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THE EFFECT OF SPINNER-BODY GAP ON THE PRESSURES AVAILABLE

FOR COOLING IN THE NACA E~TYPE COWLING

By John V. Becker and Axel T, Mattson
SUMMARY

Tests of a 1/3—scale model of an NACA E—type cowling
were made in the 8—foot high—sveed tunnel for the purpose
of determining the effect of the gap between the skirt of
the hollow spinner and the cowling proper on the pressures

available for cooling. It was found that even a large gap

(0.096 in. on the model) had no appreciable effect on the
available cooling pressures,

INTRODUCT ION

The NACA type—E cowling has a hollow spinner through
which the engine cooling air is admitted, The propeller
hub and Dblade shanks are covered by an inner spinner and
fairings that also serve to provide blower action for the
ground and climb cooling condit ions, A principal charac—
teristic of the cowling is its external shape, which per-—
mits the attainment of very high critical compressibility
speeds, provided an inlet velocity of 0.4 free stream ve-—
locity or greater is maintained. The external lines of
the cowling were obtained from noése shape B of reference
1., liodels of this type of cowling were designed and
tested in the investigations described in references 2
and 3, A photograph showing the general arrangement of
the E—cowling spinner employed in the present tests. is
shown in figure 1. '

Two general methods have been suggested for design—

ing the spinner—body gap for the E cowling. In one method

the gap is made very small and the flow npassage is re—

stricted by seals or lsdbyrinths in order to reduce the air

flow to a minimum. This design obviously presents manu—
facturing difficulties and the flow restrictions cause
energy losses in the gap flow, In the second method the




gap 1s designed as an aerodynamically efficient air out—
let, shaped to make both the internal and exbternal flow
losses at the gap as small as possible, As no attempt is
made to keep the gap size very small and no restrictions
are placed in the path of the flow, this désign is simvle
to menufacture, This second arrangement, however, has
been questioned on the grounds that the presence of a
relatively large unobstructed gap might adversely affect
the pressures available for cooling in the main body of
flowe The present investigation was therefore undertaken
to determine the effect of gap size on the available
cooling pressures,

The effects of gaps of two sizes on the pressures
available for cooling were measurcd, For comparison the
Pressures available with gap sealed were also determined.,
The data are analyzed and discussed in some detail with
the intontion of clearing up several misconcentions that
have existed regarding the effects of the gap,

SYMBOLS

AH 1loss in total pressure across spinner

v velocity of air stream

n propeller rotational smweed
D propeller diameter

p alr density

, 2 TP |
q dynamic pressuro \?pv j
s

Cp thrust coefficient /i¥§¥%§\

\ pn#d*
Q - flow quantity
Subscripts?
0,1,2 stations in flow systeu shown in figure 2

Py condition with gap open

S condition with gap scaled
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FLOW RELATIONS

Figure 2 represents the streamlinegs of the fliow
entering the cowling for the gap—open and gap—secaled
cond¢itions, Inasmuch as the flow quantity required for
engine cooling is the same for each case, the stream—
tubc area (A, on fig, 2) far ahecad of the cowling cor-—
responding only to the cooling—air flow must be the same
for each gap condition, It is shown in reference 4 that
the pressure built up at station 2 in front of the engine
depends solely on the ratio Ay/Az for a given flight
speed and diffuser losse. In the case of the present
tests, this ratio is constant for all gap openings and
the pressures available at station 2 will thus Dbe the
same regardless of gap size. Any effect of the gar on
the pressure at station 2 must therefore arise from one
of the following secondary considerations, which were
neglected in the tests of reference 4,

1., The total flow quantity in the spinner is greater
for the gap—open case because of the flow through the gap.
The skin—friction and diffuser losses within the spinner
will thus be somevhat greater with the gap open.

2, The suction of air through the gap could conceiv-—
ably improve the diffuser efficiency of the spinner
through a favorable boundary-layer control action,

The incrcasecd spyinner—diffuser loss with the gap
open (item 1) car be evaluated on the assumption that the
spinner lossos vary as_the square of the flow guantity,

hntl is ,

Qe \®
AH . = AE{S<’G£ ) £ iy

Effects due
the gap (item 2)
methods,

t0 suction of the boundary layer through
can be evaluated only by cexperimental

¥

t is clear from the foregoing discussion that any
adverse effect of the spinner gap on the available cool-—
ing pressures will be restricted to an incrcase in.the
skin-friction or separation losses in the spinner itself,
Because the gquantity of air passing through the gap is
small in relation to the total flow, and because the skin—
friction and separation losses in thc spinner are usually




also small, any adverse effect of the gap will obviously
be very slight.,

MODEL TESTS

The model employed in the tests was dosigned for pre—
liminary testing of propellers at high forward speeds. In
order that the propeller thrust at very high speecds be
accurately measurcd, it was required that the body drag be
low., 4As the critical speeds of conventional cowling forms
are considerably below the maximum test speeds attainable,
it was necessary to emnloy an E—type cowling. The interior
design of the cowling was governed by the model propeller—
hub dimensions and the motor installation. No attempt was
nade to simulate an air—cooled engine installation or to
secure high efficiency for the internal flows. The blade-
shank fairings, Tor exanple, were not streamline sections
but terminated at the rear of the spinner where their
thickness was &% inches, Figure 3% shows tlhe general
arrangenent of the model ancd spinner. The external lines
of the model were similar %o the basic fu 1selage shape of
the model tested in reference 2. The bulbe on the bottom
of the cowling shown in figure 3 represents additional
space for ducting auxiliary air unae"uea+ﬂ the engine, as
eéxrlained in reference 2, 3

The tests consisted of the me it
in a survey plane 1 inch behind the spin: o A 10—tube
rake of static— and total—pressure tubes was employed,
Tests were made with the gap sealed, with a 0.034—inch
gap, and.with a 0. 096—inch gap. Runs were made with the
s“lnrcr both stationary and rotating at 2 V/nD ot 1o 658
(baseo on the propeller diameter, fty. In the runs with
the spinner rotating, the gep—sealed condition was attained
through the use of a lubricated leather sezl., Additional
data pertinent to the gap tests are tabulated as follows:

0L Dressures

i

Esat moper . VL WRlTes DAY HOUT ; ' » %' » 5 s & o' & o 125
Dynamic “re« ure, g, pounds per 8square foot . . . , 39,7
T /0D fores o et dn ae sl RNOT: TROE. « &' s sewel s o .. 0 1,66
Propeller dianmeter, D, i aiolie (xhvnet ki 82816 Sbet s e 4

inler s yeloalds Satios Tad Vi s svdrns ot fbl b o a0 w085
Inlet fF Bl e BqlpTer 2Reban! sl e 9o sum B30 s b0 s OsB6Y
Duct area at survey plane, Eanarie. Beoby s b s o w6l o kb5
Ah/qn(for Pl Labt it % be bo 8 @i 3F son! bilow 5! DLLO
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he 7V/nD of 1,66 for the rotating-spinner runs
corresponds to the climb flight condition in which the
spinner blades produce an appreciable thrust and thereby
increase the duct pressure at the gap. The value of
Cp (= thrust/pn2D®) for the spinner was 0.0016 based
on the 4-foot propeller diameter.

In the rTun with. operating propeller, the increased
pressure behind the propeller (due. to the high thrust
coefficient at which it was operating) reduced the amount
of air flowing through the internsl system. Thus, as
indicated by equation (1), the spinner diffuser loss was
correspondingly less than in previous runs. Ta oydier
that a direct comparison with the other data could be
made, the data with propeller opsrating were corrected
by equation (1) to the same flow rate as the rate with-~
out propeller. The flow quantities were determined from
duct-velocity data computed from the rake survey measure-
ments. '

A further correction was required for the propeller
run because of the change in the angle of the flow
impinging on the tubes of the survey rake. Owing to
the reduced axial component of the duct velocity, the
twist of the air leaving the blower was greater for the
propeller run than for the runs without the propeller,
This increased angularity affected the reading of both
the total- and static-pressure tubes. The angle change
was computed from the blower torque and the correspond-
ing pressures were corrected by the use of calibration
datie for the btubess.

There was virtually no variation in the flow gquan-
tity paessing through the cooling ducts for the ssveral
gap arrangements, and no corrections were required for
any of the data except in the propellsr run,.

TEST RESULTS

The results are prssented in table I as increments
of the average total pressure at the survey plane. A
positive increment indicates that the total pressure was
greater with the gap open than with it closed. Table I
shows that, for constant-flow guantity through the cooling-
air duct, the net effect of the gap was to lncrease
slightly the pressure available for cooling. Just the
opposite effect might have been predicted in view of the




fact that, with constant cooling-air flow, the flow quan~-
tity through the spinner is greater with the gap open
than with the gap closed. It is clear that the flow
through the gap must have a beneficial effect on the dif-
fuser efficiency of the spinner which more than nullifies
the increased skin-frietion losses.

For the purpose of evaluating this favorable boundary-
layer~control effect, the pressure-loss data were corrected

to the condition of constant flow guantity through the
spinner rather than through the cooling-air ducts. Equa-
tion (1) was used to accomplish this correction. The
data so corrected should indicate the magnitude of the
boundary-layer-control effect since, with constant-flow
quantity in the spianer, the skin-firction and sepération
losses are identical for all gap conditions except for
the suction action 6f the gaps. These results are also
shown in.table 1I. ‘With the largest gap, the favorable
effect amounts to about 25 percent of the over-all loss
in total pressure through the spinner (AH = 0.10q). This
effect is great .enough to warrant further investigation.
In a spinner with larger area expansion ratios and larger
diffuser losses, proportionately larger gains from the
gap might be possible.

GAP DESIGN

Both the analytical considerations and the test
results make it evident that there is no necessity for
making the gap size very small. A gap l/4-inch wide,
full scale, can have no appreciable adverse effect and
may have a slightly favorable effect.

The gap should be made so that the air may pass
through it with a minimum of lost energy. An attempt
to aline the outlet flow with the external-flow lines
over the spinner should be made a%d the cowling lines
near the gap should be slightly undereut below the basie
contour in order to prevent 2 local peak in the pressure-
distribution curve. TFigure 4 shows a sketch of a sug-
gested satisfactory gap shape.

When the spinner is being designed, the flow quan-
tity will determine the inlet-area and blade-fairing
details., It is obvious that the design flow quantity
should be the sum of the air reguirement of the engine
and the flow through the gap.
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CONCLUSIONS

The following conclusions are bascd on a conserva-
tive appraisal of the analysis and the test data:

1, The pressures available for cooling in the NACA
E-type cowling cannot be adversely affected by the
spinner-body gap except in that the skin-friction and
separation losses in the spinner may be augmented by the
increased flow rate in the spinner due to the presence
of the gap,.

2. No attempt nced be made to make the gap size very
small, A gap 0.096 inch wide on the model tested (about
1/4 in. full scale) had a slightly favorable effect on
the available cooling pressures.

3., The gap should be designed to provide a flow
passage of minimum serodynamic loss, The joining of the
internal and external flows should be effected without
disturbing the external flow; that is, the cowling con=-
tour should be undercut slightly behind the gap.

Langley Memorial Aeronautical Laboratory,
Natdonal -Advisory Committee for Aeronautics;
Longley Field, Va. y
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TABLE I

INCREMENTS IN TOTAL PRTISSURE BEHIND SPINNER

DU

td

T0 EFFECTS

td

oF

GAP FLOW

tih4)

Gap size

Spipner stationary
¥/aD = 0

Spinner rotating
¥/nD = 1,66 .

Constant flow quantity through cooling-air duct

Sealed
0. 034

. 096
&, 096

B e A ———

ot
. 006
w Qb
. 018

| Constant flow quantity through spinner

Sealed
0. 034
0096
2,096

. 013
. 029
.035

&With propeller,
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Figure 1.- NACA E-cowling spinner.
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