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SUMMARY

An investigaticn was made of the icing characteristics and
means of ice protection of a typical radial-engine cooling-fan
installation. The investizatior was made at various icing and
performance conditions in the icing research tunnel of the NACA
Cleveland laboratory. '

The icing of the uvnprotected cooling-fan instsllation was
found to present a serious operational problem. Reduction in air
flow below the minimum value required for engine cooling occurred
within 2 minutes and complete stoppage of the cooling-eir flow
through the fan assembly occurred in as 1little as 5 minutes under
normal icing conditions.

Steam de-icing was found to be effective for the cowling lip
and inlet duct. Alcchol de-icing of the fan blades and stator
vanes was found to be unsatisfactory. Electrical heat de-icing
of the fan blades was found to be effective but de-icing of the
stator vanes was not completely effective at the power densities
investigated.

INTRODUCTION

Inadequate engine cooling at high gross weights necessitated
she use of engine cooling fans on a large twin-engine airplane,
Because of the exmected loss in cocling-air flow under icing con-
ditions, an investigation of the de-icing of a typical radial-
engine cooling fan was deemed advisable, The trend toward the
use of engine ccoling fans on large high-performance aircraft
makes such an investigation of general interest,
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An investigation to determine the icing characteristics of the
fan-assembly components, to evaluate the effect of icing on fan
performance at various icing and fan-performance conditions, and to
investigate and evaluate the effectiveness of several systems of ice
protection of the cooling-fan assembly was conducted in the icing
research tunnel of the NACA Cleveland laboratory.

APPARATUS

The investigation was conducted in the diffuser section of the
icing research tunnel. The cooling-fan assembly was mounted on the
modified nose section of an airplane fuselage installed in the tun-
nel, The installation consisted of a typical propeller-speed engine
cooling fan, a stator-vane and diffuser assembly, a baffle plate
located in a constant-area annular duct downstream of the fan to
gimulate the pressure drop across the engine, a standard radial-
engine cowling, a three-blade propeller and spinner, and necessary
instrumentation. (See fig. 1.)

Cooling fan. - The cooling-fan assembly was designed to bve
mounted at the front face of a radial engine snd enclcsed by the
engine cowling with the fan rotor attached to the rear of the pro-
peller hub and the stator-vene assembly attached to the reduction-
gear housing, The front fairing of the fan disk was of the "dish-
pan" type with a large forward bulge at the outer diameter of the
dishpan., The fan had 72 cambered sheet-metal blades with a tip
diameter of 43 inches and a tip clearance of three-sixteenths inch.
As part of the cooling-fan assembly, 49 cambered sheet-metal stator
vanes were located behind the fan to remove the rotational compo-
nent of the flow. A clearance of seven-eighths inch existed between
the fan blades and stator vanes. (See fig. 1.)

Instrumentation, - Total pressuvre in front of the fan and total
and static pressure behind the stator vanes were measured by
pregsure-tube rakes (fig. 2). Four equally spaced rakes of shielded
total-pressure tubes were located at the lip of the engine cowling
between the fan and propeller, These rakes were unheated because of
the extreme difficulty in heating emall shielded total-pressure tubes
and hence were used only on nonicing pressure-distribution studies,
Electrically heated rakes consisiing of four total-pressure tubes
and one static-pressure tube were installed behind the stator vanes
at four equally spaced positions corresponding to the positions of
the front rakes. In addition, static pressures were measured on
the inner wall of the diffuser in the plane of the rear rakes, All
the pressures were indicated on a multiple-tube manometer and were
photographically recorded,
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The tunnel ambient-air temperature was measured by two chielded
thermocouples located avproximately 15 feet downstresm of the cool-
ing fan, The tunnel air velocity was determined fror the static-
pressure drop through the contraction section of the tunnel, The
propeller and engine operating conditions were indicated by stand-
ard aircraft instruments located on the control desk, A battery of
four stroboscopic flash lamps permitted observations of the fan
while operating,

Steam-heat installation. - In order to investigate the elimi-
nation of ice on the engine-cowling lip and the consequent scraping
of the fan-blade tips, one steam linc with jets 0.10-inch in diam-
eter and spaced 1/2 inch apart was placed inside the cowling lip
and another was located outside the inlet duct 2 inches behind the
first line (fig. 3). Thesc lines were of 3/8-inch copper tubing
and extended approximately 40° on each side of the center line in
the lower half of the cowling, Steam heating was confined to the
lower quarter of the cowling because of time limitations and also
to provide an unheated area for comparison,

Alcohol de-icing installation., - In the investigation of the
uge of isopropyl alcohol for de-icing, spray nozzle bars were
mounted radiszlly in front of the fan blades and also between the
fan blades and the stator vanes (fig. 4). The spray nozzle bars,
congisting of tubes having six small Jets each 0.070 inch in diam-
eter, were mounted to spray the alcohol forward in an attempt to
obtain a good spray dispersion and at the same time to keep the
spray tubes de-iced, For the first installation a single nozzle
bar was mounted horizontally in front of the fan blades and one
in & corresponding position was mounted at the leading edge of the
stator vanes, For the second installation two spray nozzle bars
located approximately 45° apart were similarly mounted in front of
the fan vlades and two spray nozzle bars were also mounted at the
leading edge of the stator vanes, This second configuration was
used to obtain a greater coverage of alcohol on the stator vanes
and to accommodate greater flows, A variable-control alcohol
pump provided fiow rates up to 2.3 pounds per minute.

Electrical-heat de-icing installation. -~ The use of electric
heaters for de-icing was confined to the fan blades and stator
vanes, as shown in figure 5. Because of the large number of blades
and the anticipated large power requirements, only a few of the
blades were so heated. The blade heaters were similar to propeller-
blade de-icing heaters and consisted of parallel chordwise
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electrical resistance wires euclosed beiween two layers of neoprene
cemented to cover the entire choxd of both tlade faces. Because the
heaters were rectangulsr, they did not fully protect the inner ends
of the fan-blade leading sdges. Heateis were applied to twelve of
the 72 fan blades, arranged in two groups of aix consecutive blades
diametrically opposite and to six consecutive stator vanes. The
heated area on each fan blade vas 21.3 square inchos with a resist-
ance of 12 ohms per blade; the heated area cn a stater vane was

39 square inches with a resistance of 16 olms per vane.

The power density of the heaters was mniform. The twelve
heaters on the fan blades were connected in series in one circuit
and the six heaters on the stator vanes were also series-connected
in s second circuit. TFower to the biade heaters was metered
through a variable resistance and transmitted to the fan through
a 8lip ring mounted on the propeller hub behind the fan. An elec-
tronic cycle timer permitted the cyclical application of power to
the blade heaters.

CONDITIONS AND PROCEDUKE

The investigation was conducted in three parts to determine:
(1) fan performance in clear air, (2) effect of icing on fan per-
formance, and (3) effectiveness of several icing protection systems.

Speed and performance conditions. - The invegtigation was made
at fan speeds and airspeeds coriesponding to rated power, cruise
power, and rated-power climb conditions of the airplane for which
this particular fan was designed. Because of the slow response of
the available propeller governor, the entire program was made in
fixed propeller pitch with manual throttle speed control, The tun-
nel airspeeds were the highest that could be obtained in the dif-
fuser section of the icing research tunnel but in some cases were
slightly less than the corresnonding flight airspeeds. In addition,
it was impossible to maintain a constant airspeed for all icing
conditions because of icing of the tunnel, Baffle plates of three
different sizes werc used to obtain the required pressure drop and
cooling-air flow for each of the power conditions tested, The air-
plane -thrust axis was at an angle of attack of 0° for the entire
investigation.

Calibration of tumnel-icing conditions, - The icing conditions
were defined by the ambient-air teuwperature and liquid-watser content
of the air, Figure 6 presents the variation of liguid-water content
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with air temperature at the face of the cooling fan as determined by
a survey conducted in the diffuser section of the icing research
tunnel and a cowparison of these conditions with the values rec-
ommended by the NACA Subcommittee on De-Icing Problems and by the
Mt. Washington Weather Bureau meeting on June 19, 1945, The sub-
committee values are one-half of the recommended maximum values and
are for average or typical icing. Vertical cylinders rotating
about their axes were installed in the diffuser section and, from
measurements of the local velocity and the ice accumulation per
unit time on these cylinders, the average liquid-water content in
grams per cubic meter for each condition of tunnel air velocity,
ambient-air temperature, and spray-water input pressure was computed
by the method of Langmuir of the General Electric Company. Droplet
size was also measured but no consistent correlation with air tem-
perature was obtained. An average droplet gize of 55 microns was
obtained in the icing research tunnel for the range of air tempera-
ture of 0° to 32° F as compared with the recommended averages of

10 and 30 microns, respectively, at these temperatures. This var-
iation in droplet size was not considered important, however,
because the collectlon efficiency of small objects such as the thin
fan blades and stator vanes is kmown to be very close to 100 percent.
Although the liquid-water concentrations are slightly less than the
recormended values for most of the temperature range, the experi-
mental vaelues are nevertheless representative of moderate-to-light
icing conditions encountered in the United States. This survey was
made approximately 3 months before the cooling-fan investigation,
Although time limitations prevented any extensive checks of the
liguid-water content and distribution, visual observations of the
spray cloud and icing of the installation and tunnel, together with
readings of spray-water input pressures, indicated that the icing
conditions were fairly constant and in fairly close agreement with
the indicated values for the cooling-fan investigation. A velocity
survey made after this investigation indicated, however, that the
icing of the contraction section of the tunnel resulted in an
increase in the thickness of the tunnel boundary layer with a cor-
responding increase in the velocity at the center of the tunnel,

In addition to the change in velocity distribution, this increase
in boundary layer also caused some changes in liquid-water content
and distribution,

Clear-air calibration of fan., - Because of the difficulty of
heating the shielded total-pressure tubes in front of the fan during
the icing investigation, a calibration was made under nonicing con-
ditions to determine the variation in air-flow total preasure at the
fan inlet with tunnel airspeed, fan speed, and baffle prescure drop,
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Subsequent icing studieg were then mede without the fan-inlet total-
pressure tubes. As indicated in the diecussion of the tunnel-icing
celibration, the icing of the tunnel throat caused a change in the
air flow at the face of the fan-and hence the calibrated values of
inlet total pressure were somewhat different from thcse that actually
occurred under icing conditicns. From subsequent weasurements; it

is estimated, however, that the variation in total pressure with
icing in the area of the cooling fan was not more than 3 percent,
which would résult in an error of 15 to 20 percent in the measured
preggure differential through the famn.

Icing. - The general procedure for the icing investigation was
ag forlows: After stabilizing the alr temperature, tumnel airepeed,
and fan gpeed at the desired conditicnsg, the icing spray was started.
All data were recorded at l-minute intervals and visual observations
of the icing were continuously made ueing the strcboscopic light
system. The length of each icing experiment was determined by the
severity of the icing of the cooling-fan asssembly and the drop-off

in the tunnel-air velocity due to icing. Upoa completion of each
experiment, photographs were taken of the residual ice .formaticn on
the component parts of the fan assewbly. A summary of the conditious
for the icing investigation is given in table I. The conditions of
air temperature, liquid-water content, fan speed, and tunnel airspeed
are mean values.

Steam heating. - The procedure for the investigation using
steam Jets in the cowling lip was much the same as for icing. The
effectiveness of both ice prevention and de-icing was investigated,
In the first case, the steam and icing sprays were turned on at the
game time and the effectiveness of ice prevention in the heated area
was noted, During de-icing the fan asscmbly was allowed to ice for
5 minutes before application of the steam. The first configuration
utilized a single steam line at the outside of the inlet duct and
tl:e second had an additiocnal steam line inside the cowling lip. The
stesn-heating conditions were: tuunel airspeed, 214 feet per second;
air temperature, 14° F; liquid-water content, 0.5 gram per cubic
meter; fan speed, 900 rpm; icing time, 5 minutes; steam pressure,

3 pounds per square inch,

Alcohol de-icing. - For alcohol de-icing protection, the icing
sprays and alcoho. sprays were started simultaneously and the
alcohol was turned off 30 secondg after the icing sprays. The
investigation was made under various icing and performance conditions
fcr different alcohol flows and spray configuraticns, Because only
a part of the stator blades were de-iced, no pressure measurementcs
were made. A sumary of the conditions is given in table IT.
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Electrical-heat de-icing, - With the electric blade heaters,
only cyclical de-icing was investigated with heat-on and heat-off
periods of 20 seconds., Because of the anticipated large power
requirements and the limitations of present aivcraft generators,
cyclical heating seemed to be the mcst practical method of elec-
trical heating for investigation in the limited time available.
With cyclical heating, several group3 of blades can be successively
heated and the genorator cavacity is considershly less than when
simultaneously heating all the bladss, I'o pressure messurements
were made bacause only a few of the Hlades were heated. The icing
sprays and heat were simulvaneously started. A summary of the con-
Gitions for this investigation is glven in table III,

RESULTS AND DISCUSSION

The resulta of the investigation are presented in terms of the
fan-performance coefficients Cp and Cq and by photographs of
icing and de-icing, The fan-pressure coefficient ig defined as

Cp = QE——§ and the air-flow ccoefficient as CQ = —93
B(x nd)® nd

where

d Ten-tip diameter, feet

n fan speed, rps

\

AP pressure rise through fan assembly (Pz - Pl), pounds per
square foot

Py total pressure at front of fan, pounds per square foot

Py total pressure at rear of fan assembly, pounds per square

foot
Q cooling-air flow, cubic feet per second
p - cooling-air mass deasity, slugs per cubic foot

Icing., - Photographs showing typical icing of the fan assembly
at the conditions tested are shown in figures 7 to 12, The effects
of icing on fan perfcrmance =re shown in rizurss 1% and 14 where
the ratios of the air low and fan preasure of tke iced fan to that
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C C

of the fan before icing -E—Q— and '6—2—, respectively, are plotted

- ¥Q,0 P,0
against icing time. Although insufficient data were available to
compare the effects of icing at all icing and performance conditions,
the results shown in figures 13 and 14 are complete enough to define
the effects of icing on fan performance throughout the normal range
of icing and performance conditions. The ninimum air flow required
for adequate engine cooling is indicated in figure 13 as computed
from data supplied by the engine manufacturer.

The only condition at which the air-flow coefficient ratio did
not markedly decrease was at an air temperature of 2° F, liquid-
water content of 0.3 gram per cubic meter, and fan speed of 872 rpm
(fig. 13). Photographs of icing at these conditions (fig. 7) show
only a negligible ice build-up on both the fan blades and stator
vanes. At 16° F, 0.5 gram per cubic meter, and 897 rpm, the air-
flow coefficient ratio decreased, approaching the minimum required
value in S minutes; whereas at 14° F, 0.5 gram per cubic meter, and
1060 rpm the flow-coefficient ratio fell to the minimum required

. B : » < .
value in 3; minutes, continued to decrease, and reached a fairly

gtable value after 6 minutes, Photographs of typical icing at these
two conditions (figs. 8 and 9) show relatively light icing of the
stator vanes at both speeds with most of the ice on the leading edge
and concave face of the fan blades and extremely large formations at
the higher fan speed. At approximately the same fan speeds, as the
experiments at 897 and 1060 rpm, and at 23° F, and C.9 gram per
cubic meter, the cooling-azir-flow coefficient fell off sharply,
reaching the minimum required value in 2 to 3 minutes, and continued
to decline with a complete stoppage of the flow occurring in 5 to

6 minutes. Photographs of typical icing at these conditions

(figs. 10 and 11) show relatively little ice on the fan blades with
the stator vanes completely blocked by very heavy formations,

The variation in the pressure-coefficlent ratic at the same
speed and icing conditions (fig. 14) exhibited similar trends. At
14° and 16° F (figs. 8, 9, and 14), the decrease in pressure coeffi-
cient was primarily dve to icing of the fan blades.

Although no performance data were obtained at 17° F and
0.7 gram per cubic meter, visual observations revealed serious
icing at this condition. As shown by the photographs in figure 12,
heavy icing of the fan blades was obtained with medium formations
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on the thrust face and leading edge of the stator vanes. At one
time during this run, stroboscopic observations showed the fan
blades to be fully brldged over but much of tnls ice was later
thrown off. T

In addltlon t0 the fan and stator blades, several other com-
ponents of the fan assembly were subject to.icing. As shown in the
icing photographs, the fan-disk dishpan accumulated ice in varying
degreecs. For most condltlons, this 101ng was fairly light, never
exceeding three-eighths inch in thickness. With the exception of
runs at an air temperature below SO F, this ice was periodically _
thrown off in irregular patterns, Altnougn the dishpan is of gmall.
diameter, this irregular throw-off of ice could contribute t6 pro-.
peller unbalance in icing conditions particularly at higher fen -
speeds. Heavy icing of the engine cowling lip and the inlet duct
at the fan-blade tips was obtained at several icing conditions
(figs, 10 and 11). Icing of the ~dishpan; -cowling lip, and 1n1et
duct had no notlceable effect on "the fan performance,'

Steam-heat ‘de-icing. - The-resulte of a brief qualitative .
investigation of the use of steam for .de-icing the cowling lip and .
inlet duct are shown in figure 15. Figure 15(a) shows the results
of de-icing with a single steam line placed outside the inlet duct
at the tip of the fan blades. The .heated area - started to throw
off ice 50 seconds after the steam was turned on and all the ice
was removed within 2 minutes with the heated area remalnlng clear
thereafter. In a delayed de-icing run with phe .same configuration,
steam was turned on after 5 minutes of icing and the ice in the
heated area was thrown off’ within 30 seconds. With the double steam
line installed (fig.:15(b)), a slightly greater area including the
lip of the emgine cowling was de-iced in the same time. From these
results, it appears that the de-icing of these areas by means of
hot gases is: entlrely fea81ble,

Alcohol deélclng. - The results.of the vse of alcohol sprays
are shown in figures 16 to 20, At an alcohol flow. of 0,5 pound
per minute and with the initial spray configurations, fairly good-
de-icing of the fan blades was obtained at an air temperature of
13° F and liquid-water content of 0.4 gram per cubic meter (fig. 16)
A fairly heavy accumulatlon of slush was retained, however, on -
geveral stator vanes that‘wore concave upward. At a h1gher air
temperature and vater content and with the same alcohol flow
(fig. 17), the fan blades were only partly de-iced and all the
stator vanes were partly Ylocked by similar deposits of slush,
When the alcohol flow was increesed to 1.2 pounds per minute at
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vnroxlmatelj the same icing and speed conditions and with the .sec-
ond spray configuration, no 1mprovement in de-1icing was apparent
(fig. 18)., Although the convex face of the fan blades was almost
completely clear of ice, heavy deposits of slush were as much as: -
three-fourths inch thick at the concave-face trailing edge. The
gstator vanes again had- large formations of wet ice and were approx-
1m1tely 50-percent blocked., At a medium icing condltion (air tem- -
perature, 14° F and liquid- water content, 0.5 gram/cu m)-and an
alcohol flow of 1.5 pounds per minute,: the fan blades were almost
fully de-iced. (See fig. 19, Y} “Medium formations of wet ice were
found on the stator vanes 1mmed1ate1v behind the spray tubes and
only a thin coating of ice was found on the rest of the stator:
blades. When the alcohol flow was increased to 2.3 pounds per min-.
ute, the fan blades were again almost completely de-iced (fig.. 20).
Large deposits accumulated, however, on all the stator vanes. As -
shown by the photographs of all the alcohol de-icing (figs, 16.to 20),
the alcohol-diluted ice thrown off the fan blades -impinged on .the :
stator vanes where it remained and refroze. For all conditions,
configurations, and flows investigated, the use of alcohol as a
de-icing agent proved ineffective because of. the, marginal -de-icing
of the fan blades and the large ice deposits obtained on. the stator
vanés, It is"estimated that no practical amount ‘of alcohol would.
satlsfactorlly preserve fan performance under all 1oing conditions.A

Eléctrical heat de- -icing. - PhotogrApbs -showing the results of

the uge of electric blade heaters are: presented in figures 21 to 25,
As only a.few of the fan blades and stator vanes were- heated, no
fan-performance data were obtalned With an air temperature of -

15° F, liquld ~-water content of 0.5 _gramper cubic’ meter, fan speed
of 954 rpm, and a power density of 5 watts per square inch, fairly
complete de-icing of the: heated fan blades resulted. . (See-fig. 21. )
The small amount of ice at the root of the 1eading edge was. caused
by ice bridging over from an unheated part of the blade, It should
be noted that the group of heated fan blades behind propeller
blade 1 were partly shlelded from icing by the ‘blade shank,: The
de-icing. of the stator vanes was only’ marglnal with rough ‘ice ‘build-
Ing up near the trallwng edge. When the power density was increased
- to 6 watts per square inch (fig. 22), some improvement in the de-icing
of ‘the stator vanes resulted but rough ice still collected at the .
trailing edge.' At a hlgher temperature and liguid~water ‘content
(fig. 23), complete de- -icing of the heated fan blades was obtained
after 5 minutes of icing, The de-icing of the stator vanes was again
marginal, The effects of eléctrical heating at two icing conditions,
each of lO,mipute_duration, are shown in figures 24 and 25, "Both
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experiments were made at power densities of 6 watts per square inch
with the fan blades almost completely de-iced. At the lower tem-
perature, the de-icing of the stator vanes was marginal and at the
higher temperature and liquid-water content, the de-icing of the
gstator vanes was completely ineffective.

The investigation of the use of blade heaters at other power
densities, heat-on and cycle times was prevented by electrical
failures and time limitations. 'The electrical heat de-icing tests
indicated that 6 watts per squere inch should be the minimum power
density for the fan blades. From observations of the ice throw-off
time, 1t is estimated that the heat-on time for the fan blades might
be slightly reduced. Continuous anti-icing would probably provide
the best means of protection for the stator vares. The accumulation
of rough ice at the trailing edge of the statcr vanes indicates the
occurrence of runback caused by the melted ice flowing toward the
rear of the vanes and then refreezing during the heat-off period.
Power requirements for the stator vanes may be even higher than
indicated by this investigation as only cne sixth of the fan blades
were heated, thus reducing the amount of ice that would be caught
by the stator vanes with full protection of the fan blades. Power
economies mignt be affected by increasing the cycle time for the
whole assembly but the icing runs indicate that a heat-off time of
more than 2 minutes would result in a serious loss in fan perform-
ance for the range of icing conditions investigated,

SUMMARY OF RESULTS

The results of an icing investigation of a conventional radial-
engine cooling-fan installation in the icing research tunnel indicate
that:

1. The icing of the unprctected installation presents a serious
operational protlem, Reduction in air flow belcow the minimum value
required for adequate engine cooling occurred within 2 minutes and
complete stoppage of the cooling-air flow through the fan assembly
occurred within § minutes wnder normal icing conditions.

2., Steam de~icing of the cowling lip and inlet duct showed the
feasibility of hot gas de-ieing for this portion of the assewbly.

3. Alcohol de-icing of the fan proved to be ineffective and,
in some cases, increased the icing problem by causing large forma-
tions on the stator vanses.,
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4, Electrical heat de-icing was the mcst promising method of
de-icing the blades. The fan bledes required a minimuu power density
of 6 watts per square irnch but for the stator vanes this power
density proved insufficient, :

ircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, February 10, 1947.
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TABLE I - CONDITIONS FOR ICING INVESTIGATION

OF AN ENGINE COOLING FAN

TunnelTunnel |Fan |Nominal Liquid-|{Icing
air- jair gpeed [cooling-air|water |[time
Figure|speed |temper-|(rpm)|flow content | (min)
(ft/ |ature (cu ft/min) |(gram/
gec) (°F) cu m)
T 210 2 872 54,000 0.3 )
8 220 16 897 22,000 ) 5
9 217 14 106C 30,000 .S 10
10 222 23 872 21,000 .9 5
11 222 23 1065 22,000 .9 7
12 213 17 872 22,000 o7 5
------ 214 13 874 21,000 .4 5
------ 220 14 205 20,000 .5 )
------ 220 16 917 23,000 ) 5
------ 220 17 892 20,000 .6 5
------ 217 25 852 23,000 1.0 S
------ 219 26 872 22,000 1.1 S

National Advisory Committee
for Aeronautics

13
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TABLE II -~ CONDITIONS #OR ALCOEOL DE-ICING INVESTIGATION

OF ANl ENGINE COOLING FAN

Tuanel|Tunnel |Fan (Nominal [Liquid-|Icing|Alcohol
air- air gpeed. |cooling- {water time |flow
Figure |speed |temper-|(rpm)lair flowicontent|(min)|(1lb/min)
(ft/ lature (cu £t/ 1(gram/
sec) (°F) min) cu m) -
16 218.5] 13 895 | 23,000 0.4 5 0.5
17 217 25 875 | 23,000 1.0 5 oS
13 219 24 e5Q | 23,000 1.0 5 1.2
19 218,51 14 | 952 | 23,000 s 5 1.5
20 218.5] 13 950 | 23,000 «S 5 2.3

TABLE III - CONDITIONS FOR EIECTRICAL-HEAT DE-ICING

INVESTIGATION OF AN ENGINE COOLIKG FAN

Tunnel} Tunnel |Fan (Liquid-{IcingjPower |Heat-|Cycle|Nominal
Fig- air- air speed,water |[time densi?y on - |time |cooling-
ure |speed |temper- |(rpm)icontenti(min)|(watt/ |time |(sec)|air flow
(ft/ ature (gran/ 8q in.)|(=ec) {cu £t/
sec) (°F) cu m) min)
21 218 15 954 0.5 5 3 30 60 23,000
22 218 16 950 .6 2 6 30 60 23,000
23 221 28 950 1.2 S 6 30 60 23,000
24 216 14 350 «D 10 6 30 60 23,000
25 221§ 22 952 1.0 10 6 30 60 23,000

National Advisory Committee
for Aeronsutics
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(a) Cooling-fan installation in icing research tunnel.
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(b) Details of installation.

Figure |. - Engine cooling-fan installation.
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Figure 2. - Location of pressure-tube rakes in cooling-fan

installation.
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Figure 3. - Location of steam lines in cooling-fan
installation.
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