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FLIGHT TESTS OF THERMAL ICE-PREVENTION
ENUIPMENT IN THE XB-2LF ATRPLANE

- By Carr B. Neel and Alun R. Jones

SUMMARY

Performance tests of thermal ice-—prevention equipment designed
and installed in the XB-2UF airplane by the Ames Aeronautical
Leboratory of the National Advisory Committee for Aeronautics have
been corducted in icing and non-icing conditions. The:non-icing
tests were performed at the AAL, Moffett Field, Calif. 'The icing
tests were undertaken as a part of the NACA Ice Research Project,
Minneapolis, Minn., in conjunction with the Materiel Command of the
Army Air Forces and the Northwest Airlines, Inc. :

In general, the performance tests consisted of level flights
at cruising power during which temperature observations were made
of the heated circulating air, the airplane surfaces exposed to ice
formations, and, at a few locations, the internal structure cf ths
airplane. The rate of flow of the circulating air was alsc
determined. For tho flights in icing conditions, observational,
and photographic data of the susceptibility of the protectsd and
unprotected areas of the airplane to ice formaticns wers obtained.
A few tests were made of the ability of the equipment to remove
frost and ice from the wing outer paenels and the windshield prior
to flight. ' - '

The recorded temperature end air--flow data, and the calculated
quantities of heat flow throughout the system are presentsd in
tabular form. Phctographs showing performance of the equipment under
natural icing conditions, and typical ice formations on unprotected
components of the airplane are vpresented.

The test results indicate that the equipmsnt was adequate,
with a few exceptions, to prevent ice formation on the surfaces
for which protection was desired. Further development of the
heat-exchanger installation and circulating air supply system to
reduce the restrictions to air flow, and thus realize more of the
available heat—exchanger capacity, is recommended.

The tests demonstratsd that the performance specification for
the installation was satisfactory, and should prove entirely adequate



for any similar future installation. Sufficient data are available
to prepare a design which will meet the performance specification,
and be structurally satisfactory from a stress and a production
standpoint. '

_ INTRODUCTION

A study of the problems involved in providing thermal ice—
prevention equipment for aircraft has been conducted by the NACA
under & general program_of.ice»prevéntion ressarch. The first
tests were conducted on model winhg sections, and the same vrinciple
was later applied to provide a thermal ice—prevention system on a
Lockhsed 12A airplane. (roference 1). In 1942 a design similar to
that described in reference 1 was prepared for the B--24D airplane
in cooperation .with the Materiel Command of the Army Air Forces,

‘the Consolidated Aircraft Company, and several équipment masnufactur—

ing companies. Referonce 2 describes tho design and construction of
this installation and the instrumentation provided for performance
tests. The performance specification adopted for. the design
required an average temperature rise of 100° F for the wing and
cmpennage surfaces forward of the 10-percent--chord point.

This report presents the results of performance tests of the
XB-2UF airplane thormal ice~prevention <installation. -Preliminary
tosts consisted of ground runs and flights under dry air (no
visible moisturc) conditions. Slight alterations to the equipment
wore madc ae a result of thesc investigations, and the installation
was then tested under natural icing conditions. :

Tho tests of the equipmont in dry air vere conducted at the
AAL, &t Moffott Field, Calif. The tests in natural icing conditions
were conducted as a:part of the NACA Ice Rescarch ProJect at
Minnéapolis, Minn., the facilities and services of which were
supplied by the Northwsst Airlines, Inc., acting under a directive
from the Air Transport Command of the Army Air Forces. The airplane
was piloted by AAF and Northwest Alrlines personnel who had previous
extensive experience in the operation of transport aircraft in
icing conditions. A meteorologist from the U. 5. Weather Bureau
was assigned to the Project to assist in the preparation of weather
forecasts, to anelyze and correlate the atmospheric data obtained,
and to orepare reports concerning the meteorological aspects of the
icing investigations. ' :

DESCRIFTION COF EQUIPMENT

The XB—2LF airplane is shown in figure 1. A description of
the thermal ice—prevention equiprment for thes airplane is given in
reference 2, and the general arrangement drawing of the equipment
(fig. 2) is taken from that referenc

®



With a few exceptions, the ice-prevention equipment for the
performance tests reported herein was identical to that described
in reference 2. The exhaust—gas—to-air heat; exchangels described
in reference 2 were replaced by pin-fin-type units. The heat
exchanger for one of the nacclles is 'shown in figure 3. The main
shell and inner fins consisted of a single shect of stabilized .
stainless steel, folded longitudinally to form the inner fins and
welded at the scam and fin ends. The outer pins were formed by
cutting slots in 2-inch-wide by 0.04O-inch~thick copper strips.

The slots were 3/32 inch wide, 1-3/16 inches deep, and were spaced
to form pins 1/16 inch wide. The solid porticn of the strips was
inserted between the folds forming the inner fins and was furnace—
brazed to the stainless steel. Alternate outer pins were staggered
to double the number of longitudinal rows. DPreliminary tests of
the exchangers in flight (not included in this repprt) indicated
that the pressure drop across the air side was tco large, and
therefore some of the outer pins were removed. The configurations
of the exchangers and shrouds which anuly to all the tests of this.
report are shown in figure k.

The ajir—intake scoops for the dry—air flights were the same
as those shown in figure 17 of refsrence 2, which also shows the
oxchanger -installation. For the flights in icing conditions, the
intake scoops were altered slightly to provide for heating of the
leading edges as a protection against ice formation: During the

flight-test period at Minneapolis other minor changes were made to
the equipment in an attempt to correct the performance of parts
that did not give satisfactory protection from ice formation.

The windshield design shown in figures 1k and 15 of reference 2
employed plastic inner and cuter panels. Aftor several preliminary
flights the outer panel was replaced with laminated safety gzlass,
and the installation was tested in this form during all of thc non—
icing flights, and some cf the icing flights, herein roported. During
the icing flights, the inner venel was replacsd with 3/8-inch—thick
laminated safety glass and a blowsr was installed in the windshield
heated—air supply duct, figure 5. Installation difficulties
encountered with the flat glass inner penel resultsd in an air gap
that was irregular, and larger than that desirable for thermodynamic
reasons. An arrangement to cause all of the windshisld hsated air
to flow through the pilot's windshield was provided by ths installa-
tion of a butterfly valve in the supply duct to the copilot's wind--
shield. ‘

The locations of thermocouples and pressurc orifices used for
obtaining the performsnce data are shown in figures 6 and 7. The
types of thermocouple and pressure—orifice mountings ars shown in
figures 26 and 28 cf reference 2. In order to determine the accuracy
of the thermal installations, a laboratory investigation was conducted
in which the thermocouples were subjectcd to conditions simulating
thcse existing during the performance tests of the ice-prevention



equipment. The tests showed that the. thermocouples indicating air
temperatures. were ‘'subject to’a' maximum error of # ©'F, and those
indicating skin-surface temperatures to errors’ from OO to 80 F.

All thermocouples were iron—constantan and the temperature indica—
tions were obtained with & d"rect—readnng potentiometor. All
pressures were referred to the ‘total pressure of the left airspeed
head at the airplane nose. Dre°sure differentials were indicated
by water manometers and aJrsoeed indicators for the dry-air flights,
and by a single airspeed indicator for the icing fnghts. Free-air
temperature, indicated airspeed, altitude, and engine data were
obtained from the service instruments on the pilot's panel. The
static pressure indication of the airspeed 1nsta"lat on was cali-

" brated with a suspended tra;lwng statxc head to prov1de a basis for
c rrect 1nd1cated a;rspeed :

For the 1n:t tal windshield arrangement (plast*c inner and
outer panes), thermocouples were installed in the surfaces of the
inner and outer panes and in the air entrance and exit headers of
the copilot's windshield. A venturi meter was placed in the
copilot's windshield air duct to measure the flow of air to the
windshield. When the plastic panels were replaced by safety glass,
the surface thermocouples were omitted because of the difficulties
encountered in installing them in the glass surfaces. No means of
cobtaining temneratures or air flows were nrov1ded for the pllot'
windshield. - ) . - '

TEST PROCEDURE

The flight tests in non-icing conditicns consisted of level
‘flights at approxi matelv cruising power, and at pressure altitudes
of 10,000 and 18,000 feet. Heated air from the exchangers was
dlwected to thc various components of the ico-prevention
system, a few temperature indications werg observed until thermal
equilibrium ‘had been established, and then complete temperature and
pressure - -data were recorded. In order to provide data for an
estimation of the frost—rémoval capabilities of the 1nstallat10n,
the flight tests were supplemented by a ground run in which the
right outboard engins was operated at idling condltions and tempera—
tures were vecorded for ths wwng outer panel

The fleght tests in natural ics ng condlt ons at the Ice Research
Project were planned with the. cooperdtion of the U. S. Weather ’
Bureau and the Northwest Airlines dispatch office. After determjnlng
the location of the icing condition, a preliminary vertical and
horizontal traverse was madé to define the ic¢ing region and. determine
the Severlty of the icing condi tion. The ai irplane was then flown in
the icing region and all exposed parts of the anrplaneJ protected
and unprotocted were obServed
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Tbmperature data were’ ob awned durlng iclng cond :tions, and

. photographs were taken showing ‘ice férmetion or prevention on
exposed surfaces. For each flight an attempt was made to land with
ice accumulations,on unprotected or* ins ufficiently héated parts in
“order that the formatlons might be" 1*hotog:f'a,phed. :and studied.
:Durlng two fl*ghts An icing condztlons the heat to the wing outer
panels was turned off:, thus allowing -ce to form, and observations
were made of the removal of ‘the icé accret“ons when the heat was
- again aprlied. Groand -observations’ were. made of the ability of

the system to romove frost; show, and ice from the wing outer pansls
with the englncs in-the. 1dling condltlon

. REoULTS o

The ‘data recorded durlng ‘the tests of tne XB-QMF airplane in

1. dry-alr are presented in tables T to Iv. The thermocouple and

- 'pressure orifice numbers given in the tables correspond to those
shown in figures 6 and 7 : :

Calculatlons based upon-: the data in tables I to IV show that
"the average. temperature rise of the wing outer—panel leading—edge
skin, above ambient air, for cruising flight at 18,000 feet (design
~conditions) was approXWmatelv equal to the design value of 100° F.
The leading-edge skin is defined as the heated area forward of the
10-percent—chord: point. The greatest.deviation from the average
value occurred at the -center of the semispan, at which point an
average rise of 80° to 900 F was observed. - Dufllc en+ data were
not obtained to permit rommenu on the chordwise temp rature
"dlstrlbutwon.‘

The Phange in air temperature in pass:ng through the leading—~
edge corrugation passages varied from ebout 140° F near the inboard
end of the outer panel to 80° F near the wing-tip joint at both of
the test altitudes. An estimation of the heat .flow.through the
leading-edge skin, calculated from the air-flow rate and ths )
average temperature change in passing through the corrugation
passages, resulted in a value of 30,000 Btu per Jhour (725 Btu rer
hr per-sq ft of leading-edge surface) for the tests at the design

altitude. The heated air circulating inside the wing after dis chargse

from the leadi ing-edge system transferred approximately 30,00C Btu
per hour to the wing skin and structure before leaving the wing at
the aileron gap.

The average temperature rise of the wing inboard panel leading—
edge skin in the dry~a1r flights was approximately 95° F near the
inboard nacells and 75° F near ths outboard nacelle, or an over-all
average of 85° F. The change in terperature of the air in flow1n5
through the corrugation passages was 200° F (inboard) and 130° F
(outboard). BRased on average temperaturss of the circulating air
before and after passing through the leadlng—edge system, and the



rate of air flow, the heat flow through the skin surface was about
20,000 Btu per hour, or 750 Btu per hour per square foot of
leadln —edge surface.

The temperature rise of the horlzontal stabllﬂzer leadlng—edge
skin in dry air varied. from 35 F inboard to 95 F at the f1n or
an average rise of 650 F. The heat flow through the empennage.
leading-edge surfaces could not be .calculated because the distri-

Vbut*on of the air flow to the various components was not determlned.
‘Thé average temperature rise of the fin lead;ng~edge skin was about
50° F, the average at the top of the fin being 15° F above that at
the bottom. No thermocouples were located in the central portion
of the fin leading edge, which appeared to be the coldest area,
based on ice—formation observatlons.AA

No thermal data for the windshield are presented for the
following reasons: The preliminary flights with the initial .
installation indicated that the thermal conductivity of the
plastic outer panel was excessively low, ‘and hence the panel was
replaced with the higher: conductivity materlal, glass. The dry-air
flights for this arrangement provided data of the heat loss of the
01rculat1ng air in the copilot's windshield; but these data, to be
of design use, must be correlated with ooter-surface temperature
rise or aotual icing tests. .During the icing flights most of the
heated air was directed to the pilot's windshield to provide
complete protection for that side and, as a result, some ice formed
on the copilot's windshield ‘due to an nsuff"c1ent quantity of
heated air. Since no provision was made for obtalnlng temperatures
or air-flow rates for the p*lot'o windshield, only observational
“data wére obta:nod '

Observations were méde'on‘l7 flights in icing conditions,
- during which 101ng was encountered for a total elapsed time of
, approximately 9-1; /2 hours. The icing condltwons encountered

include rime ice at temperatures as low as -3 F, freezing rain
at temperatures as low as- 15° F, and . glaze ice over a range of

temperatures from 20° F t0.32° F. The data recorded during the
flights in icing conditions are presented in tables V. to VIII.
Based on the data in these tables, the.average temperature rise of
the wing outer-panel leading—edge skin was approximately 90° F

and the average hcat flow thrcugh that.surface was about 850 Btu
per hour per squarée foot. Photographs taken during flights in
icing conditions, and immediately aftor landlng, showing ice
accumulations on unprotected and insufflciently heatod parts arc
presented in f*gures 8 to 28.

A map of tho reglon in which the icing tests were made,
including the locations listed in table v is givenlas.figure 29.

The leading edges of the wing outer pansls were maintained
free from ice formations in all tests when the: heated air was



applied to those surfaces prior to entering the icing condition,
and were cleared in less than two minutes after heat had been
applied during the test of the ice-removal characteristics. Under
gsoms atmospheric conditions, during both the ice—prevention and

the ice-—removal tests, ice formations on the lower surface of the
wing, formed from water running aft from.the heated -leading edge,
were observed. This condition was photographed aftsr tests 7 and 8,
and is shown in figure 8. Ice accretions shown on the wing Ieading
edge in figure 8 formed after the heat supply to the wing outer -
panel had been discontinued to preserve the ice formations on the
~under surface. The upper surface of the wihg outer panels and the
~ aileron and flap hinge reglons were maintained free from ice forma—
tions under all conditions. Ice formed on, the leading edges of the
wing tips in all of the test condltlons. (See fig. 9.)

Complete pwotectlon of the leading edge of the wing inboard
panel was not obtained under most icing conditions with theengines
at cruising power. . (See’ fig. 10.) 1Ice formations similar to those
' shown in figure 10, however, were removed in one test by increasing
the engine manifold pressure 2 to 4 inches of mercury above cruising
conditions. From data in table VII. the average heat flow through
the skin forward of the firont spar was calculated to be .approximately
the same as that obtained in dry-air flights, or about 750 Btu per
hour per square foot of. surface area. No ice was observed tc form
on the upper surface' of the wing inboard panel aft of the leading
edge, but ice did form on the lower surface in some tests; as shown
in figure 10.

In general, protection for the lead;ng edge of tne horizontal
stabilizer was provided in all flights with the exception of small
areas at uhe stabilizer root and tip. In one flight at a tnmnﬁra-
ture of —3° F, incomplete protection of the leadﬂng sdge was.
evidenced as shown in figure 11. Ice formations at the Lnadequatelv
heated root and tip arsas are shown in figures 12 and.1l3. The
average temperature rise of the loadln"—odgo skin during all of
the icing conditicns was approx1matoly MO F ’

Ice formatlons aft of the leading edge on the under Shrfa“O of
the horizontal stabilizer were observed in gome flights and are
shown in figures 14 and 15. Ice was not observed to form: qt any
time in the vicinity of the elevator hinges or on the elevator
surfaces, which were not heated. In most of the flights ice formed
on the central porticn of the fin leading edze, the top and bottom

_sections remaining clear (figs. 15 and 1€). An attem;t waz made to
improve the heating of the central region by reducing the internal
obstruction to air flow in that vicinity, but only llght--mrrovo—
ment was obtained. In the test flight at an ajr temperature of -
3% F, ice formed along the entire fin leading .edge as shown .in-
figure 11. In test 12 the central portion of the leading edge
(shown covered with an ice formation during flight at cruising
power in fig. 15) was maintained in an intermittently cleared

IS



condltmon by operatwng the ‘engines at a manifold pressure about 4
inches of mercury above the cruising condition. . The two p01nts in
the leading edge at which thm outer skin’ ovarlapped were seldom“~
cleared of ice formatlons : . '

_ The averags temperature rise. of the fln leadﬂng—edgc ‘skin .
during the icing flwgnts was ‘approximately 459 F. A*tentlon is
"again directed to the fact that this average value is based’ upon
temperature data from-thermocouples located in the cleared regwons,
and may not be representatJve of- the entire leadlng&edge surfau

. In gome of the test flights;fslightzice formations were
observed on the sides of the -fins aft of ths leading edge, 'as shown
in figures 14 and 17 The rudder hinges and surfaces,’ which’ Wbru
not heated, were observed to be CLuar of ice at all times.

rost, snow and ice waYe remove d from thc leadlnn edge of the
wing outer pansl at air temperatures as low as € F during ground
tests by operating the outboard engines at 1dl"ng conditions. Frost
was removed from the wing swface aft of the laadwng edge over
areas where the circulation of the heated air was not blocked by
lnternal obstra\twons such as gas tanks.

In onec ground test in wnwbh the cntﬂre wing was covered with
a thick ice formation produced by a freezing rain,-the forward -20 -
percent of the wing outer-pancl surface was cleared in 15 minutes,
but the melted ice refroze aft of the cleared area and no formatlons
. behind the region were removed.

During the first flﬂght ‘tests in. icing conditions the inner
plastic panels of the heated windshield buckled due to thermal
expansion, resulting in a much larger gep betwesn the two panes
than was desired for thermodynamic reasons and causing considerable
distortion of vision.

With the final windshield arrangement (glass inner panel,

- blower in the windshield supply duct, and shut-off valve in copilot's

supply duct) ice was prevented from forming on the p pilot's wind~

_ shield during all icing cornditions encountered. For the copilot's

windshield the degrec of protcction afforded varied during the tests,

being dependent upon the hsated air available after the pilot's

windshield had been supplied. Figures 18 and 19 show the pilot's

and copilot's windshields during a typical icing flight. Frost on
the exterior and interior of the pilot's and copilot's windshields,
which had formed with the airplane at rest, was readily removed by
the heatcd—air system during ground warm-up.

Durlng all of thes icing conditions encountere d the elec—
trically heatcéd pitot-static airspeed head was malntalned free
from icevaccumulatlons Formations occurred on the airspeed
mast, however, which may have been of sufficient magnitude to



affect the airspeed indicator and altimeter readings. (See fig.
20.) Accordingly, a second source of static-pressure reference vas
established, which consisted of two interconnected static orifices
flush—mounted 6n opposite sides of- the fuselage about midway -
between the trallwng edge of the wing and the leading edge of the
stabilizer. An airspeed indicator was connected to the. static
pressure. from “these fuselage verits and” to an e1ec*r1calla heated
total head located at the nose of the aﬂrplane - This unstalla—
tion gave: 1e11ab;e alrspeed readings under all cond;t ons
encountered. .

For the flights in:icing. condltﬂons the serv1ce rad¢o anuanna
was replaced w1th a. 1/16~ nch.steel rable Whlph was rubber—covered
to reduce radig statwc interference. "Wlun the. exceptjon of -
occasional pre01p‘tatlon gtatic. 1nterference ‘radio receptlon was
maintained during all of the flights in icing COud;thH irrespec—
tive of heavy ice for matwons on the antenna wlre .+ The .steel cable
had sufficient stréngth to. carry ice formations. on the wire as -
large as 2 ‘inches in diameter. ‘Figure 17 shows the radio antenna
successfullv carrying a very heavy ice formatﬂon. Ice also formed
on the antenna anchor insulators, as shown in figure 21. Aluminum
shields" were Dlaced in front of the an*enna lead—ln insulators to
prevent ice formations from provi 1ding an electrical connection
between the antenna and the airplans struﬁture An ice format1on
on one of the 1nsulator sh*elds is shown in figure 22.

Tce formed on the heated llns of "the heat~exchanger awr—lntake’
scoops in all of. the tests, as shown in flgure 23.

Ice accumulations on the ‘urtheated surfaﬁes and protuberanres
of the airplane are shown in figares 20, 21, 22,.and Qh to 28.

The ‘only- serv1ce to the thermal 1ce*prevent*on equlfment
required during the flight—test period was océasional repair of
mechanical failures of the heated air dump-valve motor .units.
Periodic 1nupectlons of the heat exchangers failed. to reveal:
deterloratlon such as corrosive. act;on or fat:gae cracks.

DISCUSQTON

An inspection of the results of the - nerformancc tests on the
XB-2UF airplane thermal ice-prevention égquipment indicates that
the installation was adegquate, with a few exceptions, to prevent
formation of ice on the surfaces for which protectiocn wvas desired,
provided a quantity of heat approaching the design value was supplied
to the installation. This conclusion is based upon the fact that at
cruising conditions the performence of the wing outer panel and the
horizontal stabilizer leading-edge installations was entirely satis-
factory, and that the operation of most of the remaining equipment
was brought to a satisfactory condlt on by 1nPreas;ng the power of
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the engines. The unsatisfactory performance of the wing tips and
fin leading—edge outer—skin overlap regions, however, may be
attributed to local design and not to an insufficient supply. of
heat. The fact that flights were safely conducted ‘in all.of the.

icing conditions encountered demonstrates that the operation.of the.. °

equipment, in general, was adequate and reliablcl—although the.
need for further development of some Dortlons of the’ 1nstallat¢on
is evident. : :

A study of the d881gn requirements for the pqulpm.ent _  -
(reference 2) and the performance data tables clearly indicates.
that further development of the. system should start with the
consideration of means for increasing the quantities of heat
directed to the areas to be protected. Although the wing outer—. -
panel leading edge was maintained free from ice formatlons with a
heat supply of only 50 to 70 percent of the design requlrement
supplying the entire design amount would afford a larger margin -of
protection, would probably eliminate the small ice formations . g
observed on the lower surface aft of leading edge, and would provide
an increased source of heat for the wing tips. The amounts of heat
supplied to the wing inboard Daﬁel and to the empennage were about
75 percent of the design requlrement and for these regions an
increase of heat supply isg partlcularlJ desirable. For example,
the intermittent removal of ice formations from the fin leadlng
edge by increasing the engine power during test 12 indicates that
the design heat flow might have provuded satisfdctory nrotectlon. _
For the inboard panel, also, ice formations. present under Pru151ng '
conditions were elﬁmlnated by an increase in power.

The primary factor causing the heat 'supply to the ioe—preventiqn
equipment to be below the design requirements was the excessive
energy losses experienced by the circulating air throughout the
system, with resultant low rates of air flow. The design require—
ments for each of the four exhaust—-gas—to-air heat exchangers were
a heat output of 200,000 Btu per hour at an air-flow rate of 2730
pounds per hour, a temperature rise of 300° F, and an air-side.
pressure drop of 5 inches of water. . (See reference 2.) This design
pressure 4drop was approx1mately one—hulf of the dynamic pressure of
the air stream at the design indicated airspeed (150 mph, q = 11 in.
of water). The remaining one-half was to. be employed to circulate
the heated air through the system aft of the exchangsr. Preliminary
tests of one of the XB-24F exchangers installed on a single—engine
test airplane (fig. 30) showed that when the difference between
static pressures before and after the exchanger, in ducts of equal
area, was 1l inches of water, the exchanger heat output was 155,000

Btu per hour and the air-flow rate was 2130 pounds per hour. The
exchanger air inlet and outlet for these tests were the same as

those for the XB—24F installation. These data show that even if
all the available dynamic pressure at the .design airspeed could be
expended in causing air flow through the exchanger, .plus 1n*et and.
outlet,  the heater d051vn performance could not be reellzed
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Unfortunately, the scope of the test data did not allow a
breakdown of the energy losses of the air in passing through the
exchanger into those losses attributable to the exchanger alone and
those occurring in the air inlet and outlet. In a consideration
of the air ducting, however, attention is immediately attracted to
the evident restrlctlon “to-dir fXow provided by the exchangsr air

outlet. (See figs. 4 -and 30.)" ‘The-shape of .the outlet was largely R
determined by the space available without re10catrng or-, erlmﬂ atlnguf__;f

essentlal equipment and structural members in the nacelles. Thé

_ suspicion that ‘the "air-outlet imposed a. restriction on the air flow.
was confirmeéd 1n the first flight tests. of the. rnstallat on, in ~..

vhich excéssive air temperatures ahd.- very- Tow arr—flov rates were}

noted. An 1nspect10n of the eXchangers :indicated.that the reglon .

F, A (fig. &) atualned 2 higher temperature than any- -other area, as

might Dbe expected from a ‘consideration .of the outlet, and led to~

the removal of some of the exuernal plns asg. outlrned in. frgure h

.

A further'comparlson of - the test qata of- the exchanger ;nveotl—z;ﬁjf

gations on the s*ngle—englne ‘airplane and ithe- cerformance tests . of .
the entire XB—2kF 1nstal ‘ation indicated that: the. oressurc losses o
througn the system aft of the exchanger were.also larger. than ‘could

be considered, des1rable, althougk not to .the same, degree as the

losses through the exchanger © Taess.results. show pla¢nlj ‘the 1eces;"”f f
sity for careful consideratlon of . the design of the. c1rcu‘atwng_a1r o

path, An attompt should be made to-design the heat exchanaer in~
such a manner that energy- losses: which do not- contribute. to the

transfer of heat are- mlnlm"zed ‘Consideration should be given in R

deolnnlng the oxchanger to the manner in-which the. cwrculatlng awr‘
is to be dlre ted to and from ‘the heating surfaces, in. order to o

reduce the energy losseS”in the inlet and cutlet. mhu use of gulde"*‘w

vanes in the dir inlet is undedirable ‘uriless: prov1svon is made to .
prevent ice formations from restricting the air flow. The inner |

surfaces of all ducts should be smooth, curves should be gradval ‘and -

of formed constructlon, turng in réctangular ducts. should be about,
an axis parallel to the ‘Tongsr dlmen81on, and- con81deratlon should .
be given to the use of gulae vanes e R AT '

The equlnment was tes+cd in: natural 1c1ng condltlons w1thout
making the pecessary rev1swons to increase the performance, for theif;“
forlowing reasons - L U :;g " e -

1. A redesign of the exchanger‘air outlet would 1nVOlVP
considerable alteraticns to the interior of the nacelles, and”
probable 1nclu31on of the arr'lntake in the ndcelle structure . to .
provide ice protectlon and 1ncrcased aerodynamlc cleanness.nr'

2. A study of the performance of tho equlpment 1n the dry~ P
air flights indicated that the ‘heéating of the wing outer panels':'f” .
appeared- adequate, and the heating of the cmpennage was marginal. =
Further alterations to improve’ the performance would.have-delayed.
the program a full year, and since’ former flight—test experience...
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under natural icing conditions suggested that the operation of the
equipment, in general, would be sat¢Sractory, the tests were
conducted without further changes '

: The- performance of the wing tly and the central portlons of -
the leading edge of “the fwns emphasizes. the necessity of obtaining
" proper internal drstrlbutlon of the heated air, and of circulating

' '>thls air in’ dlrect contact with the inner surface of the outer

~ skin. " In the case of the wing tip, the design would be improved
by employing an:inner;- secondary ‘skin rather than the outer cap,

. thus continuing the outer-panel leadlng—edge de81gn to the extreme
" tip.. - Although the outer—skin -installation -on.the horizontal
stabilizer provided satlsIaotory performance, the empennage

" .installation would be improved- by ‘providing. the “inner-skin type of

construction for. the stabilizer and fin leading edges.. The external-
" skin type of construction was used on the leading edges of the
 XB-2UF: empennage because the alterations to.ths .air plane structure
were 31mplp and because of the suction 1mpo=ed on the heated-air
supply system by locating the air—exit gap in a low-pressure
region. For any new installation in which redesign of the entire
leading edge is being conswdered however, the small loss in
circulating air potential incurred by employing an internal, rather
than external, sccondary skin would be offset by the increased ice—
removal efficiency of the system aft of the leading edge, resultzng
from internal circulation of the heated air. Furthermorc, an
internal-skin system would result in greater aerodvnamlc cleanness
of the installation.

An exact determination of the effect of the. icing conditions
on the heat transfer from the leading-edge surfaces, by a comparison
of the surface temperature rises obtained during the dry—air and
icing tests, is not possible because of the variations in the test
conditions. In general, however, the approximate average values
of leading-edge skin temperature rises (10C°.F, dry air, and 90° F,
icing) and heat flows. (725 Btu per hr per sq. ft dry air; 850, ic1ng)
indicate that the heat transfer from the outer surface was increased
by approx1mately 20 to 30 percent in the icing flights.

The performance of the heated windshield revealed the'necessity
for employing a glass outer panel in the heated-air double—pane
type of design, or a material of equivalent thermal conductivity.
For the inner panel, the use of a plastic which will maintain its
‘form at a temperature of 200° F is recommended.

The strength of the internal structure of the XB-2LF airplane
was unaffected by the elevated temperatures resulting from the
thermal ice-prevention equipment installation. The highest
recorded structurc temperature was 206° F, obtained in an unreported
flight, and the thermal equipment was employed during take—offAin ‘
the icing investigations without v181ble damage to the wing
structure or equlpment
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The need for further extension of the ice—prevention squipment
1g evident from 2 consideration of figures 24, 25, and 27. In the
case of the leading edges of the engine cowls (fig. 24) continuous
flight in icing conditions resulted in an area reduction of the
carburetor, oil'ccoler, and intercoolsr air intakes of approximately
50 percent. Obviously stoppage of thess openings woulid terminate
the flight irrespective of the satisfactory operation of other parts
of the ice--prevention eguipment. The protection of the air inle%
to the heat sxchanger should also be given considerable attention.
in the design.

Because of the importance attached to the operation of ths
valvos which discharge the heatsd air or direct it to tho ice—
prevention equipment, control of these valves should be .obtained by
a simple, mechanical system. If an electrical or hydraulic control
system is employed, & mechanical, secondary instellation should be
provided for emergency usec. An indicator should also be provided
to show that operation of the valve control or controls has
produced the desired valve action.

CONCLUSIONS

1. The performancc tests of the thermal ice-prevention equip—
ment in the XB-24F airplanc under natural icing conditions demon—
strated that the performsnce spscification adopted for the design
of the installation was satisfactory and should prove entirsly
adequate for any similar future installation.

2. Sufficient data are available tc preparc a thermal ice—
prevention cquipment design which will meet the performance specifi-
cation employed for the 24F installation and which will be
structurally satisfactory from a stress and a production standpoint.

Ames Aeronauticel Laboratory,
National Advisory Committee for Asronautics,
Moffett Field, Calif., Oct. 7, 1943,
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TABLE I

DATA RECORDED DURING TESTS OF THERMAL ICE-PREVENTION EQUIPMENT ON THE
XB-2L,F AIRPLARE IN ROW-ICING CORDITIONS (MOFFETT FIELD, CALIF.)

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS

Test number = = = « - = = 1 2 3 L 5
Level Level - Level Level Ground
Condition = = = = = -~ « = ?liﬁht Plight Pl ﬁ!‘t Fl_igl_it Run
Date = =~ = - = « = 10/12/42 | 10/15/42 1oé16% 10/16/1:2 | 10/16,
2125P M. | 10:50A. N, | 10:L0A N, +008oon | 3:00F. X,
Time = = = = = = = = =« = to to to to to
h:lOP.M. 12’15?.“0 12:00Noon 1120P. M, 3130?-“0
Pressure altitude, feet ~| 10,000 10,000 18,000 18,000 0
Free air temperature,’F - Lo 50 23 23 81
Correst indicated air-
speed, mph = = = =« « = 150 150 150 150 0
Manifold pressure, No. 1
engine, in. of Hg - - - 25 27 30 32 0
Manifold pressure, No. 2 ‘
engine, in, of Hg - - - 25 21 30 17.5 0
Manifold pressure, No. 3
engine, in, of Hg - -~ ~ 25 25 30 16 0
‘Manifold pressure, No. L
engine, in, of Hg - - - 25 25 24 35 17
Bpm, No. 1 engine - - - - 2,000 2,000 2,000 2,400 0
Rpm, Fo. 2 engine -~ - - - 2,000 2,000 . 2,000 2,200 0
Rpm, No. 3 engine - - - - 2,000 2,000 2,000 2,200 0
Rpm, No. L engine - - - -| 2,000 | 2,000 2,000 | 2,400 1,500




TABLE I1I

RESULTS OF TBSTS OF THERMAL ICE-PREVENTION BQUIPKENT IN RIGH?T
WING OUTER PANEL, XB-24F AIRPLANE IN NON-ICING CONDI TIONS

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Thermo-
couple
Number | Test number « = = - — = - - ------- 1 3 5
Pressure altitude, ft = =~ = = = = = = = = 10,000 | 18,000 0
Correct IAS, Mph= = = = = = = « = = =~ = = 150 150 0
Free alr temperature, OF- - - = = - = = = Lo 34 Bl
Weight of alr to outboard section, 1b/hr- 1,107 1,220 --
A17 | Yemperature of air out of exchanger, - L7 358 | 350
emperature rigse, F- - - - - = = = = - = 207 jo%g
Heat to air, Btu/hr = = = = = = = = = « = 10%,000 [58, --
Alr temperatures, °p
Al8 |At S-inch venturl =« = = = = = = = = = « = 329 335 331
A1, |In duct outlet No. I, ste, 708 = - = - = 306 311 209
A10 n duct outiet No, 2, sta, [OO = = = = = 282 | 288
AT Tn duct outlet No. 3, sta. DI = - - - = 248, 207 262
) Tn duct outlet Ro. L;, sta, DBB - = = - - 256 253 2L0 |
A15 |Forward of baffle, sta, 391 = = = = ~ = - 2L5 | 2L3 2L0
KI5 Behind Gaffle, sta. B0 - = = = = = = = = 0% g6 1T 1LY
AIT |Forward of baffle, sta, 390 = = = = = - = 257 250 2LE
AIZ |[Behind baffle, 6tae 38] = = = = = = - = = 1,5 138 | 180
A8 Forward of baffle, stae 495 = = = = = = - 194 188 211
J.Xe] ehind baffle, stas 49) - = = = = = = - = 125 113 1580
A5 Forward of baffle, sta, D9 = = = - = - = 225 N 223
AG Behind baflle, sta. OIf - - - - - = = = = X7 125 [ 165
A2 orward of baffle, sta, 609 = = = = = = = 220 215 210
A3 Behind baffle, sta, 608 - = = - = = - = = L | 133 | 162 |
A2 nside wing tip, near leading edge - - - 91 70 112
AI3 [Tnslde wing at rear spar, sta. 390 - - - o3 15 9%
A1 Tn wing, mid-chord, stae D20 = - = = = ~ 162 B3 13,




TABLE II (CONCLUDED)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

[Therma~]
couple
number | Test number = = = =« =« = « = = - - - === 1 3 5
- 8kin temperatures, °P above free air
temperature
815 | Lower surface at front spar, sta. 382 - - 79 83 L2
BII; [ Lower surface at baflle, sta. 380 - - - - 128 132 BO
313 nose, sta. 380 - - = = = ~ - = = = - - 120 126 82
—SI1 | Upper surface, at baffle, sta, 380- - - - 135 LI | 8L
[~ 812 | Upper surface, at front spar, sta, 300- - L6 10 L2
[ 817 | Lower surface, mid-chord, sta. 390~ - - - 3 o] [)
810 pper surfece, mid-chord, sta. 390- - - - 6 17 11
" SI8 | Upper surface, sta, B0 - - - = = = = - - 3 17 5
— S10 | Lower surface, at front spar, 8ta. L/b- - 76 BI e
39 On nose, sta, i) = = = = = = = = « = = = 104 104 | 105
[T S8 [ Upper surface, at front spar, sta. L/6- - vL, 571 80
[T BT | Lower surface, mid-chord, sta. 595- - - - 13 18 19
85 | Upper surface, mid-chord, sta. 0o- - - - 13 18 %9
85 | Lower surface, at front spar, sta. &G04~ - g7 T 79
[~ 8, On nose, sta, O0H = = = = = = = =« = = = = 110 113| 106
83 pper surface, at front spar, sta, 604= - 58 70 B1
[~ 81 | Upper surlace, mid-chord, sta, 604~ - - - 10 T7 pIn
52 KlTeron seal skin, sta, 60}, - = - - - - - 17 21 17
S5 | Lower surface, wing tip, L inohes from
leading edge =~ = =~ = = = = = = = - - - 37 L1 2l
SL43 | On nose, wing tip, sta, 030 ~ = = - - - - 25 Z7 21
SLL | Upper surface, wing tip, L inches from
leading edge = ~ =~ = = = = = = « = = = 36 L1 39
Struoture temperatures, °F
Ml On nose-ridb wed near front spar, sta.387- 102 92 | 130
A On nose-rib web near baffle, sta, 38/ - - 168 156 | 167
Pressure Pressures in inches of water referred to
Orifioce free-stream statlo pressure (+above,
[Number <~ below)
9% On baffle near No. ; outlet, sta. 586 - - +0.6 -0.8 -
P3 On rib aft of baffle, sta, Do~ - = = - = + 0.4, -1.1 -
PL At fralling edge near exit, sta. H05- - - 4+ 0.2 -1.5 -
[ P5 | affle near No. 3 outlet, sta. H1D - - + 0.9 -0.8 -
On Yaflle near No. 2 outlet - - - - - - - +1.1 -0.8 -
— P On rib aft of baffle, sta., 3B1- - - - ~ - +1.1 -1.2 -
{ o At trailing edge, near exit, sta., 392 - - +0.8 -1.5 -
[~ PI0 | On baffle near No. I outlet, sta. 363 - - +0.8 -1.3 —




TABLE III

RESULTS OF TESTS OF THERMAL ICE~PREVENTION BQUIPMENT IN RIGHT

WING INBOARD PANEL, XB-2,7 AIRPLANE IN NON-ICING COND

ITIONS

NATIONAL A

OV ISORY

COMMITTEE FOR AERONAUTICS

Oriﬁ.oﬁ Pressures in inches of water referred to free

Thermo-
couple
Humber | Test number « - w o « = = = - .o ... .- 2 L
essure altitude, ft = = = = = = = = = « - = - Y0 000 | 15,000 |
Correot TAS, Wph = = = = = = = = = = = = < = = = 113"'—“‘[55"
Yree alr temperature, OF = = ~ = = = =~ ~ = = = 2T
Welght of alr to inboard section, Ib/hr
- (each side) =~ = - - - = - -o- - e - o= 5763 162
elght of alr to empennage, lb/hr- - < - - - - - 2,1 1,880
We_fgﬁrgfair per exchanger, Ib/hr = = = = = — < Ilbg—'—w
Average temperature of afr into exohagier, oy- - 26
A25 | Yemperature of alr out of exchanger, - - - = gf !
TYomperature rige - = = ~= = = = = - - - == 3 15
Heat to alr, Btu/hr (each exchanger) - - - - - = | 129,000 |I05,
Air temperatures, °F
A23 Bntering distribution duct = - = = = = - = - - - Eg 278
AZ1 In distribution duct, sta. 195 = = = == = = - = B2 4
[ K22~ | But of corrugations, sta. 193 = - = - = = = = = o1
A1) | In distribution duct, sta, 250 = = = = - = = = = 23 %"
A20__| Out of corrugations, sta, 250 =- - - - - - - = - 55
8kin temperatures, °F above free air
temperature
827 Lower at front spar, sta. 193 o = = « = - - - - 126 |- 1
526 On nose, stas 193~ = = = = = = = = - - = - === 1&“""‘1@"
825 Upper at front spar, sta, 193= = = = = = = = « «
i Lower at front spar: sta, €90~ = = « = = « « =~ = 1%2 Y
821 On nose, sta. 250 = - = -Z;B -------- - - 78
520 Upper at front spar, sta, @50~ = = « = « « =« = = I
823 | Upper, 30-percent ochord, sta, 850~ = = = = = = = 1% 1_3"
32 Upper, &80-percent chord, sta. 250 = = =« = - - = 5 12
Pressurq ;

Rumber stream static pressure { above, - below)
P11 Static at exchanger entrance, upper, :
No. 3nacelle = « = = = = = = = = = = = = == +9.3 9.1
[T PI, | Total at exchanger entrance, upper,
¥o. 3 nacelle = =« = = = = v » = = = =~ =« - - - 12.0 | +12.0
PO 1 Total ot cxohanger entramse, Yower, 22
So. 3nacelle = =~ - = o =eweae--- 413 | +135.4
[ PLT [ Statlc at exchanger entrance, lower,
No. 3 nacelle = = - = = .- .- - .- .- - +10.4 +10.6
[ P13 | ¥ear duct entrance, 8%ta, 110 = = = = = = = = = = - DR
P18 In delivery duct, stas 250 = = = = = = = = = = = - +0.9 |
L PI7_[Tn corrugation, sta, 250 -~ = = - - - - - - - - - - 5.5 |




TABLE IV

RESULTS OF TESTS OF THERMAL ICE~PREVENTION EQUIPMENT FOR THE
EMPENNAGE OF THE XB-24F AIRPLANE IN NON-ICING CONDITIONS

NATIONAL AULVISORY
COMMI TTEE FOR AERINAUTICS

Thormo=-
couple
FNumber | Test number = = = = « = = = = = = = = = - - 2 4
Pressure altitude, ft = « = « = = = = =« = = 10,000 18,000
Correct JAS, mph = = @ = = « = = = =« « =« = 160 160
Free air temperature, OF = = = = = = = - = 50 23
Weight of air to empennage, 1b/hr = « = « =| 2,160 1,860
Stabilizer air temperature, °F
AdS At B=fnch vonturi « = =« @ @« c = o c = = = = 323 508
A33 In duot, joggled regiol = « = « < = « « = = 313 295
A30 Inside leading edge, near fuselage - - - = 137 117
A32 Qut of lower gap, inboard = « « = = = = =~ - 61 42
A3l Out of upper gap, inboard « = = = = - = - - 70 49
A28 In leading edge interior, near fin - - - - 197 176
A28 Qut of lower gap, outboerd - = « - - - = - 92 74
A27 Out of upper gap, outbeard - - - - « - - - 138 120
A28 In plenum ochamber = = = = = = « = « = = « « 267 250
Stabilizer skin temperatures,
OF above free air temperature
8§36 Lower at front epar, inboard - = = « = = = 10 19
538 On nose, inboard e @« @« ¢ = =« = = « =« = = = 46 62
534 Upper ot front spar, inboard « = = « w & =} 13 23
832 Lower at front spar, Ssemi-span = = = « = = 0 10
831 Upper at front spar, semi-gpan « « = = =« « 11 16
836 Lower at rear spar, semi-span = = « « = = - 1 8
830 Lower at front spar, outboard = = = « = = = 30 36
828 On nose, outbolrd » = = = =« = « = = = = = = 104 108
829 Upper at front spar, outboard = = =« = - - 123 127
Pin air temperatures, °F
A37 In duot, upper outlet = @« = = = = o = = = - 247 228
A38 Out of upper outboard gap = - - - - - - - o 98 75
ASH Out of upper inboard gap = = = = - = = - = 110 81
A38 In duot, lower outlet = = « = « = = = = = - 245 2286
A40 Out of lower cutboard gaAp = = = = & - = = = 87 88
A39 Out of lower inboard gAp = = = = = = = « = 03 71




TABLE IV (CONCLUDED)

NATIONAL ADVI SORY
COMMI TTEE FOR AERONAUTICS

Thermo-
couple
N\mber Testn\mber------—---r---.--. 2 4

Pin skin temperatures,
OF above free air temperature

839 |Top, outboard, at gap « = =« = = = « « « « « = 45 67
§37 |Top, ON NOBE = = = ® = = @« « v = = v = « « = 63 82
S38 |Top, inboard, at gAp « = = = - = « = = = = « 66
S42 Bo‘btoml outboard, at Ep - - e - 35 42
S40 |[Bottom, ON N0SE = = = = @« e = = = « @ « - = = 42
841 |Bottom, inboard, at gap « « = « « « « « - - 22 32

Pressures in inohes of water

referred to free~stream statio

pressure (+above, = below)
P29 |Air duot, stabilizer root e« « o v = = @ = = = 1,8 «0.8
P27 |Upper air gap, stabllizer root = « = = - = -| 7,0 «8,3
P28 |Lower air gap, stabilizer root o « = @ = = =} 5,2 4,6
P26 |Upper air gap, stabilizer tip « « = = = = «~ ~| 9.8 =8,.8
P26 |Lower air gap, stabiliger tip = « = = « = = -] 9,3 =7.3
P24 |Stabilizer tip plenum ohamber = = = = = = = =| <0.8 =0.8

P32 [Alir outlet inside fin, tope = = - - - - --- «0.4 =1,.8

b

P33 [Alr outlet inside fin, bottom «1,8

P30 | Air gap, top of fin, inboard = = « - - = - -] 3, =~3.8

P34 |Air gap, bottom of fin, inboard - =208

4
8
P31 |Air gap, top of fin, outboard « = = =« « = = =| -1,8 <245
2.0
6

[}
:
&’ !

P36 |Air gap, bottom of fin, outboard «3,0
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TABLE VI

RESULTS OF PLIGHT TRSTS OF THERMAL ICE-PREVRETION BQUIPMENT IN RIGHT
WING OUTER PARBL, XB-2LF ATRPLANE IN ICING CONDITIONS

NATIONAL ADVISORY
COMMETTEE FOR AERONAUTICS

‘Thermo-
couple : .
number | Tost number - - = - « = =« = -« o « - - 6 7 8 9 10 11
Pressure altitude, ft = = = = = = « = = « 6200 3100 1,000 6000 1,500 1,300
Correoct TAS, mph -« - - - - - ... 150 171 171 1 161-271 T186-191 181
Froe alr temperature, F = = - - = = - = 15 22 27 16 20 25
Welght of alr to outboard section,Ib/hr - 1300 1700 1800 - - 1725
Al7 Temperature of alr out of exchanger, - L6 315 LT L6 309 ALO
Tomperature rige, OF « = = = = = = = = = 331 293 320 330 289 315
Heat to alr, Btu/hr = = - - - - - - w o7d 103,000 115,500 1138,000 - - 31,000
Air temperatures, 9F
218 At S~inch venturi = = = = = « = = = = « « 331 305 33l 333 300 326
ALl In duct outiet No, 1, sta., 3686 = - = = = - 22 310 - 280 500
X10 Tn duct outlet No, &, sta. [0 - = = - = - 251 289 - 271
AT n duct outlet No. 35, sta. Dl5 = = = = = - 256 206 -- 250 265
i Tn dquot outlet No, L;, 8ta, 588 - - - - = == 2L5 260 — 253 258
A5 Forward of baff'le, sta, 351 « = = = = <& 235 251 260 2862 210 251
AlS Behind baffle, sta. A9 = = = = = = =~ < = 96 105 117 109 110 111
KIT Forward of baffle, sta, 330 - - - - - - - - 235 268 = 252 262
AYZ Bohind baffle, stas 387 = = = = = - "= = - 152 189 - 156 158
LY:] orward of balfle, 8ta, LOD ~ =~ = ~ - = = 17h 180 199 155 pgn 190
A9 Behind baffle, sta. 9% = = = = = = = = = 102 112 126 pEIN 124 113
x5 Forward of baffle, ata, BLJ - = < = = = = 705 53 735 775 719 bl g
13 Behind baffle, 8ta. B = = ~ = = = = = = 112 125 1R 130 T3, 122
Z Forward of baffle, sta, O0J - - — = - - = 205 225 2 221 215 222 |
3 hind baffle, 6ta, GOB = - = = = = = = < 116 1,6 1.5 130 13, 128
ALZ Inside wing tip, near leading edge - - - - CQ -1 -~ 80 79
KI¥ |Tnalde wing at réar spar, sta. ‘é‘o -~ = - .5 15 - — 26 Iz |
.38 Tn wing, mid-chord, sta, 620 = - = = = = == 35 96 == 80 |
Skin temperatures, °F above
free alr temperature
815 |Lower surface at front spar, sta, 382 - - - 63 8l - 8l 60
Sl Lower surface at baffle, sta, 350 = - - - 107 103 138 19 1538 11
“51% |On nose, sta. 380 = = = = ~ = = = = - - = 119 B8 128 | 1,3 130"
S1T Upper surface, at baffle, sta. 380 =~ - = 130 123 1% 155 159" 12%
5)2 Upper surface at Ifront spar, ste, 382 - - - 52 60 - /R 50
S17 Lower surface, mid-chord, sta, 590 - - - — 13 16 — 12 13
516 [Upper surface, mid-chord, sta. 390 - - - = 15 18 == 12 T3
SI8 |Upper surface, 8ta. 300 = = = = = = = - < -~ 1 1, —= 3 10
510 Lower surface at front spar, sfta. L]0 - - 65 63 13 [} 19 '
5 On nose, sta, B3 - - = ~ - = = == = = = 85 B3 TI0 123 107 75
S8 Upper surface at front spar, sta, ;76 - - 58 59 &7 ki &9 S
S7 Lower surface, mid-chord, sta. 595 - - - - 23 21 - 16 16
86 Upper surface, mid-chord, Sta. 95 - - - - 19 21 = 16 156
SH Lower surface at front spar, sta, 60, - - 120 76 G2 115 20 59
N Un nose, sta, 605 - = = = = = = = - - - = 90 BK:5) 110 129 99 B3
53 Upper surface at front spar, sta, 60 - - 53 57 58 70 &l oL
S1 Upper surface, mid-chord, ata. 60 =~ - - ~= 18 18 - 15 16
2 Kileron sesl skin, sta, 604 = = - =~ = - - -= 27 27 —= 15 jan
SLYS Lower surface, wing tip, I inches from
leading edge = = - - = - - = =« - - -- -- Lo -- 28 33
“BLT_ [On nose, wing tip, ste, 630 = = - ~ - < = 30 29 Lii L —28 gy
SLL Upper surfece, wing tip, L, inches from
leading edge = = = «~ « =« = = =« =« = - - - 23 37 - 28 30
Structure temperatures, °F
M On nose-rib web near front spar, sta.387- - 91 105 - - 98
R On nose-rib web near baffle, sta. 38/ - =~ - 155 176 - - 157
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TABLE VIII

RESULTS OF FLIGHT TESTS OF THERMAL ICE-PREVENTION EQUIPMENT FOR
THE EMPENNAGE OF THR XB-2LF AIRPLANE IN ICING CONDITIONS

TThermo-]
couple
number | Test nuMbOr = = = = = = = = = = = = 6 7 9 11 12
Pressure altitude, ft - - = - - - - 6200 | 2800 | 3900 | L4500 |L200
Correct IAS, mph - = = = = = = = = 150 IBL | 177 | 181 | 161
Free air temperature,°F - ~ = - = - 15 20 27 ] 9] &5
Welght of air to empennage, Ib/hr - | 2160 | 2670 | 1830 - | 210
Stabilizer air temperatures,®P
A6 | At é~inch venturi = « = = = « = = « --] 285 ] 290 | 265 | 278
33 Tn duot, jogeled region - = - - = - TI5| 280 | 251 | 2,5 | 264
A50 Inside leading edge, near fuselage- --f 110 8L -- 93
A%2 Out of lower-gap, inboard = -~ - - = - 28 L3 -
A5l Out of upper gap, inboard = - - - - - L5 L3 - 9
125 Tn Yeading edge interior, near fin- - /I | 126 =TT
A28 [Out of lower gap, outboard - - - = -1 oL 70| =-] ol
A Out of upper gap, outboard - - - - -=-]1 115} 100 - 97
A26 In plenum chamber = = = = = « = = = 2a| 2359 1761 176 | 186
. NATIONAL ADVISORY
Stabilizer skin temperatures, COMMITTEE FOR AERONAUTICS
OF above free air temperature
S35 | Lower at front spar, inboard =~ = = - 20 16 15 16
833 On nose, inboard = = = - = = = - = - o 39 | 36 37
83, | Upper at Front apar, inboard - - - =] 20| 16] 16| 16
532 | Lower at front spar, semi-span - - - 11 1% [ 13
o051 Upper at front spar, semi-span - - -- 15 pun 15 15
— 335 Lower at rear spar, semi-span - ~ = - 10 9 9 1%
830 Lower at front spar, outboard - - - - 29 27 22| 25
~ 528 | On nose, outboard - = = = = = = = = &0 95 a, | 61 3]
8329 Upper at front spar, outboard = = = - &5 92 T7 75
Fin air temperatures,°F
A37 In duct, upper outlet = - - - - - = --| 220 | 183 -- | 181
36 Out of upper outboard gap - = = - = -— 78 gy - 78
A3Y Out of upper inboard gap = = = - = -=| 104 B6 - (23]
A%8 In duct, lower outlet = = = =« = = =« -1 220 177 -=--1 180
ALO Out of lower outboard gap - - - - - - ()Y &l - pIt:]
| Y Out of lower inboard gap - - - - = - LB 5% - | 39
Fin skin temperatures, °F
abuve free alr temperature
839 Top, outboard, at gap = = - = = - = - 50 39| Lo 36
537 Op, ON N0SE = = = = = = = = = = ~ 58 T 19 L6 33
538 | Top, inboard, at gap - - - - - - = - LS| 29| L1 L0
~SIZ2~ | Potfom, outboard, at gap - - - - - =1 3261 36| 32| 30
80 | Bottom, on nose - - - = - - = - - - 58 65 L81T LL 30
SLT | Bottom, inboard, at gap - - - - - - -1 25 27 27 15




*opeu oxem juewdinbe uworjussexd-est TeWIEW) ey3 30
4893 JUITTF Y3 YOTym ur eweTdiT® ghz-gX ouy =°T eInIig




-

(7 FONTMZATY 2 F&/79/) IV TSIV
TE2-GX T N/ LNFHVAIOT NOLUNINIY
FO7 TOWITHL FHL SO NOLLY TIWLSNY THL -S TS

TNV a4 120
WIPT DNy oV T N

Vo> 5
FIIIVE

SJ11AYNOYIY YOI 3IFL1INNOD
AYOSIAQY 1YROIiVN

YO G or
ST LNOY

FIRL S IALNTA
PINV MTLIO oL D “_.
LD X/ L Ok 1
..E Eers - SIPONINIXT LV PH
FHTS Lvody -~ .

TN OV OENY
FDOT ONI/TV 7 DN/

\Q&\o\\.ﬁ\\\n\

XUTS™ L MO

TN OV OINY L
LD IV LOH

P Fu I ORLNTA

Pz - - f FOENNIIWT F PRI/ OV
’ : N\ g . R TAM At
FEE - . i

P -

S5 -

[ -
Frd -

——————
SNO/L 44




*ouerdate Ihe=EX 9Y3} U0 83593 IO0J pesn IsFueydXe 38aY I11e-03-s8F~1sneyxe odly-urg-urg - ¢ eamIrg




INIWLINOT NOILNIAIYL -301

TIVYWH3IHL dP2-dX 3HL JO sls3aL Hod
SHIAINVHIXI LVIH NId-NId OL SNOISIAAA -F JHNDI1d

M~-M NOIL23S

A3IN]
e
HiON31 NId
wNy3aux3 & 2
" ./ dvo 3
Hld3ag Nid
1vNaaNg €
“ ¥3l3anvia
MOVIC
LsnvHx3
+ a
_
S 000
4 .
I S 9
, _ AAvMAOL
S v
R —L J°
MO d Sv9 a

Y43 1% 2§04 SY ANVS @ ANV ¥

SNo1123S ‘9 Noio3ay

a iv iHoiaH 1Ind

ol 3 1v.¥, Wodd a3y3dvl
SNid 4 NOt©3¥

e B 2¥
SUIONVHIXI OL SNOISIAIY

GIAONIY Nid AdHL Ad3A3
g NOILDIS ‘© NoIoI3y

A3A0WSY Nid H3HLO ANIAT
Vv NOIL23G ‘9 NOI93IY

HION3IT YINd ¥0Z4 AIAONIY
SNid 11V 4 NoI93d

e P I¥

SHIONYHIXT Ol SNOISIATY

SO ILAYNOYIY ¥OJ 23211MNCD
AHOS1AQY TYKCILVYN
N| 3w
WOVLS Lsaver3
—V TOOAMHS !
_ i -———
! MO14 svo
)
a0 REEE— e
Soate -y advmaod
P
100 2\
Fe— HLEN3ET OBNNIA G —

a

3




"MOTJ IT8-DPO3EeY Y] e8¥eIOUT 03 SPIOTUSPUTA
1830TTd oy} 03 30Mp YOUT~{ UT POTTBISUT JeMOTE =G eandyg




NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Figure 17.~ Left vertical fin during flight in icing conditionms.
Note ice formations aft of leading edge and on radio antenna,
Test 9.
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Figure 25.~ A rime-ice formation on the bombardier's
windshiold, Tests 7 and 8,
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FIGURE 29. - MINNEAPOLIS AREA, SHOWING THE REGIONS IN WHICH THE VARIOUS ICING FLIGHTS WERE CONDUCTED.
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Figure 30,- Installation of one of the XB-2UF airplane
exhaust-gas-to-air heat exchangers on an 0-L47A
ailrplane for performance tests,
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