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THE REDUGTION IN DRAG OF A FORWARD—SLOPIHG WINDSHIELD

By Fastman N. Jacobs
SUMMARY L L

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 orig:nal and a final
modified form was determined from tests in the variable-
denslity wind tunnel. The final form of the windshisld
was arrived at by modifying the origlinal as the result of
flow observations in the N.A.C.A. smoke tunnel. The in-
vestigation was made primarily to study the utility of
the N.A.C.A, smoke tunnél as applied to the problem of re~
ducing the drag of objeéects for which the full dynamic
scale could not be approached in the smoke tunnel, Dbut de-
signers should find the results of the flow observations
and drag measuromonts of valuo because thoy show that most
of the large drag added by the original windsghield is elim~
inated by the modification of the windshield to the final
form,

INTRODUCTION

The windshield of the modern high-speed transport air-~
plane appears in many instances %o be comspilcuously lack-
ing in aerodynamic refinement, A short investigation of
such & windshield was therefore considered desirable, The
investigation consisted of drag tests in the variable-
density tunnel of a given type of windshleld and of a mod-
ified form of the windshield arrived &% zs a result of alr-
flow observations made with model windshields in the N.A.C.A.
smoxe tunnel. Thus, the investigation also pormiticd a
study of the utility of smoke-~tunnel flow observaiioms &8~
applicd to a practical enginecring problem, . L

Various pieces of apparatus previously designed for
air-flow ‘observations have permitted tésts to be made ~
only at very low values of the Reynolds ¥umber, most of
the tunnels being of the order of 1 to 3 imches in diam—
eter, The National Advisory Committee for Asronautics,

in order to allow the direct observabtion of air flows at
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larger values of the Reynolds Fumber and to permlt greater
ease of construction of the models, has designed and con~
structed a smoke~flow tunnel having a throat 2 feet in di-
ameter; -The dynamic seale attainable with this eguipment
is still rather low, the wvelocity bOInF 1imited to atout
10 feet per seocond. However, by using enlarged replicag,
full=scale Reynolds Numbers may be reachcd for small ob-
joects such as round and streamline wires. For most of the
flows in which the aeronautical engineer is interested,
however, full-gcale values of the Reyrolds Number cannoct
be approached

Vhile the tests with whlch this report doals wo¥e made
primarily to study the utility of the N.A,C. A smoko tun
nel. as:appllied to tho.problem of reducéing tho dra of an’ .
objoct at.-a- large value of tho dynamioc scalo, tho valuaolo
rosults worae obtained £from the drag moasuromonts mado in
the, variable-density wind’ tunnel. : )

TESTS

'.Tho windshiold over which the flow was studied 1n the
¥. A.C. A, gmoke tunnel was formed of Plagticlno on an ex-
1sting mpodel fusolage used in comnnection with some othor .
tests made in the emoke tunnel. The form of the windshileld
was made to simulate roughly the forward—~sloping V~typse
used on the Boeilng 247 transport airplane. After the flow
had been observed in the srioke tuannel, the windghiold was
altered in various ways anld tho flow obsorvod aftor oach
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 wlndshield. As a result of thesa
obseorvations a form of wirdshield wasg develoned that will
be referred to as the final form,

e The tests with which this renort is principally con-
cerned were then made in the varzable—donsity ¥ind tunnel
at a:value of the Reynolds Wumbosr of apvroximatelj . 3,009,000
(baced on ailrfoil chord - see fig, 2) of .a model w1th the |
original and final forms of windshield. The windshields
woere bullt of plaster of paris on an existing aluminum al-~
loy airfoil and. fuselage combinmation previously employed
in connection with 1nter;erence 1nvestigations._
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" The flow observea over the orlginal winiéhleld fbrm_%
is showa schematicslly in flgure 1, Separatiord occurred
on the top of the windshieéld as.indicated, particularly
at sections to either sidé of the cénter line.” Thresd vore
"tlces were observeéd to form forward of the windshleId as |
“indicated, These vortices were continucus and streamod -
back along the windshiold and, in plan -view,-left tho fusc-

lage surfacé at the outside edge of the windshield, pro—
ducing a kind of separation. .

"The . subsequent alterations of the windshield Were- made
with a view to improving the flow counditions abouf .if with-
out departing too much from the practical form. It was
prarticularly desired to retain the forwarf-sloping form as
this form was considered very.desirable with respect to.
vigion. Eowever, it was considered that the roof - fo:ﬁ"ﬁe-
hind the windshield could be modifled. Tha sharp corners
at the junctures of the forward windshield panels and roof
portion were therefore eliminated by duilding up the roof
portion sufficiently to permit the rounding off of these
cornerse This change might be accomplished in practice
by means of a formed colluloid roof portion.

Several forms of gulde vanes, or auvxiliasry airfoils,
were introduced at the windshiocld edges where a break oc—
curs in the plan view in an attempt to control the vortices
that passed off at these points. Such devices, aside fronm

the fact that thoy appecared rather inceffective with respect

to tholr 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 fileld of view. Instead
of using such devices, the final form was regched by alter-
ing the plan-form shape. Two additional flat windehield
sections were introduced to reduce the abruptness of the
break at the gides of the windshield. 4&s a result of tho
modifications, the flow over the top was fairly satisfac-
tory and the flow at the sides was definitely improved.

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

The original and final windshield forms are indicated
in figures 2 and 3 from photographs of nodels smployed for
the tests in the variable~density wind tunnel. Tho rogults
of these tests at a Roynolds Number of approximately
3,000,000 are shown in filgure 4. A study of the polar
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curves drawn on the figure will show that the unalteored
windshield adds more drag to the combination than tho ea-
tire fair fuselago, and also that most of the added drag
is eoliminatoed by the modification of the windshield %o

the final form, It appoars thereforo from these results
that—the N.A.C.A. smoke tunnel ray, in soxne instances,

be used as an aid in developing low-drag shapes, oven
though the full~gcale Reynolds Numbor cannot bo approached,
The drag saving as a result of the modification may be rop-
rosented as a drag coefficient of 0.0020 or a drag of the
order of 8 percent of that of a clean airplane.

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

Langley Memorial Aeronautical Laboratory,
National Advisory Committse for Aeronautics,
Langley Field, Va., November 15, 1933.
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Figure 2.~0riginal windshield form.
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TMeare 3.~Final windshield form.
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