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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL IEIORANDUM NO. 541.

TECHNICAL DETAILS IN THE STRUCTURAL DEVELOPMENT
OF ROHRBACH SEAPLANES. *

By Gotthold Mathias and Adolf Holzapfel.

The recent trial flights and acceptance tests of the Rohrbach
"Romar," the largest seaplane in the world, have yielded results
fully confirming the principles followed in its development.

Its take-off weight of 19,000 kg (41,888 1b,), its beating the

>
world reccrd for raising the greatest useful lcad to 2000 m
(6562 ft.) by almost 3500 kg (5511 1b.) and its remarkable show-
ing in the seaworthiness tests are the Tesults of intelligent

researches, the guiding principles of which are Ttriefly set

forth in the presgent article.
T he Wing

The development of a large airplane necessitates a gradual
increase in the wing loading. The requirements for certain
good flight performances ccnstitute the determining factcr.
With a constant engine power these requirements are satisfied by
the mutual balancing of the three principal variables: wing
loading, structural weight and aspect ratiec (here considered as

the ratio nf the square of the span tc the wing area). For cer-

*Technische Besonderheiten in der btauljchen Entwicklung der
Rohrbach-Flugboote," frem Zeitschrift fur Flugtechnik und Motor-
luftschiffanrt, July 15, 1939, pp. 334-33R.
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tain safety requirements any increase in the wing loading in-
creases the weight of certain structural parts, but the weight
of the whele strusture is neot raised at first, due to the rela-
tively smaller size nf the wing. On the other hand, any in-
creasge in the aspect ratio, for the same perimeter, increases
the weight of the wing strusture. The effect of this measure

on the flight perfcrmances, however, depends largely on 1ts
aerodynamis consequences. FoTr every wing loading there can De
found the best aspert ratio, whoss aerndynamic advantages cff-
set the innsreasge in the Weight'of the wing structure. By deter-
mining the two variable ratios, wing loading to structural weight
and structural weight to aspect ratic, for certain gecod flight
performances one obtains the best fundamentally inseparable
combination of correct wing loading and correct aspect ratio.
These are not at all synonymous with hizh wing lcading and large
aspect ratic in the ordinary senss. With good climbing and dis-
tance performances the values of both are inversely proportional
to the ratio of the weight of the cell to the total weight of
the airplane (Fig. 1). Thus the endeavor to cbtain a light wing
with a favorable aspect ratio led to the choice of a strongly
tapered cantilever wing (Fig. 3) as first used on the "Robbe II"
and, after being found satisfactory, now alsn on the "Romar"

(Pigge B-4)s

h

This type of wing foregoes the aerndynamically best 1ift

o

4

distributicn alceng the span in favor of greater static advantages
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he effect of a slight deviation from the ellipticel 1ift distri-
bution on the induced drag is relatively unimportant and, with
increcging aspect ratio, grows continually less important. The
lower limiting casge of parabolic digtribution is accompeanied by

an increage of the induced dreg in the ratio of 9 : 8 hernce

)

not more than a reduction of the aspect ratio from 9 to 8. The

Rohrbach wing contour is still far from this limiting value.
The static advantoges, on the contrary, are of two kinds:
l. The "under-elliptic" digtribution reduces the load on

the outer portions of the wing, especielly at high 1ift values,

g

g

so that these portions can have a lighter structure than with

an elliptical distribution.

2e Girder dimensions increasing proportionally with the
chord afford the best strength utilization of the whole girder
structure. A cantilever rectangular or slightly tapered wing,
on the‘contrary, must be considerably heavier in the middle por-
tion, due to the small thickness of the girder for withstanding
the bending moments, and at the tips, due to the poor utiliza-
tion of the bonds to be dimensioned with respect to their hold-
ing sirength.

The principal advantage of a strongly tapered cantilever
wing is therefore, especially on large airplanes, a consgilderable
saving in the structural weight. This saving is further in-
creased by the drewing in of the air force and gravity result-

ants of the wing-halves toward the middle of the airplane, which
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is particularly effestive at large 1ift values (in levelling off
and in vertical gusts) and with Trespeot to the stresses produced
in the girders by take—off and landing chocka.* The latter zon-
sideration assumes specigl importance in the endeavor after the

greatest possible segworthiness.
T he Hull

Due to the small seavorthiness requirements for the hulls
of former seaplane types, flat-bottomed hulls with keels had
certain advantages. They were structurally simpler, had when
rightly constructed, good starting characteristics in quiet wa-
ter and, with the exercise of a 1little skill, could take off
and alight safely on moderately rough water.

In alighting on very rough water, however, the flat bottom
does not afford the adequate safety which must now be nncondi-
tionally redquired as the result of practical experience. Even
with very great reliability ef the vpower plant, the necessity
of this requirement could not e permanently ignored. A corre-
spending reinforcement of the bottom would socn increase the
structural weight beyond measure. As clready mentioned, the
creation of o satisfactory large airplane weuld not only in-
crease the wing loading but alse the lending speed. The result-
ing stress increments would soon get beyond control and bring

the further develcpment of seaworthy flying beats to a halt.

*See N.A.C.A. Technicol Report No. 150: "General Biplane Theory, "
by Max ¥. Munk (1922), and L'Aeronautique, 1928, p.100 ff.
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A necessary condition for the development of a large sea-
mbrthy flying boat was therefore the creaticn »f a sharp-vottomed
hull (Figs. 5-8). In fhe comprehensive towing tests of flat-
Tottomed models (for comparison) and of a considerable number
of models with V-shaped bottoms, the strength and dynamic 11if%
cf the sharp-bottomed hulls were found to be fully equal to these
of hulls with flat or slightly V-shaped bottoms (Rig. 6). The
practical result of this ccmbinaticn of the advantages cf flat
and V-bottomed hulls is strikingly shcwn in the excellent take-
cff chearacteristics of the Rohrbach seaplanes, especially of the
"Remar, !

Even the ground plan was determined by the requirement cf

the greatest pessible seawerthiness. Hence the width of the
hull was held at the lower limit c¢f the dimensions required for
utility and convenience. This prcduced a slender ground plan,

which combines great seawcrthiness and aerodynamic excellence

and thus greatly increases the commercial value and safety.

Lateral Fleatc

The slender shape of the hull necessitates the use of auxil-
iary floats fcr preserving the floating stability with respect
to the longitudinal axis. On the Rohrbach seaplanes these
floats are located at a moderate distance frcm the hull and a
little higher than the bottom of the hull. This arrangement

revents the flerats in taking olf and a2lighting frem having the
b 2 2 g
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effect of lateral, extensions of the hull and thus interfering
with the gradusl damping of the shocks. Thelr position also en—
ables them to exert a powerful dynemic 1lift in taking off. As
soon as the hull has risen on its step, the floats leave the
water, thus diminishing their drag. The deeper the hull is sub-
nerged due to heavy loading, the greater the static and dynamic
1ift afforded by the floats in taking off. They are especially
valuable in helping the seaplane past its critical speed (Fig.
7). This explains why the narrow Rchrbach seaplanes, even waen
very heavily loaded, Trise on their step remarkably quick, so
that, despite a greater wing loading, their take-off time for
the same weight per horsepower is no longer than that of sea-
planes with wider flat-bottomed hulls.

In alighting, the hull enters the water first. Due to its
V-shaped bottom, the shock is very slight. Only when the speed
ig further reduced, do the similerly shaped floats gradually
submerge. Severe local stresses of the wing, due to heavy
shocks from the floats, are thus avoided.

If a float or its supports are damaged, there are two pro-
vigions to lessen the tipping of the seaplane:

a) The floats, like the hull (Fig. 8), are divided into
several water-tight compartments, so that,'in the event of a
leak, only a portion of the 1ift is lost.

b) If a float should be entirely removed, the wing tip

would dip into the water. In anticipation of such an event, the
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wing spars of the "Romar" on the outer side of the lateral en-

water—-tight box girders., These have suf-

4

gines have the form o
ficient buoyancy to prevent the sesplane from capsizing. The
seaworthiness tests of the "Romar" demonstrated the utility of
this device.

Power Plant

One of the most importaont conditions for good flight per-
formances, especiclly while taking off ond climbing, is the
least possible disturbance of the air flow on the upper side of
the wing. Any obstacle on or near it causes a premoture separa-
tion of the boundary layer from the wing, thereby increasing the
drag and decreasing the 1ift generally over quite a large por-
tion of the wing. It is therefore important, especially in the
case of high-wing loading, to keep the engines at some distance
from the upper side of the wing., On land airplanes with lateral
engines, this consideration leads to the suspension of the en-
gines underneath the wing, where their disturbing effect is rel-
atively small (Rohrbach "Roland"). This arrangement is not prac-
ticable, however, on large seaplanes, because it brings the pro-
peller too near the water (Fig. 9). Hence it 1s necessary to
locate the closely associated engine-propeller aggregation far
enough sbove the wing to reduce the 1ift disturbance as much as
possible (Fig. 10)s The distance varies somewhat, according to
the position of the engines in the ground plon and the size and.

shape of the engine housings. The favorable effect of incrcas-
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ing this distance has been demonstrated by both model and flight
tests. The supporting framework, when correctly constructed.
with streamlined cross sections, disturbs the air flow on the
upper side of the wing so little and over such a small aTrea as
to have but little effect on the induced drag of the wing. In
any case the combined retarding effect is far less than the re-
tarding effect of engine housings joined directly to the uoper
side of the wing.

The Rohrbach arrangement has the further advantage of en-
abling the use of pusher propellers withcut cutting away the
trailing edge of the wing, which latter has a very detrimental
effect on the 1ift and on the lift-drag ratio. The nature of
the inflow with which the propeller must work in such a cutaway
considerably impairs the reliability and length of 1ife of both
propeller and engine.

In opposition to the above-mentioned adventages, the often
raised objection of the inaccessibility of the engines during
flight should serve principally as an incentive to the creation
of high-grade reliable engines., This objection does not apply
to the special fundemental principle. involved in the Rohrbtach
arrangement, since the installation of the engines, in the pres-
ent status of seaplane construction, does not enable complete
attendance of the engines during flight. Only this complete
attendance can be of decisive eifect on the reliability of the

power plent,
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Taxying, Toke-O0ff and Flight Charocteristics

The application of the principles here involved, as finelly
given expressién in the "Romar," has been entirely successful
in the resultant taxying, take-off and flight characteristics.
The maneuverability on the water is greatly improved by the V-
shaped bottom of the hull, which prevents the drifting of the
seaplane in a side wind. Thisg fact, in conjunction with the
strongly stabilizing effect of the lateral floats, enables the
seaplane to follow any desired course even With a very strong
side wind. With the ald of the lateral engines, turns can e
made 1in a very small space. Even with one of the lateral en-
gines stopped, it is generally not difficult to hold to the
course in taxying. In case of need, the maneuverability can be
adequately supplemented by a water rudder. Taxying on the water
is possible for any desired length of time, even in hot weather
and with a fair wind, since the cooling of the engines is as-
sured by an auxiliary sea~water radiator.

The chief advantages of thé V-bottemed hull are exhibited
in the take—off characteristics. The beginning of the take-off
process has already been referred to in the section on LateTral
Floats. After the hull has risen on its step, the speed is
greatly accelerated as a result of the rapidly diminishing water
resistance (Fig. 7), and the seaplane finally takes off easily
and smoothly. The instant of the take-cff can be largely deter-

mined by the pilot. The necessity of a long preliminary run to
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acquire sufficient wing 1ift is obviated by the design of the
bottom of the hull. The wave shocks in taking off and in alight-
ing are greatly reduced. No failure of a tension member in the
forward part of the hull (a common occurrence in flat-bottomed

) has yet occurred in Rohrbach V-bottomed hulls.

Large vertical control surfaces with a well-balanced rudder
(Fig. 3) assure good directionel stability, even when one of the
side engines is dead. Since the clevated position of the hori-
zontal tail surfaces frees the larger portion of the rudder from
interference, even at large angles of attack, it is not only
possible to continue stroight flight, but even to turn against
the engine which is still running.

Rolling stability is fully attained by the large dihedral
of the.wing, despite the elevated position of the engines. The
action of the ailerons is especially favored by the peculiar
location of the center of gravity of each half-wing, due to the
strong teper. Even in stalled flight, the tapered wings have
proved at least as favorable as any other shape. The longitudi-
nal or pitching stability is excellent. The balanced elevator
was made very large for taking off from and alighting on rough
water.

The opinion has often been expressed that elevating the
engines would unfavorably affcct the trim when the gpeed is ré—
duced. This idea is wholly wrong. With a correctly dimensioned

horizontal stabiliger any change in the moment of the propeller
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thrust would be offset by a corresponding change in the stabil-

izer moment resulting frcm the change in the dynamic pressure cof

o,

thie propeller glipstream. The degree of this balancing of mo-
mnents 1s simply a questiecn of the correct calculation of the
lcngitudinal stability. For the smallest pessible variastion in
load in the whole speed range, the elevated pcsition of the en-
gines is tven more favorable than if they were located at the
center of gravity of the airplane. Extensive flight tests have

confirmed this line of reascning, sc that the above-menticned

objestion san be regarded as fully answered.
Flight Performances

The most important characterigtins ~f a seaplane designed
fer long flights are great seaworthiness, the best take-off
characteristics, the most favorable load ratio and high cruising
speed.

Ag already stated, the Rchrbach seaplanes have been devel-
oped with an eye to the best possible fulfillment of these four
requirements, Good starting characteristics are necessary in
order to enable the carrying of an adequate fuel supply without
tce greatly reducing the useful load. High speed and small fuel
consumption are necessary in order to diminish the effect of
the weather on the distance flown and to pass quickly through
small regions of unfavorable winds.

The wing lcading and aspect ratio of the Rohrrtach seaplanes
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are of decisive importance Tor the fulfillment of these require-
ments. Their wing loading enebles good specd in the range of
economical flight with the best lift-drag ratio and with great
reserve speed. The aspect ratio, in conjunction with the shape
of the hull, affords good take-ofi ability and high overloading
capaclty in taking off with a full fuel supply. The acrodynamic
perfection of all the supporting parts, the slender hull, the
V-shaped floats, elevated engines, etc., also reduce the struc-
tural drag to a minimum, so that the lift-drzsg ratio and the
power required to maintain horigzontal flight attain remarkably
favorable values and enable long nonstop flights. loreover,
the propellers are carcfully adapted to the particular seaplane
of which they are to be rezarded as essential and integral parts.
Hence they enable the mexiwmmum efficlency both in taking off and
at subsequently reduced spzcde

The ability to overload for the take-—off enables the carry-
ing of a relatively heavy useful load and sufficient fuel for
long nonstop flights. The Rohrbach "Romar" has already shown
that the right course is being pursued and will lead %o further

favoragble resultse.

Translation by Dwight 1. Hiner,
National Advisory -Committee
for Aecronautics.
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