increasing the entrance arees somewhat. (See fig. 14.)
Thus, an opening only slightly larger than the minimum
will permit a short entrance length.

From equations (2) and (4)
1 Ap,
— Py
Sq X AP

Thus, with X and &p specified, selection of bp, de-
termines X,. Conversely, if the geometric design is
selected, Ap,; 1is determined. For example, for a radiator
with a required pressure drop of 40 pounds per square foot
K2Ap = 10 pounds per square foot. If tne entrance arsa is
0.45 F, the entrance loss is between 2 and 18 pounds per
square foot. An increase of arez to 0.55 F sets a loss of
8 pounds per square foot as an unper limit with 3 or 4 as

a more probable wvalue.

The problem of the permissible entrance loss is tied
up with the problem of securing’ zdequate air flow in the
climb conditions. Because of the low air speed the ensrance
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The exit conductance K, may be determined as fol-
lows:

2
Apz = l‘- pVQ
2
o (& a7 2 '/1%\]2
. ‘m =
2.: a4 \\TF /I
NPT | >2
W
for F"F = A5V5. The exit conductance is thus given as
2 5y /A Lo (: /?)3
£3° 5 Qup/APg = \Ag /!
or
Kz = Ag/F (8)
An exact method of determining the dimensions of Ap
for all flow conditidons is rather difficult. Eowever,
two general ru*es may bs used as a first estimate: (1)
I£  A4Apo > 0% the minimum area of the exit perpendicu-

lar to the fLOH lines out of the slot is a good estimation.
(2) If Apz < 0.5q, an area larger than that computed by
the above formula will have t0o be used since the velocity
distribution across the slot is not uniform.

External degien.~ The flow patitern of the air ap-
proaching the entrance destermines the external design of
the scoop. If the entrance velocity approximately equals
stream velocity the streamlines will be nearly straight.
A shapp lesding edge would be permisgible under these con-
ditions. When the ratio of entrance velocity to stream
velocity is low, the streemlines turn sharply outward and
after passing the edge of the scoop entrance must again
turn through approzimately 90° to resume their original
direction. This low ratio is usually the condition with
high flight speeds, since the upper limit of this ratio
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is determined by the cooling requirement in climb. A
well-rounded nose contour is necessary to prevent the oc-
currence of high negative pressures with attendant com-
pressibility and separation losses. This design, of
course, necessitates a projected frontal area much larger
than the intake opening in order to secure the proper
fairing., Just as in the case of the NACA cowling, the
radius of curvature of the longitudinal nose contours
should gradually increase toward the rear to avoid a2 sudden
decrease of negeative pressure.

Afterbodies must be of sufficient length to prevent

‘the occuarrence of separation. 4n estimate of the proper

length may be obtained from the test results. It may be
well to complately merge the afterbody into the rect of the
airplane.

Although the proper entrance size will probably be
determined while designing the duct, it is of interest to
know the entrance area or scoop size which will make the
sum of the in%ternal and .external drag a minimum in cruising
or high-speed flignt. This may be found if the form drag
coefficient based on frontal area ©Cp 1is Imown for the par-
ticular shape of the scoop. The frontal area may Dbe con-
sidered o be the meximum section area bournded by the scoop
and the original lines of the airplane. The scoop drag is
equal to the form drag plus the drag chargeable to internal
flow losses. .Expressing the frontal area as a coefficient

times the entrance area k&, the drag equation is
o i3 P
B Q A

D:qukAl+ch/ "'1‘/ ._‘.|.j.'..:.p.+...
Al / 7 v

The rate of air flow '§& and maximum duct area F will
be considered as fixed quantities. Differentiating with
respect to the entrance area, we obtain the relation for
minimum drag:

dk /NS
leCe Rilasdnacs = 2c‘ ity Q;_‘ S . 1) =0
£ £ ld,g‘\.l FV) i\/ \ A

=

L1
aa
in

o

is unknown except for the case where

The value of

1
the scoop fairing remains geometrically similar with chang-

ing size. Here 2L =0
dd, i
. ey . ' A
If, in addition, we substitute KM/—B iiflo R
tion takes the form 4

and the second term drops oute.

2

7V the equa-

e
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Degign Illustrations

The epplication of the above formulas to the design
of a low drag scoop is illustrated in table IV. The opti-
mum scoop design is obtained when the sum of the power
loss due to external drag and the power loss due to the
internal expansion it a minimum., If the form drag of the
scoop is large, it is best to decrease the frontal area
at the expense of increasing the internal expansion lossj
while, if the form drag is low, a small internal loss
gives the best design. If the internal expansion loss
can be kept small by perfect expansion ducts, high velocity
entrances may be used; but the amount to be gained by im-
proving the internal expansion loss is very small if =
low form drag scoop is used in the design. The above ob-
servations lead us 4o select a scoop that has low form
drag and a low velocity entrance.

The table is constructed for a flight speed of 400
miles per hour and an altitude of 20,000 feet. Rates of
flow are determined for an intercooler with a conductivity
of 0,2 and a reguired pressure drop of 60 pounds per sqguare
foot, and for a radistor with| & conduetivity of 0.5 andta
pressure drop of 40 pounds per sguare foot. -The expansion
coefficient to be used depends on the angle of divergence
between the duct walls and consequently on the distance
between the scoop entrance and the heat exchanger. For a
round duct with an angle of divergence of 5,22 figure 13
gives a loss coeffic _ien+ of 0.13. A great duct length
would be necessary to install such a duct for usual values
of A, and %%. Also, expanding ducts are usually neither
round nor straight. The value of ¢ = 0.13 is used in the
table to represent a2 limiting condition rather than one to
be attained. The value of ¢. = 1.0 represents a sudden
expansion,

The form drag coefficient based on the scoop frontal

area, Cf, depends on how well the scoop is faired and how
much frontal area it -adds to the body on which it is
placed. The lowest value obtainable is the increase due

to creating a nose opening in a stresmline body withcout
increasing the frontal area. Refzarence 4 gives a value
of Cf = 0.008 for this case. This value may be regarded
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merely as a lower limit for an entrance located approxi-
mately at the forward stagnation point. For a well
faired scoop placed so that the frontal area of the air-
plane is increased by an amount equal to the frontal areca
of the scoop, a value of Cf = 0.059 obtained with scoop
A may be used. The values of O, = 0.79 and OCp = 1.5

obtained with scoops E and F are included to show the ef-
fects of high form drag.

The ratio of projected frontal area to entrance
area, kK, is determined from the fairing layout. Its value,
of course, depends on whether the scoop is faired for a
low- or a high~speed entrance. Values of 1.0 and 2.4,
corresponding to the scoops tested, are used in the table.

Column 7 of table IV is computed from the relation

gy [S2

q

SIS

Rearranging the equation for minimum drag by putting 211
known constants on the right side gives

'

/ "
el Y

:” ll-.t_‘
(&
¥ iV

A
The solution for E% may be obtained from figure 15 and

is given in column 8. The best entrance velocity, given

in column 9, equals < // 1\ -
F Jes

The external form dreg and the internal expansion
loss may be expressed as a parasite drag coefficient based
on wing area.

A /2 2
A F 3/ Lp\ sy N\ F
10 ._.l.>(_>+ K e = i - G
f(F X8 . <q/ \Z Jon BT Sy

The first term represents the form drag, the second the
expansion loss, and G their sum. Numerical values
b

computed for F = 2.5 square feet and a wing area of 300
square feet are given in columns 11, 12, and 13.
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Table IV shows' the shift of the optimum entrance area
and veloclty 'with ‘change "in ""C_.. ' In "examples 1 “to "4, Yas
S

Cf decreases from 1.5 to 0,008, the optimum —~1 inecreases

: v ; g . A
Freom OY12 Yol Opdld i T%' varying inversely with 1% s

5. This means that, as the form
is most efficient to lower the in-
ing the size of the scoop.

drops from 0,94 to 0.2

drag is decreased, 1%

ternal loss by increas
Ine efifeet of chenkineg ‘o friom 1.0 to 0,13, as in

examples 5 to 8, is approximately to cut the optimum

Al Vi

— in half and doudle

. In examples 9 to 16, the con-

-
'S

[N

ons chosen for the rad

(N

dit

L

5
A

=

varies mearly as — or is nearly doubled;

l

ator approximately doubled the
alr flow; ‘2

)
¥

pd

t uncheanged.

Ry

~X. dis almo
v

It may be observed that the parasite drag coefficient
has the same trend as the form drag coefficient Cgp.
" ; f
In examples 1 to 4, as Cf is reduced from 1.5 %to 0,008,

GDP drops from 0.0029 to 0.0001,

Reducing c¢ - from 1.0 to 0.13 by introducing a gradual
expansion 1s shown In examples 5 to & to reduce Op over
. P

40 percent, . However, in comparing examples 4 znd 8, this
reduction 1is too insignificant to show in the fourth deci-

i ;
with 77 = 0,25 1s similar to the.

D

mal place. Example

open-nose cowling. Evidently, with this low entrance ve-
locity it is immaterial whether a sudden or a gradual ex-
pansion is used. On the other hand, with a high entrance
velocity a gradual expansion must be used and the utmost
care must be taken with duct design to prevent excessive.
losses., Irrsgularities in the entrance region easily upset
the flow, and an ideal expansion is thus difficult to
realize in practice. If the design calls for a small en-
trance and ideal expansion is not realized, the internal
loss will be much greater than the external drag saving,
It is therefore desirable to use as good an expansion as
convenient and to use an expansion coefficient of unity in
the design computations.

It is alvays necessary to comnpare the internal pres-
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sure drops with the over-all pressure drop available for
all flight conditions. This comparison may demand the
use of a scoop larger than optimum.

CONCLUDING REMARXKS

L-331

The 111ustrat*ons show that tne optimum scoOp is de-
termined by a compromise between the power losses asso-
ciated with external drag and internal losses so that the

.sum of these losses is a minimum., Obwviously, if the scoop
has a large form drag, the size will be reduced and the
internal losses will be increased to obtsin the best com~
promise. Coaversely, if the scoop has a low form dreg,
the frontal aree will be made relatively large thereby
reducing the internal losses to give the best compromise.

In the latter conrdition involving the scoop having
low form drag, a trivial reduction in power can be ob-
tained by reducing the frontal area dus to employing ducts
having ideal expansions., However, the experience and
knowledge reguired to obtain this trivial gain are out
of all proportion to the advantage to bs obtained.
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TABLE III.- PRESSURE DROP ACROSS BAFFLE PLATE

—— _— — 7

x , .
| _  Pront pressure, Dg/q

i
Scoop| a A Ee | | Rear |Exit bp/q
(deg)l (sq in.) (sqg in.)! s BN
| dose | Lip | Baffle |~ r/ *|~e’"™

0.54 |-=== | 0.60

1
|
|

0,54} ---=10.06

|

-2.1 ) . !
ERE L 3.0 63 |wems | .67 | SEBEesEel .08
8.7 | i i 80 [=~== | .80 | B9f====| .11
=2.1 || K i JE5 |====1 .81 | .40|=---} .21
Bo1]” 5.1 |} 6.0 | .65 |====EiEE . GHEENIIENE—.
8.7 || § | .8l j=m-= i .78 | .B3|---=! .25
3.1 | N | eB4 eeem f .67 1 -u19femen| .86
g1 5817.0 | .74 l-ce= | .76 [ ~.16|=-==]| .91
R | ] | .86 | ~eanii }-.oe EHNE H
-2.1 ) N B4 jm—m= | .59 | LBlj--==|--=-
kil | b 3.0 | .64 ) ~=—eIE . GE N SN
8.7 | /! LBl lmmem | 77 | 78] e amee
-2.1| N .56 |—=== | .81l | .BV?|--==! .04
1,1\ r10.2 |} 6.0 | .65 j-=<=if8, G0 T SRS .05
§.7 L | .84 |m-== | .79 | .72|--=-| .07
-2.1] n | .74 [=e==| .71 | ,10{----| .61
3. | 17,0 | .82 j---- ! .76 | ,18|----| .63
8.7 1, 3, .94 [ ~--- .82 | +20|-=-~| .62
e f _.,,.L_.__. —— e

0.64 L ORS7 OS2 |0.07

ec}
(ool o aV]

N

[ . i E s T
! . 5 f 090 ! ¢80 ’ .68 015 .12

T

AV]
N
[¢]
-3
(oa]
(%2
.
o
o

10,

0.61 0.5710.24(0.04
. B7 .61 .26 .06
.78 70! .32] .08

Q

i

@
. o
e o )

-

10,2 7.4

-
~2
w0

0.66 0.65/0.120.11
: 71 0L ) e
.76 | .82 RO R SRS | <15

(=)

o

(=)
e

1
gl 1
« e
]
©
.
fab )
o
.
(9}
(8]

(00]
4V}

- i 0.39/C.0B |~---
- 48] LG |-=---
16

e S SR

"’20
E I
8

Upen 6.0

~3

8The 30° flap.




TABLE IV.-~ SCOOPS FOR MINIMUM DRAG

400 moh - 20 OOO ft al'tltvae

W] @ @] @ [®]|@ o] .Lmi (10) | ()* | (12)* (1)

' i g i T

s | e e ,

Example K f(lb/ | c Cf K | Q/F i Al ! V'\ ' Vl e .A.l 2 LN 3/2 T ,\-J 7

sq £t) | (epe)| T lpw)] T % w1 (T) G0 5| O

e R A A R ———————————————_——
o o L

1 ol g 1 1.8 11 10.112, 373 1 0.94 | 0.0020 0.0009 0.0029
2 ° | el T8 L e s W86 809 .77 0 .0013 0005 .0019
3 ‘o ! I'Sol | .05912.4) 77! .234' 179 | .45 | .0004 0002 | .0006
R B B e e e
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6 s Sw| -181 .79 {1 1. o) .071] 594 '1.48 | .0007 .0003 | .0010
7 = | ggm! 3! .08912.41 | .13 341 | .8 | .00OR .0001 | 0003
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*Calculated for F = 2.5 sq ft and § == 300 sq ft.

ot
o

ce




L-331

‘"VOWN

STREAMLINE NOSE”

BAFFLE PLATE-

FlGURE | - LAYOUT OF TEST ARRANGEMENTS SHOWING SCOOPS A, B, AND G.
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F IGURE 2 - LAYOUT OF TEST ARRANGEMENTS SHOWING SCOOPS D,E,AND F.
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NACA

Figure 3.- Nose for scoops A,B, and C. Static pressure
orifices at &, bottom center line; b, corner;
and c, fillet.

’ AC A
21018

Figure 4.~ Model with scoop A, exit closed.

Figs. 3,4
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Figure 5.— Model with scocp A, 30° flap.

Figs.

5,6
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Figure 8.- Model with scoop-E

exit open.

Figs,

7
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Figure /2, - Static-pressure
d/stribution
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NACA Figs. 13,14
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the coefficient C.
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