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SUMMARY
. , y:téxm
. ;As a, 3ﬂT+ of a comnrehen31ve 1nvestigat10n of a thermal
"1yo~nrevent101 system for a C—-46-cargo: airplane, £flight tests
have. .been:conducted to evaluate :the- effect ‘0f the system upon
the .aerodynamie nerformance of the: alrplaue.’ With the air-
‘Mplane onerating at a crulse condltion, the installation of
" 'the theraal 1ce—nrevention system reduced the 1nd1cated air-
spend by..ebout 6 miles per hour, the equivalént of a loss of
about 92 thrust horsepower. This loss in performance is
attributed almost exclusively.to the paras1te drag of .the ’
heat—exchanger installatlons.: The loss due to the. internal
drag of ,thae theérmal 1ce-breventlon systen: ‘and the loss ‘due’
‘to the back pressure on the engines resultlng from the ‘heat
exchanvers ig shown to be’ negllglbl

INTRODUCTION & %

Previous researches relating to the prevention of ice
formation upon the wings and empennage of aircraft have,
in general, been directed toward the development of a prac-—
tical thermal - 1ce—prevent10n system which would enable the
alrcraft to onerate safely and for proldnged periods in
inclement weather’ “'In view of the urgent need of such
équipmenu,.to permit’ the execution of tactical military
operations resgardless of weather, emphasis has been placed
upon the development of a thermal system satisfactory from
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the standnoint of ice prevention, and only superficial, if
any, attention has been given to the possible detrimental
effects of the system upon the aerodynamic performance of
the aircraft.,

The wurooses of the investigation reported herein,
which is e »art of a comprehensive investigation of a ther-
mal 1ce—o;evoatlon system for a C-~46 cargo airplane (refer—
ences L:~t0.4), were (1) to determine the effect of -the ., -
thermal ice—areventlon system upon the performance of the
C-46 sirnlans, (2) to establish, ifipogsidle, the factors
contributing to any change in- nerformance, and (3) to
evaluate the amounts-of such contributions. The investi-~
gation was conducted on the C~46 airplane as successful
flights in natural-icing: conditions (reference 4) have
estabiisnec‘*ﬁe suitability of the thermal lce—prevention
system installed in that airplane ‘as a. practlcal means oI
ice preveantion. - <

The investigation included flight tests, with the air-
plane oweratlng at a cruise condition, to determine exper1«
nentally the’ change in airplane performance resulting from
the installotion of the thermal ice—prevention system.
Considerrtion was also given, experimentally and analytically,
to the determination of the contribution of the following
factors tc the change in airplane performance: (1) the-
inecrease in exiaust—gas back pressure resulting from the
heat exchangers, (2) the external drag of the heat—exchaunger
" installaticas, (B) the internal drag of the thermal ice-
f'preventloA system, and (4) tne welght of the thermal ice-

. preventlo svstem.”

. Thls f'aearch was conducted ‘at: the Ames Aaronautlcql

‘LaborstorJ as o part of: A‘comorehen91ve 1nvest1gation ‘of the
thernal’ 1ce—3rpvent10n system of the'C-46 airplane which was
T initiated: ot the request .of the A1r Technlcal Serv1ce Conmand
_f,of the U. S. A;my Air rorces.-__ :

‘DISCRIPTION OF BQUIPHINT .

Aihpléné o

The C—=406 cargo airplane utllized in this investlgation
- is a low—wing monoplane of the heavy military cargo type
- (fiz.-1).. The following specifications of the C-46 airplane,
'-oertinent to this investlgatlon, have been taken from ref-
7'=rence 53 DR

RS .
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Airplane . :
HanufsctUTer o v o o o o % « » o o o« o o o+ Curtiss-¥right
TYDe o % e oo o diBe:ile o o o o o o o 0—46, military-cargo
ATRY NUMDCY o o o o 4 v s e e 4 e e e e s s oo s 4112293
Fumber of engines . . ¢ ¢ o o ¢ s o & o o o e « o 2
Length. ...ﬂf_aagv,fp,,:g ot e e e & e te i Ge s 77 ft 1 in.

Wing . 3m2an - o e e SE Ve ie e el cece e s 5.; 10& ft 0. in.,Lf;L

Over—all hesight (three—pOLnt position) . . . 22 ft 2 in,
Wing area (including flaps and ailerons) . . 1360 sq ft
Empty weight . . . e ee e -2PProx, 31,500 1d
Gross weight (max, for take—off) &« « « + & s+ o 48,000 1D
Gross heloht (maA. for landlng) . e e.e . &5..,46,000 1v

Jnglne

PnuLLCtthrM;;01i;-}!‘:'yi;'--; A Pratt ‘& thtney;:ZA

Type ‘ya;!'{ o 18=-cylinder, twin—nqw, radlal qlrfcooled;jlyu
ilodel nAuEDET 4 . + 4 .+ + « « 4 e + s e e+ « + o R-2800-51

Angine-wroneller gear ratio . . . . . o ¢ . o . . 0201
Tnginoe—-sunercharger gear ratio (low blower). . . . 7.6:1
Angine—-sunercharger gear ratio (hlgh blower) . . . 9.9:1
Compression ratlo e v s e e e e s e e e e e s 6.7 :1

.E’Ore . ° . . . . » . . . . . - . . . . . . . . . 5 75 in.

Stroke ... . ;sgg,_.;.*:ﬂ.<.-u..~;'; o e e s 6.00 in.
Dleal“ce"ﬂnt P A T A T T SR T 2804 cu in., ..
Ratiag .;df . e vie e 2000 bhp at 2700 rpm

“for.. take~ off (5 min only), 1600 dhp at 2400 rpm

- for . max1mum continuous emergency operation; S5.L. .
to 5700 £t (Ratlngs ‘based on 100-=octane, amend—
» menu:a, performance .grade No.. 125 Luel)

Propeller :
Manufaclturer -oio s ie.o w . ers oieisssre - Hamilton. Standard
Drawving 1unber e e e e e e e e e e e e e e s e .-.B54914-0

Number of B1BAES - + + + + o 4 e et e e e e e e e .. B
Diame—ter v;-y‘*v_f o e . e ® a“i‘c: ./oo '-'_' :‘-:ﬂu‘r_vc, . e o e e e 15ft

Thermal Ice—~FPrevention 3 1pment

The thermal -ice—prevention. equlﬁment, as originally in—-
stalled in the .C—46 airplane-and as revised. for tests in
natural—-icing conditions,; is comple tely described in refer-
ences 3 2ad 4, .respectively. . For the investigation. reported
herein the thermal ice—or@ventlon system was in the revised
condition cescrlbed in- raferencp 4, The orlglnal heat -
exchanger ianstallation for the C—46 alrnlane is shownin fig-
ure 2. Tigure 3 shows the special fairings which were con-—
structed and installed .over the heat exchangars for a. phase
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-of this investigation. TFigure 4 shows a heat—exchanger . ‘in~-
stallation replaced with a standard production exhaust stack.

s Instrumentation
Ca11brated standard "instruments were 1nsta11ed 1n the
alrplane to 1nd1cate englne manlfold pressur ,, engine speed,
pressure ; altltude, and indicated alrspeed. ‘A shielded 4
'mercury—ln—glass thermometer, mounted out51de the fuselage
'at statlon 286 , was used to 1nd1cate the amblent—alr temper—
ature. . : - :

TESTS

The effect of the thermal 1ce~nrevent10n systenm. on the
perlormance of the airplane was - measured “in flight in terms
of 1ndlcated alrspeed while malntalnlng constant manifold
pressure on thn englnes, and in terms of. manlfold pressyre
‘while ma;ntalnlng a constant .indicated airspeed. All tests
‘were-conducted.at 10,000 feet density altitude, with:the
engines ope;etlpg ‘at 1900 rpm and low blower, and at an air-—
plane gross veight of apuroxlmstely 38 OOO pounds._

_ rne torts were conducted under t he follow1ng four oper—

A‘ating COAQ’UIOQS i

l.»iewt etchangers in olace, heated air dlscharged over—
b0ard, engine manifold pressure maintained con—
-stant. at 30 inches of mercury

2. Heat exchangers in place, heated air delivered to.
: - the surface—heating system engine manifold pres-—
sure malntalned constant at 30 1nches of mercury

5. Heat exchangers removed, standard productlon exhaust
' stacks installed, engine manifold pressure main-
tained constant at 30 inches of wercury
4, Teat exchan ers removed standard productlon exhavust
stacks installed, indlcated airspeed maintained
constant at values previously -established by
‘tests of condition 1 :

Tnase condi tions prov1de the change in performance
caused hy the thermal system in terms of airspeed (condl—
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tions 1 _fand 3) and in terms of manlfold pressure (con—
ditions, l ;B, and 47 . The effecb of the-heat— -éxchanger ..
fairings. (f’v' 3) upon, the performancerof the airplane was.
establighad oy'fllghts with the fairings. .in place and re— ,[
'moved,,thl, 1e alrplane opersting under condltious 1 and 2.

Y r .
'\“:'.-' :

v duriang each t st were racorded manuqlly at inter~:
rgnroxlmately 1 minute for a sufflqient length of

t ime, aft T eoualibrium‘ sonditions had been’ gstablished. to
‘assure; ~tt~1n4ent of renreseptatlve results. o

I54

'f”ﬁESULTS?~A':

The results of the flight tests are. presented in table

I. .The values of ambient-—sir tempernture, pressure alti-
tude, and ‘indicated airspeed listed in the table are the
averages of the recorded data 'fdr-each test condition. The
variation, of individual readlngs of these. varlebles from the
average voliuesimresénted. did not exceed +£10 'F, +50 feet,
and £3 niles per hour,'rnsoectlvely.» -The values of the
amnlent—slr temperature have nmot beaen. corrected for -the
effect of glnstic heatlnb.t_J

o The -Aﬂ“c&ted airsonéds obtalned durlng thn tests-at
condltloms l fs.~and 2 are.presented in figure 5 as func—
"tions oF 1r~s suTe al&itude.h Sinée: the relationship of ian-

A'udlcatog :Lrsveed to nressure mltitude for conditions 1 and

2 was SUJSU&Atlallj 1dentical only one curve has been drawn
throungt~n m"aarlmntal 01nts for those two conditions.

DISCUSSIOV
Over—all—Performqnce Chango Resultlng from

the:insta latiOn of the Thermal System
The results (tablé'l“mﬁa‘fig 5) indicnte that the
nerformonce, change resul*ing from the installation of the
thermﬁl‘“vsten amounted 'to approximately 6 miles per hour
indicated airspeed or 1.4 inches of mercury manifold pres-
sure a% the test conditions.

Sufficient performance data are available for the
- - /oy e
C—-46 cargo airplane to interpret these performance changes
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. in:terms’ of ‘brake horsenower.« Finure 6 presents curves of
. indicated 1_sneed and manifold presqure as functions ‘of

" brake. norse)ower ‘which. have been plotted from the: data’ of

reference 5. Although none. of the curves of figure” 6 are

’.for the 10, OOO—foot density altitude test conditlon, the

fact that. tne curves are parallel: allows the. assumption to
"be made -that ‘the curve for the test conditions would ‘also
have the ‘same "slove. Thus, calculations involving the

change in brake horsepower for a given change 'in airspeed or
.manifold »Hressure can be; made, u51ng the slopes of the ‘curves
_presentec 1n flgure 6. o o

_ : mhe Lollow1ng derivation 111ustrates how the data of

f_flgure 6. were'employed to evaluate ‘the ﬁerformance differ—

" ence caused by ‘the exchanger ‘installations in terms of brake
horsepowver aad, by assuming a propuls1ve efficiency, in

‘terms of twruot horsepower.

n aropulsive efIlClency (assumad to ‘be constant for
all test condltions) ’

(thp)lw "thruvt horsepower developed by the ‘airplane in
: condition 1 [(vhp) ,n]

(thp) a3 .thrust horsepower developed: by the irplane-in}
R ‘¢ondition 3 . [(bhp)sn] C

(thp)4eoulthrust norsebower developed by the uirplane in’
co condition 4 [(bhp) nl <

(thp)b o, bhrust-horsepower reduction- attrlbuted to. heat—

exchanger exhaust-gas back pressure [ (bhp), ]
(tan) . & tbrust-horsepower reduction attributed to internal
i drag of the thermal system [(bhp)lntn]
(thp) gy hrust—horsepower reduction attridbuted to_external

irag of the thermal system [(bhp)extn]

Since the manifold pressure, engine speed, and density
altitude are the same at conditions 1 and 3, the thrust
horsepover developed by the airplane would be the same were
it not for the effects of the heat-exchanger exhaust-—gas
back pressure when operating at condition 1. Thus,

(thp), = (thp)y - (thp)b_p.

or
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" (vhp)i =" (bhp)y ~ (bhp)y . (1)
It “is slsé evident:that. the difference between the thrust
horsepower developed .by. the. alrplane in “conditions 1 and 4
is eounvalent t0:the. ¢conbined effecfs of the 1nterna1 drag
(thP)1qt -and the external.- drag .(thp)ext' Thus,

(thp)1 (thp)4

.

(thp)int + (thp)ext.‘_:
or

L (on9)pyy + (BBD) gy = (ohp)y = (oD (2)

Squations (1) ena. (2) may .be combined to yield the follow-
ing relwtlonshlp. Con . .

(tan) + (thp) + (thp) (thp); — (thp),
b.p. 1nt ext

or

(onply o, + (Php)yne + (DBR) .y (bhp), - (bhp), (3)

Thus the svum of tlhe power losses caused by the exchanger
installations is ‘equivalent to‘the difference in power Tre-—
quired to operate at conditions 3 and 4. The brake-
horsepover loss [ (bhp)s — (bhplg} may be evaluated from
figure 6 for either the manifold-pressure difference or the
airspeed difference between conditions 3 and 4. In the'
following ca lculatlons, tne brake -horsepower is determined
by both methods.

1. Eors epowver loss computed from airspeed data.-— rrom
table I tne average airspeeds for conditions 3 and 4
may. be taken as. 169 and 163 miles per hour, respec-—
tively., The "brake horsepower for these airspeeds
(curve 1, Tig. 6(a)) corresponds to 810 and 750 brake
horsanower. Therefore, Sl

810 - 750

(bho)z - (bhp ).4

60 brakehorsepower per engine, or

l

120 brake horsepower for the airplane
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ané; sssuming a propulsive efficiency of 0.8
(thy)b'j.+ (thp)int+ (thp)ex =0,8 x 120

= 96 thrust horsepower total

RN

‘.41‘

2. Horsspower ‘Loss -g_mpme__d_iawm__an_ig_l.—nushnrg ~data.
From teable I the manifold. prcssures at condltlons 3. and
4 vere 30 and 28.6 1nchesAc. merCury, resPect1VG1v. o
Therefove, from figure 6(b), cufvel 3, (bhp)s's= 9J0 gad "
(bhn), = 845.7 Therefore, R ‘

(3)y .+ (ohD)gpy + hp) oy s
=900 845 |
= 55 brake hor;epo&éf ﬁeé engine, -or
. 110 brake horgepoﬁef for‘the;airplgne

.(trl-_f"‘)b D +_ (tholint"' (thp)ext; (110)(0-8)

n.

88 thrust horsepower total

The s:xnperimental data for methods 1 and”2 were taken in-
dependently of each otner, and the methods provide reaso:able
agreemnent, .“herefor "the performance change in terms of
thrust ho*saaower caused by the insta11atlon of the vthermsl
system will be taken as 92 tharust- hevsenowver, which is an
average o0i Ve values obtalned oy the above two methods.

nduction of Power Attrlbuted to Heat—L changer4
‘441haust—Gaq Back Pressure

"An 5~L1mate of tne reauw i¢n of power ‘caused by the

heat exchanger exhaust-gas bacx pressure may be made on the
basis of general data available. The effects of back pres-

sure on o Fiat two-row, 18-cylinder, air—cooled, 1000-
“horsepower engine, type ABO0-RE-41, when operated at constant
manifold »ressure and carburetor-air temperature are given
in reference 6 in terms of atmospheric pressure as follows:
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(Lo}

(vhp), = (bhp)g (1 + &2

K
wheres
(bhp)é- bl Le horsenower at 59° F carburetor—alr temperature.
(bhn) rmne horsepower at standard sea~1evel atm0spher1c
‘r%a condltlons s
AP atnosnherlc—pressure dlfference ‘betwesn sea level AR
and the atmospheric pressure at which (bhp),
1s des1red, millimeters of mercury
K coustant dependent on manifold pressure

If it is assumed that the Pratt and Whitney R-2800 en-—
gines emploied in ‘the C- -46 alrplane are similar to the Fiwt“
engine hltl revard to beck—pressure effects, ‘the effects of
the baclr nreéssure: caused by the: heat—exchanger 1nstallatlons‘
on the C-=4G' ¢argo’ airplane may be calculated, ' The exhaust~
gas pressure drop through the left outboard heat exchanger
has been neasured to be apnrox1nate1y 0.5 to 0.7 inch of
mercury:at, tﬂe best “conditions. ' If the ‘value of 0.7 and the
value of ~ ¥X° 3500) taken from reference 6 for 30 inches of ..
mercurv 1 ‘fold pressure is used, the effect ‘of the heat
exchanretis!at: 'the” 8000-f 60t pressure—altitude test condi-
tions is..about. 5 dbrake horsepower per engine: OT 8 thrust
horsepouer forx: the airulane. T B S T

' Reference 7 prov1des the follow1ng general relationshlo;-
for conct(nt—hoost operation, of an;aircraft engine for smell-
changes in. ntmospherlc oressure,and temperature. -

ety ole
(bhp) @< p T

where

P atmosynerlc Dressure, absolute._

T atmosonorlc temperature, absolute,

RN

The ex eonentlal values of-—O 1 and —O 8 are the mean velueS-“
given by rererence 7. Thus,_for the . 8000—foot pressure— - :
altltude test condltlons, since brake. horsepower varies as - -

p‘°m1- the effect of :t:he- heat-exchanger back ‘pressure is-

about 4-vrake; horsepower per engine or - 64 4 thrust horseooner
for t he- °ir>lene.. : L . , A .



i0 JACA ARR No. 5D06"

dither of the values of thrust—horsepower reduction
attributed to exhaust—gas back wressure, as derived from tas;
relationships given in reference 6 or-7, is not more than -
0.6 percent of the total power deve10ped by the engines, and
would cause & .decrease in indicated alrspeed of about one~
half mlle wer hour - (fig. 6).

"Redvu ctlon of Power Attributed to the Internal Drag
| . ",of the Thermal bystem o

As incdicated in table I and flgure 5, there was no neas—
urable difference between the performance of the. airplane .
when the heated air was discharged (condition 1) and when the
heated 2ir wos dellVereo into the .surface—heating .system..
(condltlon 9) : - J' o

If. 1% 1s assumed, 'in eltner case of operation, that thel}"
same amount «of air-enters the heat exchangers . and ell tne ’
“kinetic ensrgy -of the air is eapended a max1mum value of
(thp)lnt aay be ‘calculated. From the data of reference 4,

the hes ted—ﬂlr flow rate through all the heat exchangers’ ot
the SOCO—foot Dressure—altitude condltlons may be approxi-
nated as 14,000 pounds of &ir per hour. The indicated air-—
speed, b1ven ir figure 5, for this condition is 163 ’'miles -
per hour ~2nd the total klnetlc energy of the 14,000 pounds
of air wer hour would amount to about 8 ﬁythrust horsepower.,
In any <Cud@l case, the horsepower loss caused by 1nter1al
drag woulé e less.’ * ~

Reduction of Power Attributed to the External Drag
of the Thermal System"

It has been established that the exhaust-—gas back pres—
sure and the internal-drag effects of the thermal system
contribute only slightly to the total performance difference
measured. These effects are estimated to total less than 15
thrust horsepower. The remainder, approximately 77 thrust
horsepower, is attridbuted to the ewternal drag of the heat-—
exchanger 1nsta11at10ns. It 'is evident from figure 2 that’
the exterpal drag would" be large, and it is evident from the
test results (fablé 1) that the falrings (fig 8) had no
me asurable be eflcial effect :
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Considerable external drag, however, is not necessarily -
inherent to hest—exchanger 1nstallat10ns. If the heat
exchangers .were. located w1th1n the nacelles and the alr—1n1et
SCoOODS. lOC’ted in the stagnatlon region..of’ the cowllng, the.
-externﬁl drag could be reduced congiderably. ~The’ installa- -
tion on the 0—46 airplane was installed for the ‘purpose of .
investigrntiang the 'surface-heating system, and the availabdle .
time wos not sufficient to permit complicated nacelle alter—
ations %0 be nede for sabmervlng the' exchangers within the-~'
nacelles.'? : SR : .

' Aaditional Aifplane Gross Weight Attributed

to the Thermal System

The werformance tests were all conducted with the air-—
plane at qpn‘ox:metely the same wazight and, therefore, the
test measurenents did not include data on the effects of
the 2dditionnl weight contributed to the airplane by the
thermcl sys ten. '

B
v o

a2 wveight studles msdeé of prev1ous thermal sys—

’ Basdd -o:

tems s5i1ils® to that iastalled in the 0-46 cargo airplane,
the weéight added to thé bare ‘airplane (e, without any form
of ice—»revention equipment) by the installation of ths

thermal syetem has been approximated to be 500 pounds. The
1900—ronn’ ‘ervise charts of reference 5 indicate that at 8000
feet pressuro altluude, ‘and a constant manifold pressure of:.
30.2 inghes -0f mercury, a change in airplane -gross weight
from 35,000 to 40,000 pounds (an increase in weight equal @ .-
to 10 tizes tae eStl’"ted weight of the thermal system) 310—
duces o corresponding chaonge in indicated airspeed of 2 iciles
per hour., Thus, the installation weight evidently has
negligible effect on the performanc; of the airplane at the
test conditioas. . : L

The ~&Citional fuel weight which must be carried by
the airplone at the test conditions to overcome the effects
of the aeat—exchanger installations may be calculated as
follows:

At the 8000-foot pressurs—altitude 163-miles—per—hour
test concditions (conditicns 1 and %), the additional power
regquired to overcome ths effects of the heat—exchanger in-—
stallztionsg is (dbhp), — (bhp),. The difference in power
required at conditions 3 and 4 [(bhpl - (bhpla] has
been eveluated as about 115 brake horsepower, or about 57
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brake horsepnower per engins. Also, by equé%idn‘(i),

(bhp)3 - (bhn)b = (bhp);. Thus, neglecting the back-
pressure, e*fects, the horsepower difference l_(bno)1 - oL:)4]
may be. Saken as 57 brake ‘horgepower per -engine, Figure 7

presenbs;_;¢plane fuel consumption-as a function of bralze -
horseponev ané has; been plotted from data given in reference
5. From figure 7, for the pover .range .cuployed in the tests,
it is evident tbat ‘a brake-~horsepower -difference of 57 brﬂk,
horsepover ‘causes. an increased fuel -consumption of about:

7 gallons mer hour .or about '45 pounds of fuel per hour. Tz

value would be slightly less. if the effects of (bhp)b p.
were considered.

COWCLUS IONS

, l.,Lna verformance change resulting from the instolla—
tion. of the, thermal. system in the C-46 cargo airplane amounted
to apnrovlnﬂtely 6 miles per hour: indicated. azrsoeed or 92
thrust borsenouer at. the 10, OOO—foot dens1tj—a1t1tude test
conditions.

2.-TJS nerformance change resulting from the installs—
tion" of to taermal system in the: C-46 airplane is almost
entlrel Le ‘to. the para31te drag of the heat-exchanger in-.
stallatlons. . :

Ames Aeroa.u lCal Laboratory, .
Raulonal Advisory Commlttpe for Aeronautics,
‘:hoL*ett Field, Calif.,

©)



NACA ARR Iio. 5DO6 , 13

=]
i
=}
B
5]
=
Q
53
w

1. Neel, Corr B., Jr.: An Investigation of a Thermal Ice-
Prevention System for a C—46 Cargo Airplane. I -
Analysis of the Thermal Design for Wings, Zmpennage,
andé Tindshield. NACA ARR Ko, B5A03, 1945.

2., Jsackson, Richard: An Investigation of a Thermal Ice-
Preveantion System for a C-46 Cargo Airplane. II -
The Jesign, Construction, and Preliminary Tests of the
Axhavst—Air Feat Ixchanger. NACA ARR No. 5A03a, 1945.

Jones, Alun R., and Spies, Ray J., Jr.: An Investigation
of o Thermal Ice-Frevention System for a C-46 Cargo
Airwlene, III — Description of Thermel Ice-—Prevention
Eguipment for Wings, ZImpennage, and ¥indshield. NACA
ARR To. 5A03b, 1945.

o]
.

4, Selns, James, Neel, Carr B., Jr., and Zeiller, E. Lewis:
An Iavestigation of o Thermal Ice~Prevention System
for o C—46 Cargo Airplane. IV — Results of Flight
Tests in Dry—Air and Natural-Icing Conditions, NACA
ARR ¥o., BA03c, 1945.

5. Anon.: -0-46 Aireraft Hanual. Northwest Airlines, Inc.,
/' Oct. 15, 1943,

6. Ragazzi, Panolo: The Power of Aircraft Ingines at Alti-
tude, NACA TH No. 895, May 1939.

7. Smith, A. G.: Performance Reduction, the Supercharger
Counpression Ratio and the Bngine Power and Boos? Lavs.
Ren. Yo. H/Res/151, Marine Aircraft ZIxp. Establish-
ment (3ritish Confidential - U.S. Restricted), Hay
1943.



14

5008

NACA ARR No.

se wbhmvaMMwwww £91 94100° 08¢g | - 0061 5°82 95 ) ¢ 4 86
PIEOTPUT  *pIAOWAL 191 §1100° 0058 | 0061 8°92 55 ot 2 86
s1a8uegoxs jeaq (+) €91 9i100° 00£8 | 0061 G-g2 €1 8 e | 8l6
291 9l100°* 00t 8 0061 0°0t 19 02 1 €86
691 slto0° 0058 0061 0°0% 14 02 1 86
691 9l100°* 00t g 0061 0°0% 5 02 X alé
mwﬂw&amcuowuwauww 691 9.100° 008 0061 0°0¢ £G 02 B3 I3
PYOJTUEY - paAowsd 691 700" 016. | 0061 0'0¢ %9 02 T | a9
sZadueyoxa 3eey () 291 twitoo* 0508 0061 0°0% 9 02 X 96
1347 291 9l1t00° 0008 0061 0°0¢ 29 [}3 F 201
-weysAs 2uoN €91 Gl100° 008 0061 0°0¢ 9% ot 2 101
8uyiedy aoeyams pJaeOQUY 491 9.100° 0661 0061 0°0f 19 33 T 26
Jdte
CPoreoE  avend oy PIToqur | €91 %1700° 0o{s | 0061 | 0°0f 9% 3 Z | 16
stadueyoxa jeay (2) paeoquy 291 9lt00° 018l 0061 0°0t 29 4 F] 06
1842 291 9/100°* 0008 0061 0°of 19 o2 T 201
euoN 491 G/100° 00h8 006T 0°0f 95 01 1 101
vieoqul 191 slvoo’ otog 0061 0°*of 29 6 F] 26
pICoquy 91 sl100° 00£8 0061 0°of 9% IS T 16
 pOBATGOSTY T8 PIe0quy Tot 500" 0t8l | 00%Y 0°0% 29 BT k3 0%
eouWom “eouTd uy pJIeoquy 091 9l100° 0008 0061 0°ot 65 13 T 68
s1e3uvyoxe 3edy (1) pIeOqQUY 691 6/100°0 0106 0061 0°0t 2h It 3 29
ydw)
asetd ur (adu 3z nd 13 da 3H urt) (do) utw 22
uoY3 TPUod Surarey vawmwwmm uoh s3nys) uv%uuwam Mwmaw Mu:muwaq adnjegad Aaoﬁw nE:u Jaqunu
durseledo H3TA | pagoaadoo | £3V5UP 18| 2anssaad | ouygug| ProsTUew Trosvane | eanp [ upy | 348
Sde3ueyoxy aZeaany d3eaoay} 2eaaay aur3uz wwawm>< 383

ANYIYIY OJMYD 9n~D IHOIHM
FHL NO WAISXS NOIILNTATHJ

=SSILHND THL 40 FONVKHHOJMIJ
=30I TVHYIHI 40 193443 -°I 3navl




Fig. 1

5D06

NACA ARR No.

‘quamdinbs UOTIUBA3IA-80T TPWISYJ POTTEISUT Pue paulisap
VOVN 293 yotum o3 auerdite o3red gy-0 3UBTIN-SSTIIND Yl - T dInI14

CLLS
1vY




NACA ARR No. 5D06 Fig. 2

Figure 2.- Two views of typical heat-exchanger installation,
without fairing, on the Curtiss-Wright C-46
cargo airplane.



NACA ARR No. 5D06 Figs. 3,4

Figure 3.- Typlical heat-exchanger installation, with fairing,
on the Curtiss-Wright C-46 cargo airplane.

Figure 4.- View showing standard production exhaust stack on
the Curtiss-Wright C-46 cargo airplane.



NACA ARR No. 5D06 Fig. 5

OHeat-exchanger installations in place,
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Figure 5.~ Variation of indicated airspeed with pressure altitude for the

Curtiss-Wright C~46 cargo airplane with .and without the heat-
exchanger installations in place. Flight conditions: 10,000 feet density
altitude; 30 inches of mercury manifold pressure and 1900 rpm.
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Figure 6,~ 1900 rpm performance curves for Curtiss~Wright
C-46 cargo airplane,
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Figure 7.- Variation of fuel consumption with brake horse-
power for 1900 rpm operation of a Curtiss-Wright
C-46 cargo airplane.
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