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By Ugo de Carla

The stretospaeric. ascension. -of Professor Piccard and
the recent attempts in. various. coantrles to- reach the
stratospiere with airplanes nave attracted the. attention -
of techanicists to. the problems of n1gn~°1t1tude fll cht.,

Altpougq these flrst attemvts Were cnlexly for scien-
tific purposes, a"rplanes capable of flight -in the strat-
osphere would have inestimable advantages from both mili-
tary and commercial vievpoints, . From: the military view-
point tney Would aave. almost- absolute 1nvL11era0111tJ..
For comnercial purooses they could attain-very high
speeds without iancreasing the s0e01flc fuel consumption,

We will illustrate the latter point, From the fun-
damental equations of uniform level flight

@ = PCys TV (1)
M = PCp S VS (@)

in which | Q' is the weight of the alrolane (Lg), T  the
necessary power (kgm/s), P the air density (kg s2/m4),
S the wing area (m%), V the translational speed (m/s),
and Cp and Cr the respective absolute coefficients of
1ift and drag, we readily obtain

I

TR | '
vV = [/ = (3)
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n = QEEV (4)
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It follows from equation (3) that variations in speed can

be effected by tvo means, either by varying the density
P through changés in the flight altitude, or by varying

#17elivoli e ilotori d1Alta Quoﬁa.'f Aeronaoulca, December,
1951, pp. 823-827., . . L \
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the 1ift coefficient C ‘through changes in. the attitude
of the airplane. In the former case, with constant ¢

“and C,, the poWer: absorbed always varies in .proportion

to the speed, since the head resistance remains constant.
In the latter case, on the contrary, Cp and C,. vary,
and the power absorbed varies correspondingly,

If we ‘assime” the attitude of maximum efficiency at
which' the ratio 'Cb/Cf"ls minimum and therefore the head
re31stance i's minimim, we know that, for every increase
in speed there is an accompanJln increase in power,
whicih is much less when the increase in speed is obtained

by changing the altltude, than when it is obtained by

chgnplng the attitude of tne alrnlane.

“Fort example let us assume that the airplane polar
1s us plotted in Figutre 1, and that the wing loading is
r/m2 (10 24 lb /sq.ft ) Equations (3) and (4) then
becone o :

oy = o L2005
TN e
0. Cry
© Gy

If we express the speed in km/h and the specific power
H/Q in. np/ton (,etr;q)?aﬁd.glso introduce the, relative
density ;“ S L ‘

§ = b= D = gop
Po  0.125
we obtain SR,
v = **:f;:: (&)
/& Cp
O - 266,67 —Z (8)
Q. .. Cp./0 Cp ‘

In ?i ure 2 the continuous line is the curve for the she-
cific power at sea level plotted against fhe translation-
ul sneed Wnlle the stralght dash line represents the sve-
c¢ific vower requiréd for uniform level flight at constont
attitude of maximum efficiency, but at various altitudes.
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On this line are-'dots”.and: numbers- indlcating ‘the various
altitudes (km). It is seen that for 200 km/h (124 mi,/
hr.) the power required at,an altitude of 10,000 m_ (32 808
ft.) is. only abéut-half’ tqat reoulred at “sea level, .and,
that: the variation :increases as the speed decreases.. 'Sifm-
ilarly, Wlth the specific power ‘0f--100 hp/ton, a speed of .
200 km/h was:obtained at séa level and about’ 39C km/n (242
mi,/hr.) at 19,600 . (62,335 ft,),: Hence,- if 'it"is assumed
that the fuel consumption-is. proportlonal to the power,
independently 'of .the- altitude, the fuel- consumptlon per .
£1lometer in both these cases 1s only about nalf what it”
Would be at: ‘sea level. = - :

In practlce, the results are not qulte so Iavorable.'
The problem would be solved, if we had a propeller capadle
of exerting a uniform tractive force, independently of the
altitude and speed, ‘according to :the "superav1atlon" in-
troduced by Professor -Crocco., 'In guch a’ case tbsre would
have been. no. cltitude nor speed limits, a ieast in the
field of subacoustiC‘velocities. :

qure is no 1mmed1ate prospect however, of‘ootaining
such a propeller, mainly because we. do not vet haVe suf -
ficiently powerful explosives. Explos1ves are necessary
because they alone.can:furnish sufficient power" at such
high altltudes, where the air is too rarefied to support
combustion and where it is not p0531b1e, due to the exX—
cessive- We1ght of -the containers, to carry tae necessarypﬂ:
oxygen, even in the llqh1d form. ' o

.. Explosion engines are not sultable for stratospherlc
flight, because their power.is closely related to the den-
sity of the air, The indicated power of such engines is
in fact proportional to the weight of the air drawn in per
unit of time, but, sinceé this air must be accumulated at
a constant volume during eacii cycle, the indicated power
is itself proportional to the density of the air., On tae
other nand, the mechanical losses, at’least for a consid-
erable fraction, may'be con51de£ed ‘independently of the
indicated power., ~For:this reason thé effective pOWer of
an .ordinary.-explosion engine decreases, ‘with increasing
altitude,: still rore rapidly than -the ‘atmospheric density.
Hence there is an-altitude, abdut 20,000 m (85,615 ft.), -
at which the effective power of ordlnary explosion en-
gines becomes:.zero, because the 1nd1cated power barely
offsets the mechanical losses.
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hot much better result .hre obtalned with,. so= called'
h1‘1~alt1tude englnes _whether supercharged superdlmen—.
51oned or. prov1ded Wlth compreSsors,'all of which-furn-:
ish at’ see level’ what’ s ‘commonly termed ”equlvalent or
1deel power," but Wnlch due to. +he Weainess of thelr
parts and ‘to. the self 1gn1tlons vh1cn occur,(cannot be’
uséd beyond a. certaln value. of” the torque, which, however,
is qolntalned up’ to. a certaln altltude.' Abov's’ tne range
of this "ideal power,".however, the variatidon in tne _power
with the ‘altitude almost equals that ‘of ordlnary englnes.
The altitude at which the poirer oecomes zero is also ap-
prox1mate1y the same. '

) In’ order to av01d tnese dlfflChltleS, Varlous tqeo—
retlcal solutlons are proposed, including the variation
during. fllgnt L in proportlon to ‘the’ decrease in the den-
sity. Othhe alr, either of the compres31on ratio of the
engine or even of the transmlss1on ratio oetveen the en-
gine and ‘the compressor. The flrst solutlon, however
presents excessive mechanical difficulties, aside from
the fact that there would always be a practical 1limit in
the reductlon of the volume of the combdstlon cbamber.
The second solutlon, whnich’ would requlre among other.
things, a change in speed between the engimne, and the com-
pressor would also not give very satlsfactory results,
either oecause the perlpheral velocity, of the propeller
cannot exceed a certain value, or because ‘the e”flclency
of the compressor is always low, and there would accord-
ingly be an altitude at which all the power'. suonlled by
the engine would be absorbed by the compressor., .

A third solution, ‘and pernaos the be t from'the theo-
retical viewpoint, "is that, of. the \urbocomeressor, which
coiaprises a turbine driven by the exhaust gases and con~_:
vected with a’ centrlfugal coupressor. The hlgher pres-
sure of tne:e\haus .gase's, as comoared with tnat of the-
atnosphere' is thus utilized, ‘W1tn th 26 result that, the

gular wvelocity and the power supylled to the compressor
1ncrease with the altitude, wiiile  the power furnlshed by
the engine remains constant’, “evertheleos tals system.rs
not recommended by the experlence of recent ‘years, espe-
01ally for the .excess ve' perlnneral velocitles necessari-
ly attalned by the tur¥ine and for the hlgh temperauures
Y'eav.ched by tbc tur01ne vanes., .

Due to the aboveementioned‘eeﬁsiderations;'Colcﬁel‘
Italo Raffaelli, in an interesting article in the Septem-

v
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ber (1981) number of- Riv1sta Aeronautica, advocated: the
adoptivdh™*of steam engines for airplanes designed to fly.
at very high altitudes., The functioning of steam engines’
is, in ' fact, gquite different from that of explosion en-.
gines., The power furnished .by the latter is, indeed,. . -
also affeﬂted by the weight of the air inducted per unit
of tlme, Pt in order to keep this weight constant, it
is not necesbaiy - to ‘resort to compressors, since it suf-
fices to'inereass, with the altitude, the opening of the
air;inléﬁ valve or the - 'intake velocity, which latter is
accomplished in part - automatically by the effect of the
greater traﬁslatlonal speed of the" alrplane at hlgh altl—
tu"‘eo. o . . .

The power- furnished by a steam ‘engine .can therefore -
be Zept constant ‘to any altitude,:at-least 'so long as
there is enough 6xygen in’ the: atmosphere. The low tem-
peratures existing at high’ altitudes, together with the
high translational’ speed, would facilitate the condensa-
tion of the steam and thus appreciably increase the power
and efficiency of the engine. It is known, moreover,
that the first attempts to fly were made with steam en-~
gines; which Were soon abandoned, however, because of
their excessive weight and high specific fuel consumption,

With the progress ‘in naval engineering, the steam
engine has been gredtly improved, although the problems
of lightness and fuel consumption are not so important
for ships, - There are now, in fact, on some German tor-
redo boats, complete engines whose weight does not exceced
6 kg (13.2 1b,) per hp and whose fuel consumption is 1ess
than 260 grams (0.573 1b,) per horsepower-hour, .

Their weight is still rather great in comparison
with that of explosion engines, but it should not be dif=-
ficult to reduce it to 4 kg (8.8 1b.) per hp, 'as predicit=
ed by Raffaelli in the article referred to, JIf the com- "
parison with explosion englnes 1is made at high altitudes,’
instead of at sea level, the steam -engines have the ad-
vantage. Taking, as the basis of comparison, a Welght of
0.8 g (1.75 1b.) per hp for explosion: éngines, which is
one-~fifth of that predicted for steam engines, ‘conditions
would be equal at an -altitude of about 11,000 m (36,090
ft,), &t which height the power of exploolon ‘engines is
only one-fifth of their power at sea level. : At altitudes
above 11,000 m (which have actually been attalned), the
advantage would be with the steam engines..
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‘As regards.the- fuel consumption of 0,26 kg (0,573
1b,) per horsepower-hour, -this. is o6nly & little more:than
that of ordinary-explosion engines at.sea level and -is.
considerably less:than that. of tne latter at nigh alti-
tudes. : : : . :

~;Asxrégards the engine, we think : 1e nrodlcted Welgnt
is_susceptible,of;reduction."Colonel Ra~‘ae111, in the
artlcle.referred to, predlcts the use  of superheated stenm
at ressures of 50 to-100: atmospheres.; It mlgnt be bet-

~ter. to attaln tho crltlcal temperature of water, 374°C.

(705,2°%,); whkich. corresaonds to.a.pressuare of 225 kg/cn?.
(3200 lo /Sq.ln Yo At this temperature, water passes
from the liquid to the gaseous state without change of
volume "and without:the formation:of odubbles,. thus odbviat-
ing the need of & receptacle for. the.steam, .. The Dboiler
could tirerefore ve .reduced:%o-a sinmple coil, to.which tle
water could be supplied.under pressure by a pump, with
great-advantages. as regards: buls and. welbﬂt and the small-
er ouanulty of water: 1n the boxler.

horeover, the swe01flc heat of sauureted steam is
minimum at- the critical: pressure,_whence also for tais
reason, ‘with equalltJ of,nourly production of stean, tle
dimensions of the boiler can Ye reduced to the mininmum,
The low:iieat content does:.not involve a greater consump-
tion of steam thannatqnormolA@resga;es, due to the fact
thet in starfing with the crltlcal condltlons, the spe-
cific neat 0f-0.5 is_reacned,aldost at. the beginning of.
the expansion and this specific heat is held almost con-
stant at any final expansion-pressure, noince, in start-
ing, instead, from saturated steam under any other pres—

" sure, or, still worse, in stqrtlng from superneated stear:,

the final specific heat would’ always. bse, gbove 0,5, this
fact ﬂvnultaneously 1eads to the oeet Lt111zat10n of tle
thermal energy of ste%mland_to jga,redactlon to the min-
imum of the residual.neat absorbed. in. tae condenser.
Hence the dimensions and we1gqt of tne condenser are ,1so'
reduced to the mlnluum.‘ﬂ S CL

A few figures maJ make tnls clearer. The totul 1oct
of vaporization of . water .at. 225 kg/em2 (3200 1b,/sg.in.)’
and 374°C (705.2 °%.)-is 501. calordies, .[Te assume, for rea-
sons which.will:become, apparent, .that.- tﬂe condenser coun- -
tains a 500 Vacunm, Or-.a Dressurc of: O, o kg/cme (7.11 1%, /
sqein,). @t a temperature of - 81°¢. (177 8 at) s Cons1der1n
that the specifigc. heat, at the tbpolne outlet is. O a,.fae.
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fiqsl thermal content is 356 calories. The quantlty of

‘leat corresponding to the Dressure increase i's therefore’
145 calories per kilogram of steam, equivalent to 0.229

horsepbwer hour. Assuming a total turbine ef11c1ency of
€0%, which can at least be obtained at hlgh vowers, the

steam consumption is 5.46 kg (12 04 1v, ) per horsepower-
hour, developed by the turolne.

It is necessary, however, to take account of the en-
ergy avsorbed by the pump;, which must ‘draw the water from
the condenser at a pressure of 0.5 ké/cmz‘(lz 04 1v, /sq in,)
and force it into the boiler at a pressure of 225 kg/cm~
(3200 1b., /so in,)., By a simple calculation, taking ac—
count of the eTf1c1ency, it is found that the pump absorbs
about 5% of the power furnished by the turbine. Tak ing
this into account, the consumption of steam amounts to
5,75 %z (12.68 lb.) per horsepower-hour, :

"As regards the b01ler;:s1nce the intake: temperature
of the water may be assumed to be that.of the condenser,
or 81°¢ (177.8°F.), which corresponds to a thermal content
of 81 calories, it should impart to the fluld for every
norsepover-hour, a quantity of heat equal to » )

5.75 (501-81) = 2415 calories.

The "iianuale dell'Ingegnere!” of Colombo (1929 edition) de-~
scribes the Benson serpentine boiler which generates steam
at the critical pressure with an efficiency of 20%, We
will therefore assume that, in the special case under
consiceration, it is possible to attain an efficiency of
85%, In -this case the heat produced per horsepower-hour
amounts to 2850 calories, ' If, therefore, naphtha with a
calorific value of 10,500 calories is used, the fuel con-~
sumption with such an engine will be about 0,271 kg

(0.597 1b.) per horsepower-hour, a little greater than
that previously indicated, but still satisfactory, espe-
cially on account of the smaller weight of the engine in
question,

Lastly, let us consider the condbnser.' In present-
day stationary plants, the normal vacuum is 9Dp. - We -have
assumed, however, a vacuum of only 50% becausé, in the case
under consideratiqn, ‘it is more convenient not to reduce
the pressure and teaneratﬂre too much, so as not to be
ooliged to adopt very thick walls end excessive radiating
surfaces., This does rnot prohibit us, however, from reduc-
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ing the pressure and.temperature inside the condenser,
when they are reduced externallyiwith increasing‘altitude.

Under tne glven condltlons the mean temperauure is
about 10°C. (18°F,) higher : than in the radiators of ordi-
nary ex01051on engines. Taklng into account, therefore,
the lower coefficient of external heat transmission of
the steam, as compared with water, and the greater thick-
ness of the walls of the condenser in comparison with the
radiator walls, it may be assumed that the heat dispersed
per unit of time and surface area.is approximately the
same in both cases. The comparison vetween the two sur-
face areas is therefore made on.the basis of the guantity
of heat to be dispersed. In the case of the condenser
and on the basis of the above-mentioned data, we have

5.75 (356-81).=.1580 calories

for every horsepower-hour while, in the case of.the radi-
ators, we have only about 500 calories. Hence, with equal-

ity of power, the surface. area.of the condenser of a steanm

engine must be about three times as great as that of the
radiator of an explosion engine. - The ratio between the
weights may be assumed to be about four. ‘These values are
rather large, but not prokibitive.

As regards ‘the complete engine, it may De assumed
that the attainment of the critical pressure and the rel-
atively high pressure in the condenser enable a saving of
25% 4in weight as compared with the weight of the super-
heated steam engine at a rels tlveTy low pressure and that,
therefore, the total weight may be reduced, without ex~
cessive difficulty, to 3 kg (5.6 .1b. ) per horsepower,

Dlvregardlng the 1nterest1pg dlsposltlon of tne vari-

.ous parts of the steam .engine proposed by Colonel Raf -

faelli, we agree with him. tﬂat great 1mprovement in high-
altitude flight is possible by uolng steam engﬁnes.

0f course this is not the complete solution of the
problem, which .can be obtdined only through Jet propul-
sion., Even with steam engines, it is possidble to. keep
tne power constant, or increase it sllghtly'w1ta increase
in altitude, dbut it is certalnly not poselble .to keep the
traction constant or..to incresase. the power in proportion
to tihe velocity. . By adoptwng steam. englnes we will
therefore have an airplane ceiling. Joreover, in order
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to keep the power constant at any altitude, it is neces-
"sary to use variable-pitch propellers, ‘ '

We now .see. what results.can be obtained with an en-
gine having the above-mentioned chara cterlstlcs namely,
'a weight of & 1’g/hp (6.6 1D. /hp) and a fuel consumption of
0.27 kg (0,595 1b.) per horsepower-hour. Referring to
the hypothetical iengine, with the principle of which we |
are now occupied, we assume the installation of a specif-
ic power of 80 hp/ton (1000 kg or 2205 1b,), with which
the weight of  the englne,would ‘increase to about one-.
fourth the ‘total weight of the alrplane ~ Assuming that
the propeller has an efficiency of 75%, the disposable
pover becomes 60 hp/ton, with which it is possible to ac-
guire a speed of 'over 230 km-{143 miles) per hour at an
+ ‘altitude of oveér 12,000 m (39,370 ft.). (Fig. 2.) The.

fuel- consumption per tonekilometer~is then o

80 x O. 27 + 230 = 0,094 kg (0.207 1b.).

In order to obtaln the same. speed at sea level, 152 hp/ton
would be necessary; and assuming a propeller efficiency of
80%, 190 hp/ton would be required. With a specific fuel
consumption. of 0.23 kg (0,507 1b.) per horsepower hour,
the consumptlon Der ton-kileometer would be

190 X 0.23 + 230 = 0.19 kg (0,43 1%.),
or about double the preceding,

3 In the latter case, howvever, the weight of -the en-
giae, which is assumed to be of the explosion type,
amounts to about 15% of the weight of the airplane,. or
' eoogt 10% less than in the preceding case. This differ-
ence corresponds, in the first airplane, to a difference
of about 1000 km (621 mi.) in flight range,

v

If, therefore, both airplanes have a flight range of
1000 kmr (621 mi.) they can carry the same commercial load,
the first one having a fuel consumption of one-half as
much 2s the' second. For longer flight ranges, the former
can carry a commercial load even greater than that of the
latter and therefore ihe‘economio'benofit is-increased.
For shorter Tlight ranges, however, the Dbenefit is dimin-
isned. The lower cost of naphtha, as compared with the
cost of gasoline, should alsc be taken into account,.
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+-With the ‘same specific power, the only way to in-

crease the speed is t0 increase  the eff1c1ency of the air-
plane. Aside from increasing the efficiency, it 'is nec~
‘essary- ‘to “reduce 'the:weight of the engine, .in order to
=reFLce the ratio of: the spe01flc fuel .consumption to the
commev01a1 load, Nothing can be accompllsned in this di-
iectloq by reducing .the wing loading. 'In fact, with equal
_efflclency, as follows from equation. ( ) the necessary
‘spécific power is lept proportional to the speed alone
and ‘theréfore.remains constant for the same e*f1c1ency
an@ speed,; whatever the 'wing loading may:be. Any reduc-
tion 4n the ‘latter-increases the:flight; alultude,,which
1ﬂ'tne varlable factorc o

N It can” 1udeed be observed tnut ‘with a reduction in
the wing loading and consgquent increase in the wing area,
the structural drag diminishes and the efficiency in-
creases. On the other hand, the weight of the airplane
is incremsed, which, of course, reduces its carrying ca-
pacity. It is therefore necessary, from time to time, to
vdeuernlne tne be5u wlnb loadlng.

" We ‘Have nrese ted tne problen from tne commercial
viewnoint,. concludlng .that the economical benefit frow the
use of steam engines increases .with.increase of flight
raaze, while it may be aosent or negative for short flights;
also thsgt the paximum speed and the specific consumption
are only sllbntlv af?ected by the wing loading.

Examination from military and scientific viewpoiats
‘leads to different conclusions. In fact, from these view-
points, great. 1mno*tance attaches to the highest attaiana-
ble altitude, which is greatly ax;ected by tne wing load-
ing, while the amouat. of the useful load may sometimes be
of "secondary’ 1mportance._ Disregarding the propeller,
which is supposed to be adapted to the flight conditions

uader consideration, the attitude corresponding to the
naximun-altitude is the one corresnondln to the ninimum
power. requlrea for. fllght at sea Levei. ' .

Returnlng to our AVpothetlcal alrplane, we find that
the acnltude in questlon, with a wing loading of 50 Lb/cm
.(711-1%./sq.in.), corresponds to a speed of 98 km (61 mi.)
per dour-and-a . sne01f1c power of 27 np/ton.' (Fig.2.) ‘

2

¢ I EHLs attltude is constantly malntalned tne necessary

spécific.pewer w111 ‘te, as before, pr0port1ona1 ‘to the
speed, but 1ndenendeqt of the attitude and of the wing
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loadings If, therefore, it is assumed that we have, in
the case considered 100 hp installed and 75 hp effective
per metrid tém, with the veight of the ‘engine equal to6
about 0.3 of the total welgnt of the airplane, the maxi-
mum speed will be .

98 X 75 + 27.= 272 km (169 miles) per hour.

If we introduce into equation (1), on the other hand,

Vv = 272 kn/h = 75.55 m/s and " Cp = 0.55, the latter be-
ing the coefficient of 1lift correspondlng to the attitude
of minimum power, then ' :

Q = 3140 P S = 392.5 & §,.
from which’ I
o §:= 0,00255 Q/S.

Therefore thé relative density of the atmosphere dimin--
ishes, or 'the highest attainable altitude increases, with
the reduction in the wing 1oad1ng.f The .obtainable re- .
sults are as follows. - ' -

Ting loading, ~QS 50 .40 30 . 28,25
Relative density, & 0,128 ° 0.102. -0,0765 0,072 .-
Altitude, u* 16,300 17,800 19,600 20,000

Theoretically, therefore,. the maximum attainable altitude
is not limited, Practically, however, the wing loading-
and, consequently, the altitude are limited by the weight
of tne airplane., It is known that, in the case under-con-
sideration; it is possible to reacn an altitude of 20,000
m (65,617 ft,) with a wing loading of 28, 25 kg /m? (5 79
b, /sq ft. ), which is not too low. :

‘We will now mentlon the aerodynamic characteristics,
which a high-altltude airplane should have, From equa-
ttons (3) and (4), after ‘eliminating. V, we obtain - v

Ez/craj/'q -
Q Cp> P s
In order to reach the maximum altitude with unimpaired

po¥er, it is therefore necessary, as already 'seen, to re=
duce to the minimum the wing loading Q/S and the coeffi-

*m X 3.28083 = ft,
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As ve have already seen, 1t 1s then important. to have the

3
.

"Hence the polar of a good high-altitude-airplané must
have a2 very small coefficient of power and a very great
efficiency, and resemble, in this respect, the polars of
long—~distance airplanes, The polar in Pigure 1 is almost
ideal, It closely resembles, howeveér, the polars of tae
most recent long-distance airplanes from which it was de-
rived., As shown by the figure, the coefficient of power
hardly: reaches-the value of 0il with & 1ift coefficient
of 0,55, . The efficiency, however, éxceceds 14 for (C. =
0,45, - Oune notes-a rather high maximum 1ift coefficitnt
and e, small variation of the drag coefficient in_ terms of
the 1ift, which indicates the'adoption of 2 highly cam-
bered - nnd much elongated wing: The minimum coefficient of
drab, howeve¥, it not lower than the normal, but this doesd
not -affect the particular use of airplanes not;designed‘“
for high speeds at low altitudes.

In o*der to obtain the above-mentioned characteris-
tics, it is .therefore mnecessary, Tirst of all, to have.
wings with a high llft coefficient,; even though their pro-
file Arag is not-very small. In the second place, it is
necessary to .ha ve wings with a. 1arve aspect ratio, Last-
ly, tﬂe Surucuaral drag must be. reduced to a mininun,

‘Before finisnin thl orlef survey of theé problems
encountered in hlg;—altltude flight, we will call atten-
tion to.the nroblem of hermetica lly sealing.the cabin,
Above a certaln eltitwde, it is no longer sufficlent ‘to
resort to oxygen 1nhalers and electrlcally heated gar~
ments, but it is necessary to create for tne pilot and
Passengers a habitation, in which the conditions of pres-
sure and temperature, if =not thé same as at sea level,

shall at least be those of an altitude "at which one can
live without discomfort. . Such was t“e case, of Piccard 1n
his stratoqueric balloon.

e e
IR
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The German firm of Junkers, which has recently con-
structed an airplane with which’ip is hoped to reach an
altitude of 20,000 m (65,317 ft.), has encountered seri-
ous difficnlties in obtaining the impermeadbility of thae
cabin, After long experimentation, it nas heen compelled
to adopt double windows and doors with special glass 1 cn
(039 in,) thick with an intervening space of 7 cm (2.76
ine). The seriousness of this last problem resides in the
fact that the accidental breaking of a window would en-
tail the almost instantansous death of ‘the nilot and pas-
sengers tarough embolism of the drain and heart, :

Trenslation by Dwight i, iiiner,
National Advisory Committee
for Aeronautics,
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Fig.l1 Lift coefficient of airplane plotted against drag coefficient,
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Fig.2 Specific power in hp/metric ton plotted against speed.
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