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By Eastman N. Jacobs
SUMMARY

This paper gives results of a short investigation of
the drag of a forward-sloping closed—cabin windshield.
The drag of the windshield in both the original and a final
modified form was determined from tests in the variable—
density wind tunnel. The final form of the windshield
was arrived at by modifying the original as the result of
fiow observations in the N.&:C.A. smoke tunnel. The in-
vestigation was made primarily to study the utility of
the N.A.C.A, smoke tunnel as applied to the problem of re-
ducing the drag of objects for which the full dynamic
scale could not be approached in the smoke tunnel, but de-
signers should find the results of the flow observations
and drag measuremoents of valuo because they show that most
of the large drag added by the original windshield is elim~
inated by the modification of the windshield to the final
form,

INTRODUCTION

The windshield of the modern high-speed transport air-
plane avpears in many instances to be coanspicuously lack-
ing in aerodynamic refinement. A short investigation of
such a windshield was therefore congsidered desirable. The
investigation consisted of drag tests in the variable-
density tunnel of a given type of windshield and of a mod~-
ified form of the windshield arrived at as a result of air-

flow observations made with model windshields in the N.A.C.A.

smoze tunnel. Thus, the investigation also permitted a
study of the utility of smoke-tunnel flow obscrvations as
applied to a practical enginecring problemn,

Various pieces of apparatus previously designed for
air-flow observations have permitted tests to be made
only at very low values of the Reynolds Fumber, most of
the tunnelsg being of the order of 1 to & inches in diam~
eter., The National Advisory Committee for Aeronautics,
in order to allow the direct observation of air flows at
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larger values of the Reynolds Iumber .and.to permit greater
ease of construction of the models, lHas designed and con~
structed a smoke~flow tunnel having a throat 2 feet in di-
ameter, ~Thne dynamic scale attainable with this equipment
is still rather low, the velocity being limited to about
10 feet per second. However, by using enlarged replicas,
full=scale Reynolds Numbers may be reachcd for small oD~
jects such as round and streamline wires., TFor most of the
flows in which the aeronautical engineer is interested,
however, full-scale values of the Reynolds Number cannot
be afproached.

Whlle the tests with Wthh thls report deals were made
;prlmarlly to study the utility.of the N.A,C.A. smoke tun~
nel as applled to the oproblem of reducing the drag of an
objcct at a large value of tho dynamie gcale, the valuabloe
results were obtained from the drag mneaguremonts mado T
the varlable~d0n°1tg wind tunnoel.

PRSTS

Tnu W1ndsh101d over whlch the flow was studied in the
N.A.C.A., smoke tunnel was formeéd of Plastlclne on an 6x—
isting model fuselage used in connection with some other
tests made in the smoke tunnel. The form of the windshield
was made to simulate roughly the forward-sloping V-type
used on the Boeing 247 transpori. airplaue. After the flow
had been observed in the smoke tunnel, the windshiocld was
altered in various ways aund the flow observed after csach
.alteration, investigating the effects of modifying the
windshield slope, the shape of the roof over the wind~
shield, the plan form, and the addition of guide vanes at
the outer edges of the wipdshield. As a result of these
observations a form of windshield was. developed that will
be referred to as the final form. ’

The tests with which this report is principally con=
cerned were then made in the variable~density wind tunnel
at a valuc of the Reynolds Number of approximately 3,000,000
(based on airfoil chord - see fig. 2) .of a model with the
original and final forms of windshield, The windshields
were built. of plaster of paris on an existing aluminum al-
loy airfoil and fuselage combinatlon previously. employed
in connection with 1nter;erence investigations.
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DISCUSSION

The flow observed over the original windshield form
is shown schematically in figure l. Separation occurred
on the top of the windshield as indicated, particularly
at sections to either side of the center line. Three vor—
tices were observed to form forward of the windshiold as

.indicated. These vortices were continuous and streamcd

back along the windshield and, in plan view, left the fuso-
lage surface at the outside edge of the windshield, pPro=
ducing a kind of separation.

The subsequent alterations of the windshield were made
with a view to improving the flow conditions about it with-
out departing too much from the practical form. It was
particularly desired to retain the forward-sloping form as
this form was considered very desirable with respect to
visione. However, it was considered that the roof form be=
nind the windshield could be modified, The sharp corners
at the junctures of the forward windshield panels and roof
portion were therefore eliminated by building vp the roof
portion sufficiently to permit tiac rounding off of these
cornerss This change might be accomplished in practice
by means of a formed celluloid roof portion.

Several forms of guide vanes, or auxiliary airfoils,
were introduced at the windshicld cdges where a break oc-
curs in the plan view in an attempt to control the vortices
that passoed off at thesc points. Such devices, aside from
the fact that thoy appeared rather incffective with respect
to their action on the vortices, were considered objection=
able and in practice would have to be constructed of glass
in order not to interfere with the field of view. 1Instead
of using such devices, the final form was reached by alter—
ing the plan~form shape. Two additional flat windshield
sections were introduced to reduce the abruptness of the
break at the sides of the windshield. As a result of the
modifications, the flow over the top was fairly satisfac~
tory and the flow at the sides was definitecly improved,

The vortices forming in front of the windshield were, of
course, still present,

The original and final windshield forms are indicated
in figures 2 and 3 fron photographs of models employed for
the tests in the variable-density wind tuwanel. The results
of these tests at a Roeynolds Number of approximately
3,000,000 are shown in figure 4, A study of the polar
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curves drawn on the figure will show that the unaltered
windshield adds more drag to the combination than the en-
tire fair fuselage, and also that most of the added drag

is eliminated by the modification of the windshield to

the final form, It appears thereforo from these results
that the N.A.C.A. smoke tunnel may, in some instances,

be used as an aid in developing low-drag shapes, cven
though the full-scale Reynolds Number cannot be approached.
The drag saving as a result of the modification may be rep—
resented as a drag coefficient of 00,0020 or a drag of the
order of 8 percent of that of a clean airplane.

The differences between the aerodynamic characteris-—
tics of these windshields is so marked that an extencive
investigation of the drag of windshields appears to be de~
sirable.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 15, 1933.
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Figure l.-SBketch of flow about original windshield.
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Fig, 2
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Fig, 3
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