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CF=l05 PROTECTION AGAINST ICE 

loO INTJQPUCTION 

Encounters with ice which end.anger the life of~raft and crews or 

penalising the aircraft performance it is most nece that 
seriously interfere with operations, occur ve ' ~oid 

equipment carried is real.1y requiredo 7J 
loOol AEROFOIL SURFACES 

Earzy in the desf8n stages o.f the CF-105, it was suspected that 
de=icing o.f the aero.foil surfaces could be dispensed witho 
Considering the time likely to be spent in icing conditions the 
maximum conceivable ice accretion did not have enough weight to 
interfere seriouszy with the ability of the aircraft to climb 
out of an icing layers nor did the drag of the accretion interfere 
with the ability to accelerate to a speed at which the kinetic 
temperature rise would melt any ice formation. There remained, 
however9 the question o.f stability and controlo Pictures were 
obtained from the N.A.C.A. of bad ice accretions on a swept 
aero.foil similar to the CF-105 wing. Tests were carried. out 
in the wind tunnel, at ottava.3 on a CF-105 wing With similar 
simulated ice accretions and the aerodynamic characteristics of 
the wing were measured. No serious effects on stability or 
control could be detected fran the tunnel test resultso In 
order to save weight and complication., de-icing of the aero.foil 
surfaces has been omitted from the CF=l05. 

l.0.2 WINDSCREEN AND CANOPY WINDOWS 

Because of requirenents for clear vision the pilot's windscreen 
and canopy windows are anti=iced. The navigator's window is 
not. An electr~thermal method is usedo The system is automatic 
and no pilot 1s controls are provided. 

l.,Oo3 ENGINE INTAKES 

Pieces o.f ice which have formed on the engine •intake ramp or lips, 
and which have become detached, will enter the engine at very 
nearzy the air velocity in the intakeo In this way the CF-105 
differs from IIX>St other . aircraft where pieces o.f ice would have a 
short distance to travel.P after becoming detached., before entering 
the engine. The high kinetic energy of such pieces of ice would 
mean that they are capable of doing considerable damage to compressor 
blades 9 if the pieces o.f ice are largeo 

The various factors influencing intake design dictated that a hot 
air anti=icing system was impractical. An electro-thermal system 
was therefore adopted. Because o.f the prohibitive power require­
ments of an anti-icing system, a cyclic de-icing system was 
adopted. It aims at shedding acceptabzy small thiclmesses of ice 
for the engine to accept them without damage. The system is 
automatic and no pilot's controls or indicators are provided0 



1oOo4 RADOME 

F:or> the aircraft to function as an efi'ective fighting vehicle, 
the performance of the fire control system must be close to 
one hundred percent in all conditionso For this reason an 
alcohol anti~icing and de~icing system is fi~tedo The system 
is automati~ and~no pi1ot 8 s controls are providedo 

1 0 1 WINDSCREEN AND C',ANOPY WINDOWS 

The canopy windows and the -windscreen are he~ted to ensure clear vision. 
This includes heating to prevent misting and ,frosting up as well as to 
prevent ice formation on the outside slll'face. • 

1o1o1 TRANSPARENCIES 

These t.ransparencies are heated by a conducting l~r on the 
inside surface of the outside sheet of glasso Power is continuously 
a:vailable i'or this purposev both on the ground aIXl. in flightv and is 
not contingent on being in icing conditionso 

Development work has been carried out on te~t CF-105 windscreens 
and it has been found possible to grade the resistivity of the 
conducting film in such a way that only a single positive bus and 
a single negative bus are required on either the windscreen or the 
canopy windowo The areas heated are shown on Figo lol 

lo lo 2 POWER INPUT 

Raw 115v o 3 phase power is taken from the main aircraft bus and 
converted to single phase. Tappings on the transformer give 
the correct output voltage for the transparencies i'ittedo 

lolo3 TEMPERATURE CONTROL 

The power input to the transparencies is regulated by a temperature 
controller which works on resistance type sensing elements embedded 
in the glasso The controller is set to regylate the power input 
in such a way as to give temperatures of no°F at the sensing 
el eioontso 

lo2 ENGINE INTAKES 

The engine intake lips and ramps are protected by a cyclic de-icing 
system9 the object of which is to ensure that the pieces of ice entering 
the engine intakes are acceptably small to be swal.lowed without the 
engines being damaged. 

lo2ol DESIGN PHILOSOPHY 

Design of the engine intake de=ic:tng. system was based on the 
premise that the simultaneous existence of two emergency 
conditions was sufficiently unlikely that the occurrence could 
be dismissed from consideration. The energencies taken into 
account were (1) the existence of icing conditions, and (2) the 
failure of an alternataro By postulating that these two events 



1 0 20 1 DESIGN PHILOSOPHY (Continued) 

'Will never occur simultaneouslyll we can take power for de=icing 
the port intake from the port alternator and power from the 
starboard alternator t.o <le=iee the starboard intakeo In 
this way there is no need to duplicate power supplies for intake 
de~icing and thus we save weighto 

lo2o2 POWER AVAILABLE 

Preliminary studies of the anticipated rate of ice accretion were 
made9 aa were assumptions on the size of the pieces of ice which 
could be consumed by the engine without damageo From this data 
the power requirem9nts of the systetn were calculatedo 

This work gave an order of magnitude of the power requirementso 
The data on which the calculations were made was 9 however [i of 
questionable validity9 and flight in the CF=lO5 would appear to 
be the onzy way in which sound data could be acquiredo Hovever9 
the order of magnitude obtained was obviously not too wide of the 
marko 

From this work9 power of 10 kvA. total per intake was ma.de 
available to the systemo All subsequent design work was 
based on this quantity o 

lo2o3 REGIONS DE=ICED 

Af'ter discussions with the N.A.C.A. it was decided to de=ice tb:l 
complete surface of the intake ramp back to the nhump" and the 
inside surface of the lips for a distance of approximately 12 inches 
around the surface from the stagnation point. Figo lo2ol shows 
the extent of the protectors . 

lo2o4 PRINCIPLES OF OPERATION 

1020 401 SYSTEM FOR ONE ENGINE INTAKE 

Initially 9 let us consider one engine intake only o An 
ice detector is located in the engine intake duct. This 
unit acts as a rate of icing meter by generating an electrical 
pulse each time approximately 0020 inches of ice builds up 
on the detecting probe. On receipt of the first pulse 
fr_om the detector9 the icing controller switches on the 
parting and divid:i:ng stripso These strips separate shedding 
areas 9 of which there are ten9 and ensure clean retnoval of 
ice when heat is applied to an areao Before commencing 
to shed ice it is well to wait until a reasonable thiclmess 
of ice has been built up so that aerodynamic forces will 
remove it cleanly. The icing controller9 therefore9 
waits until it has received a predetermined number of 
pulses from the detector prior to commencing a shedding 
cycleo 



1 0 20 401 SYSTE?-1 FOR ONE ENGINE INTAKE (Continued) 

Having received the requisite number of pulses9 the 
controller then regulates the powe!" distributor to 
apply power to each of the ten shedding areas in turn. 
Figo lo2o4 shows the looation of the shedding areas. 

In continuous icing conditions 9 the ice detector will 
have been generating pulses throughout the shedding cycle. 
If sufficient pulses have been received at the icing 
controller9 a second shedding cycle will commence 
immediately after .::ompletion of the first cycle9 and 
this process will contirme while pulses arrive at the 
icing controller with sufficient rapidityo 

If9 at the completion of a shedding cycle9 inauffici~nt 
pulses have been receiikd fo!" a second cycle to cOllllll.ence)) 
the icing controller will vait for the right number.of 
pulses to arTive before initiating a further shedding 
cycle. 

Should the total number of pulses required to initiate a 
cycle not al'Tive 9 the controller will initiate a .filrther 
shedding cycle on completion of the 110Ver~Hang~Time11 

after the arrival of the last pulse. Provided no 
further signal arrives from the ice detector during the 
shedding cycle9 the system will then shut down. 

1.2 0 402 SYSTEM FOR BOTH ENGINE INTAKES 

There is one power distributor li.Ild one ice detector per­
engine. However9 one icing controller serves both 
i..'ltakes. Fig. l o2o 2 is a block diagram. illustrating 
the system. 

When only o:n.e engine i s runni.ng the icing controller will 
serve only that side of the aircraft. 

When both engines are !"UDiling9 the ice detector on the 
port side becomes the master detector and the icing 
controller m c:eives sign.a.ls from that detector oozy. 
The controller will9 however 9 regulate both power 
distributors to ai.mult,aneously control both de=icing 
systemso 

lo2o4o3 THE ICE DETECTffiS(Fig. lo2o3) 

The ice detector consists of two probes and a pressure 
switch. Both probes have small holes drilled in their 
lead:ing and trailing surfaceso These probes are piped 
to opposite sides of the pressure switch. One probe 
is continuously heated9 whi.le the other is normally unheated 0 



1 0 20 40 3 THE ICE DETECTORS (Figo lo2o3) (Continued) 

When ice forms on the unheated probe9 pressure falls 
inside the probe and the pressure switch makes contact 
A pulse is delivered to the icing controller and at the 
same ·time power is applied to the iced up probeo As 
soon as the probe de=ices 9 pressure rises in that probe 
thus breaking the pre::,sure switch contact and removing 
de=icing power from tpe probe which is once again ready 
to detect the .Jrresence of icing conditionso 

lo2o4ob THE CONTROLIER 

The controller is the heart of the intake de=icing system., 
On receipt of the first icing signa,J. it energises re].;ay{s) 
which awzy power to the parting and .dividing stripso It 
then commences counting icing pulses iuntil a s'1,fficient 
number arrive to canmence a shedding l cycleo Because the 
e.fficiency of catch of the intake lips and ramp is unknown)) 

the required number of pulses to give optimum shedding is 
also unknowno The controller has 9 therefore9 been made 
capable of adjustment for the number of pulses required 
to initiate sheddingo 

Once having initiated shedding the controller generates 
pulses at predetermined intervals to cause the power 
distributors to transfer the load from one shedding area 
to anothero Because of the unknowns involved in the system, 
the unit is capable of adjustment of the interval between 
pulseso 

The unit al.so contains a time <iel..iy which9 when no icing 
pulses are received during the time setting of the delay9 
causes a final shedding cycle to be carried out prior to 
system shut downo This time delay is capable of adjust= 
mento 

lo2o4o5 THE POWER DISTRIBUTOR 

Tide unit is a stepping contactor carrying • the shedding 
power from the bus bars to the ice protectorso On 
receipt of signals from the controller9 this unit will 
switch power from shedding area to shedding areao 

lo2o4o6 THE ICE PROTECTORS 

Each intake ramp and lip will be covered by six ice 
protectorso These protector~ or boots,are of neoprene 
rublierr C0+1Btrn.ction of oo6511 thicknesso One protector 
C"17'ers the tip while one 6ther protector covers the remainder 
of the rampo The other four protectors cover the intake 
lipso 



1.,20 40 6 THE ICE PROTECTCRS (Contiinled) 

The intake ramp is split into s:tx·slledding regions of 
equal area. The ramp tip and the boundary layer 
suction slot are contimously heateda as are dividing 
strips between shedding areas1, The shedding areas are 
vertical strips and it is intended to commence shedding 
at the forward end of the ramp and to systematically 
work towards the rear. ' 

The protectors for the lips extend around the :uu,ide 
and the outside of the intake .!Dr a distanoe of about 
18 inches. A parting strip of ½" wid~ runs around the 
stagnation regiOD anq. is continuously heated. The portion 
of the protector. outside the intake duct is unheated. 
The heated region inside the duct extends for about 12 inches 
around the surface from the parting strip. The lips are 
divided into four shedding areas lfhich are separated by 
dividing strips. Parting and di-v'iding strips are heated 
at 20 watts/sq.inch and shedding areab at 12 watts/sq.inch. 

1.2.4.7 OVERHEAT PROTECTION 

An overheat switch is located in each shedding area. Any 
tendency fGZ' a shed~ area to overheat will result in 
power being switched off. A similar overheat switch will 
be located at the critical part of the dividing strips 0 

Fig. 1.2.5 shows a section through a protector and an 
overheat swi tcho 

1.2.408 DESCRIPTION OF THE INSTALLATION 

Fig. 1.2.l shows an engine intake. 

lo2o4o8ol EQUIPMENT 

With the exception of cabling9 overheat switches 
and the protectors them.selves 9 all components of 
ai intake de=icing system are loc..ted together9 
just behind the protectors on the upP,er surface 
of aircraft9 and just inboard of the intake 
ductQ 

This equipment is ~ccessible through a large 
screwed panel. C.ibles from the protectors 
arrive at this area via conduits .nd connect 
to terminal. strips. On the port side of the 
aircraft the CC!lltroller9 distributor9 detector9 
overload protection and rel-.rs are all located 
together. A similar installation exists on 
the starboard side of the aircraft9 except that 
the controller is missing. 



lo3 ~ 

1 0 20 4 0 8 DESCRIPTION OF THE INSTALLA.TION (Continued) 

lo2o4o8o2 PROTECTORS 

The protector5 are of neoprene rubber and are 
supplied by the Goodrich Rubber Companyo The 
intake structure is recessed to the thickness 
of the protectors which are attached by an 
adhesiveo Except at the tip of the ramp and 
at the boundary layer bleed9 the surface finish 
of the protectors will be the normal rubber 
finish. High erosion is9 however, expected 
at the ramp tip9 and in this region the boot 
is covered by a 000511 layer of steel foilo A 
similar layer of. steel foil covers the boundary 
layer bleed W'bere it is used to conduct heat 
5lllall di3tances across the surface to portions 
where heating element.is cannot be located due 
to the hole configurationo 

Six boots caver the protected areao When fitting 
boots to i,n intake 8 trimming the boots to obtain 
a good fit is permissible. Trim lines are 
clearly markedo Gaps between boots ma.y be 
filled with a filling compound and "buffed up" 
to give a smooth finish. 

lo2o4o8o3 OVERHEAT SWITCHES 

Overheat protection is provided by small bi=metallic 
switches located on the aft side of the bootso 
These switches operate to energise a power cut=of'f 
relay when any one of them overheats. These 
!!Witches are attabhed to the boot by a rubber cup 
and leads from the switch. are carried within the 
thickneas of' the boot to the region in which the 
equipment is mountedo 

SW:i.tches can be replaced without replacing the 
boot by peeling the boot back and removing the 
covering cup. 

In the early design stages of' the CF=lO$9 consideration wa:i given to hot air 
and pneumatic type anti~icing and de-icing systems for the ra.dome. We 
discovered that ra.domes of' 2!iimilar shape to the CF=lO5 were proving extremely 
difficult to make 9 with acceptable electrical properties» even when solid 
laminates were usedo Hence we discarded the idea of hot air and pneumatic 
sr-,tems as imposing impossible problems f'or the radome manufacturers o An 
alcohol system waa 9 theref'ore9 adoptedo 

In this sy:stem9 alcohol is spr~ed from a distributor at the base of the 
nose boom. By suitable arrangement of' the discharge nozzles9 this alcohol mixes 



L.3 ~ ( Continued) 

with the intercepted water and ice on the radome to depress its freezing 
point such that it .flows rearwards to a point where it no longer interferes 
with the radar o 

lo3ol PRINCIPLES OF OPERATION 

Figo lo3ol is a diagram of the Radame De=Icing Syz;temo The 
alcohol is contained in a tank of' approximatezy 2o75 gallons 
capacity. Air at 10~12 psio on the surface of the liquid 
tende to drive it towards the distributor in the nose boom. 
In conditions '$ere ice is not forming 9 its path is blocked 
by a three-way valveo This valve is operated by a time delay relay 
which gets its information from an ice detector. 

When ice is detected.I> the time delay relay energises the three­
way valve to allOW' alcohol to now to the distributor for 
approximately one second. During this period9 approximately 
0 04 gallons are dispensedo At the same time9 it operates a shut­
off valve allowing pressure air to .flow to the three...vay valve 
where it is tempor&rily bloclcedo After one second, the time 
delay rela;y dee.energises the three=Way valve so that the .ucohol 
flow is shut off.9 but the pressure air can now now to the 
distributor o For a period of nine seconds this air purges the 
supply line of alcohol so that at the end of the period no radar 
interference remain3. Provided no further icing signals are 
received from the detector9 the shut.=,off valve is dee.energised 
and de~icing is completeo The time delay relay has9 however.9 
the capacity to store an icing signalo Should a signal &rrive during 
the cycle it will be stored &nd9 at the end of one cycle.9 another 
will begin until such tiroo as no further !Signals arrive 9 when the 
system will shut downo 

The air supply comes from the Low Pressure Pneumatics System at 
pressures of fran 18 to 85 psio A pressure reducing v.uve in the 
line cuts thie pressure to 10=12 psio before delivering it to the 
tank. A relief valve is fitted to blow off at ~ psio in the 
event of auch a reducing valve failure. A non=retum valve in the 
supply line will prevent a back .flow of alcohol into the low 
pressure pneumatics system.. 

1 0 302 INSTALLATION 

l.3o2ol ALCOHOL TANK 

The tank is situated on the upper side of the nose 
structure9 just forward of' the windscreen. It is 
filled from the top after remov.u of the filler cap 0 

A gauze filter in the filler neck will remove foreign matter 
and act aa a level gauge. When full 9 the liquid level 
will be just above the bottom of the filter. Tre liquid 
used is denatured eteyl alcoholo 



10302 INSTALLATION (Continued) 

lo3o2o2 ICE DETECTOR 

The Ice Detector is situa.ted on the 1mderside of the nose 
structure just fon,"&rd of the nose wheel wello It is 
removed by undoing four screws on the outside of the air­
craft and withdrawing ito This item will be supplied 
by PoSoCo Applied Researcho 

lo3o2o3 TIME DELAY RELAY 

The Time Dela.Y ~ is situated on the upper side of the 
nose structure and is accessible through the large hinged 
panel on the starboard side of the aircra.fto The 1llli t 
will be supplied by H&ydeno 

The Pressure Reducing Val.veD Non Return Valve9 Pressure 
Relief Valve 9 Shut-Off Valve and Three-W.a;y- Valve are a.11 
located adjacent to the Time Delay Rel.a;y-o • 

The Pressure Reducing Valve will be supplied by Surface 
Combustion9 and is pre8ently a standard itemo 

The lfon=Return Valve :i.s a standard AoNo parto 

The PresSlll'e Relief Valve will be supplied by Aero 
SllJJP4ro 

The S}mt...()ff Val~ is a standard item and will be supplied 
by the Eckel Valve CaDpar\r o 

The Three=Way Valve is to Avrocan Specification Noo E22l, 
and will be supplied by Aero Eckelo 

lo3o2o5 DISTRIBUTOR 

Piping from the three-way valye to the distributor will 
be fabricated from plastic Temflex 10.5 tubiilg 0 The 
distributor consists of a hollow ring aro~nd the base 
of the nose boom to which the plastic pipe is attached 0 

16 holes of 002011 diameter9 drilled to point rearvarcus 
at an angle of 45° form the distributing nozzleso 
Figo lo3o2 is a section through the distributor 0 
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