
' t 

MINISTRY OF 'SUPPLY 

J ' A  

R. & M. No. 2806 
(lO,696) 

A.R.C. Technical Report 

AERONAUTICAL RESEARCH COUNCIL 

REPORTS AND MEMORANDA 

%, 

" a a j  

~?"%:." ' ' :2. 

Crown C@yright Reserved 

LONDON" HER MAJESTY'S STATIONERY OFFICE 

1954 

P R I C E  3S 6d NE T  

~ ! , T  '& 

Kinetic Temperature of Propeller 
Blades in Conditions of Icing 

By 

J. K. HAgDY 
a r i d  

C. D. B~owN 



Kinetic Temperature of Propeller 
Icing 

Blades 
Conditions of 

By 

J .  K .  HARDY 

and 
C. D. Bl~ow~ 

COMMUNICATED BY THE PRINCIPAL DIRECTOR OF SCIENTIFIC RESEARCH (AIR), 
MINISTRY OF SUPPLY 

in 

Reports Memoranda No. 2 8o6" 

May, 194-7 

Summary. Tile kinetic temperature of a section of a propeller blade has been calculated for a blade with high 
thermal conductivity, and also for a blade which is non-conducting. -Calculations have been made for clear air, 
and for conditions of icing to find the extent  to which kinetic heating is effective against ice. On a non-conducting 
blade the temperature is lowest at the position, on the cambered face, where the velocity of the air is greatest. 
At this position there is practically no protection from kinetic heating. In .the case of a blade which is a good 
conductor, the average temperature is calculated by balancing the flow of heat b~ convection to and from the 
blade. Tile average temperature is substantially above the minimum temperature on a non-conducting blade. 
The average temperature has been calculated for a range both of conditions of icing and of operation. 

I~¢troduction.--Turbine enginesl and engine cooling fans and propellers also, are protected 
against ice, to some extent, by  the action of kinetic heating. I t  is important to know the extent 
of this protection, and how it may vary with design and with conditions of operation. Tile 
particular object of this Note is to show, in tile case of solid metal blades, the extent to which 
the kinetic temperature of the blade is modified by the conduction of heat through the blade, 
and tile advantage to be gained by using a material which is a good conductor of heat. 

If there is no conduction of heat through the material of the biade, the kinetic temperature 
at any position on the surface may be calculated from the equations given in Ref. 1. In 
conditions of icing, tile surface of the blade is assumed to be completely wetted with water, 
and the temperature of the blade at each position is such that  there is equilibrium between the 
heat received by convection from the air and that  lost by  evaporation. The rate of evaporation 
varies with pressure and with temperature,  so the increase in temperature from kinetic heating 
is not dependent only on velocity, as it is in clear air. The kinetic temperature is a maximum 
at stagnation, and a minimum at the position where the local velocity of tile air is greatest. 

If tile blade is of material of high thermal conductivity, there will be a flow of heat through 
tile blade from the parts, where the kinetic temperature is high to tile parts where it is low. In 
clear air, the flow of heat is maintained by the transfer of heat by  convection from the air to 
the surface where tile kinetic temperature is high, and from the surface to the air where the 
kinetic temperature is low. In wet air, as in conditions of icing, this process is complicated by  
the dissipation of heat by evaporation from the surface. In e i ther  case the coefficients of 
transfer of heat round the surface must be known before the average kinetic temperature of the 
blade can be calculated. 

* R.A.E. Report. Mech. Eng. 2, received 16th July, 1947. 
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The thermal resistance of the material of the blade, in the case of a solid blade of light alloy, 
is so much less than the resistance to the transfer of heat from blade to air that  an elementary 
section of the blade will be practically at a uniform temperature. This temperature will be 
called the average kinetic temperature. The thermal resistance of the blade has not been taken 
into account in the calculations which form the subject of this Note. 

Calculations have been made of the average kinetic temperature of a section of a blade to 
show the effect of speed, height, and temperature, and to find if the average temperature is 
related in any simple way with the stagnation temperature. These calculations have been 
made for a typical  propeller section, NACA 2409. This was chosen because the data required 
are available, and because the temperatures as calculated can be compared with those deduced 
from observations of the formation of ice on propellers. 

Analysis.--Average Kinetic Temperature in Clear Air.--In the absence of conduction of heat 
through the blade the kinetic temperature at any point on the surface, when the flow is laminar, 
1 S  

< 1 t s = to + 2 g j ~ c ~  1 - (1 - -  ~ , . ~ )  (1) 
-J/r0~ • . . . . .  

The equation for turbulent flow is similar but with the index of Pr, Prandtl 's  number, changed 
to [. These equations give the kinetic temperature in clear air. 

If the conductance of heat through the material of the blade is such that  the whole of an 
elementary section is at a uniform temperature, t'~, the rate of convection of heat at any position 
round the section is 

H = k h p ' 0 V 0 C , ( C  - -  ~'b) ds . . . . . . .  (2) 

The values of ka and t's in this equation are those appropriate to each particular position. 

I t  will be assumed that  the element does not gain or lose heat by conduction along the blade 
in a radial direction. The heat gained by convection, then, to those parts of the surface where 
t', > t'~ must exactly balance the heat lost where t', < t'b, so that  

~ k,,p'o VoCp(t', - t',~) ds = 0 . . . . . . . . . . .  (a )  

The process of integration is carried completely round the section in a chordwise direction. 
This gives the value of t'~, the average kinetic temperature of the section. 

Average Kinetic Temperature in Wet Air.--When droplets of water are carried by the air 
stream, as is the case when an aircraft passes through cloud, evaporation will occur from the 
surface of the blade because the vapour pressure at the surface, owing to kinetic heating, is 
greater than tha t  in the surrounding air. From the evidence available, the surface, at least 
over the forward part, is completely wetted. In what follows, it will be assumed tha t  the 
blade is completely wetted. The method of dealing with a surface which is part ly wetted is 
discussed in Ref. 1. 

I t  will be assumed, also, that  there is no change of phase from liquid to vapour, or the reverse, 
in the air outside the boundary layer as it flows round the section. This also, is discussed in 
Ref. 1. The implication is that ,  temporarily, the air may be in a state of super- or sub-saturation. 

On this assumption, the vapour pressure locally is given by the equation 

P1 
e,  = e0 ~ o  . . . . . . . . . .  (4) 
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in which e0 is the vapour pressure and P0 the barometric pressure in the undisturbed stream. 
The value of P1, the barometric pressure locally is given by the equation 

-7 
Vo - 2 g R r o  11 (5) 

At any position round the section, the rate of dissipation of heat by evaporation is given by 
the equation 

" \ P 1  / 

If there is no transfer of heat by conduction through the blade, there must, at each point, be 
a gain of heat by convection which is equal to the loss by evaporation, so that  

hlm'VoC/t', - t"s) = k , o ' V o ( e " s ~  el) × 0.622Ls. 

In the case of water vapour, the diffusivity of heat is equal to that  of vapour so that  kl, equals. 
k~, and the equation reduces to 

L s ( e " s - - e l )  . . . . . . . . .  (7) t"~ = t'~ --  0.622 ~ p1 

This equation can be used to determine the distribution of temperature, in wet air, round a 
blade which is a non-conductor of heat. 

If the material is a good conductor so that  the whole of an elementary section is at a uniform 
temperature t"b, the loss of heat from the whole section by evaporation must be balanced exactly 
by  the heat gained by convection, so that  

l, × O. 22L, e =O. (s) 

The value of t', is given by equation (1), tha t  of el by equation (4), and e"b is the vapour pressure 
for saturation at the temperature t"~. The  average kinetic temperature of a section of a blade, 
in wet air, may be calculated from this equation. 

In cloud, the value of e0, of equation (4), is tha t  for saturation at to, the static temperature of 
the undisturbed air. In an engine, the air may be preheated before it enters the compressor, 
and the value of e0 at entry to the compressor will differ from that  in the cloud, because water 
will evaporate both from the wet surfaces of the duct leading to the compressor and from the 
droplets of water which are in suspension in the air. The method of calculating the rate of 
evaporation from the droplets is given in R. & M. 28052. I t  will be found that  the amount of 
water which evaporates from the droplets, whilst in the heated zone is surprisingly small owing 
to the briefness of exposure consequent upon the high velocity of the air. The method of 
calculating the rate of evaporation from heated surfaces is given in Chapter 4 of Ref. 3. 

Calculations.--A number of calculations have been made in order to show the effect of changes 
in the conditions of operation on the extent to which the blade is protected against ice by kinetic 
heating. These, for most part, are for a blade with thermal conductivity such that  a section 
may be assumed to he at a uniform temperature. A few calculations have been made for a blade 
of non-conductirig material in order to show the variation of temperature round a section, and 
to show the extent to which thermal conduction affects protection against ice. 



The aim, in each case, has been to find the limit of protection against ice by kinetic heating. 
This is defined as the temperature of the air at which the temperature of the blade is exactly 
0 deg C, and will be called the limiting air temperature for protection. I t  is found by calculating 
the temperature of the blade for a range of air temperatures and interpolating. 

The calculations are all for blades of section NACA 2409. The data required, namely the 
values of V1/l~o and kh, have been taken from R. & M. 19864. Transition from laminar to 
turbulent flow have been taken as occurring at 10 per cent chord on both surfaces. This is an 
arbitrary choice, as it is uncertain to what extent transition may be affected by droplets of water 
on the surface of the blade. 

The calculations have been made for a range of velocity, this being the resultant velocity of 
the blade. The maximum velocity for which calculations have been made is that  at which 
velocity, locally, on the cambered face, reaches the velocity of sound. There is not the data, 
at present, to carry the calculations to higher speeds. 

Integrations have been made graphically from values taken at 14 positions round the section. 
These positions, as fractions of the chord measured round the surface, are 

0, 0.05, 0.1, 0-2, 0.3, 0.5, 0.7, 1.0, 

on both cambered and pressure faces. 

Range of Calculations a~cd Results.--Non-conducti~g Blade.--The kinetic temperature in wet 
air has been calculated from equation (7), for each position round the section, it being assumed 
tha t  there is no conduction of heat within the blade. This is for a blade velocity of 640 ft/sec, 
an air temperature of -- 15 deg C, an altitude of 20,000 ft, and CL = 0.8. The results are shown 
in Fig. 1, which gives the increase in temperature of the surface of the blade above that  of tile 
ambient air. The distribution of velocity round the section is shown in Fig. 2. 

The position at which the protection from kinetic heating is a minimum, is the position in 
which the local velocity is a maximum. The effect of variation in local velocity, the blade 
velocity being 640 ft/sec, is shown in Fig. 3. This shows the results of calculating the limiting 
air temperature for protection, namely the air temperature at which the surface temperature 
is 0 deg C. 

Conducting Blade.--The average kinetic temperature of an element of a blade, has been 
calculated both for clear air and for wet air, on the assumption that  the blade is a perfect conductor 
of heat. 

In clear air the average kinetic temperature is  given by equation 3. This has been evaluated 
for a blade velocity of 640 ft/sec, an air temperature of 0 deg C, and CL = 0.8. The average 
kinetic temperature is found to be 16.1 deg C ; the increase in temperature is 0.84 of that  at 
stagnation. 

In wet air, equation (8) which gives the average kinetic temperature of an element of a blade, 
has been evaluated for a range of conditions. The effect of variation both in blade velocity and 
altitude is shown in Fig. 4, the average kinetic temperature having been calculated for air 
temperature of 0 deg C. 

The process by which the limiting air temperature is determined is illustrated in Fig. 5, which  
shows increase in temperature from kinetic heating in wet air, against air temperature. Figures 
similar to this have been drawn which give the limiting air temperature for a range of blade 
velocity. The values so determined are shown in Figs. 6 and 7. The effect of altitude is shown 
in Fig. 6, and the effect of change in CL in Fig. 7. 
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Temperatures Observed on Pr@eller Blades.--The temperature of the blades of propellers has 
been measured indirectly by observing the maximum radius to which ice forms on exposure 
to conditions of icing. The temperature of the blade at the edge of the ice is assumed to be 
0 deg C, so the temperature of the ambient air for each observation is the limiting temperature 
for protection as defined in this Note. 

The temperatures observed are shown in Fig. 8, for comparison with the temperatures calculated 
for NACA 2409 at CL = 0.8. Calculated values for both average kinetic temperature and 
stagnation temperature in wet air are shown. The observed temperatures, which were made 
both on the ground and in flight, have been reduced to a common level, namely 8000 ft, by  
using the calculated values for the change of kinetic temperature with altitude. 

The temperatures in Fig. 8 were observed on the ground s, on the propeller of a Lockheed 12-A 
with solid metal blades, and in flight, on a propeller with solid metal blades which were covered 
with rubber. 

Discussion.--The thermal conductivity of the material of the blade has a decided effect on the 
extent to which the blade is protected against ice by  kinetic heating. This is shown by comparing 
Figs. 3 and 5. For the particular conditions, the limiting temperature for a blade of high 
conductivity is - -8 .5  deg C, while for the blade of non-conducting material it is + 1.8 deg C. 
For the non-conducting blade there is, actually, a refrigerating effect, the temperature of the 
surface in the zone of maximum velocity being below that  of the ambient air. The mechanism 
by which this effect is produced is the same as that  which causes throttle-ice in the induction 
system of an engine. The  area of blade affected is very narrow, and thermal conductance, even 
though the material of the blade is a poor conductor, will cause the actual temperature at the 
surface to be somewhat higher than tha t  calculated. Even so, the advantage of the conducting 
blade is substantial. 

The limiting temperature for protection, in the Case of a non-conducting blade, is determined 
by the maximum value of V1/Vo, and will depend both on the coefficient of lift and the shape 
of blade. In the case of a conducting blade, the effect of change in  CL is small, as is shown 
by Fig. 7, and it is probable that  shape is not important.  

In  wet air, the amount by  which the average temperature of the conducting blade is increased, 
above the temperature of the ambient air, is not a fixed fraction of the increase at the stagnation 
point. This is because the rate of evaporation from the surface of the blade changes with change 
in the field of pressure round the section. The relation of average to stagnation temperature 
is shown i n t h e  Table below. 

TABLE 
Comparison be.tween average blade temperature and stagnation temperature in wet air 

Height 
ft 

20,000 

C L = 0 - 8  

8,000 

CL=0" 24  

Air Temp. 
deg C. 

--5 

--10 

--10 

Blade Vel. Jtav 
ft~ec dtst. 

498 0.58 

640 0.52 

498 0.63 

640 0.60 

498 0.66 

640 0-64 

904 0.63 

904 0.71 



In clear air, the increase of average temperature by calculation is 0-86 of that at stagnation 
for CL ---- 0.24, and 0.84 for CL = 0.8. This is independent of speed and altitude and varies 
only with shape of section and incidence. The temperature of the blades of a turbine has been 
measured, Ref. 6 and the increase was 0.85 of that  at stagnation. 

In comparing the measured temperatures with those calculated, in Fig. 8, some allowance 
must be made for the conduction of heat along the blades, and for the conditions of the test. 
Kinetic temperature increases with radius so that  there will be a flow of heat from the outer 
to the inner parts of a blade. This is not taken into account in the calculations, so that  tile 
limiting temperatures, as calculated, will be higher than observed for the inner parts and lower 
for the outer parts. The radius at which reversal occurs, is calculated to be at two-thirds the 
radius of the tip of the blade. The method of calculation is given in an Appendix. In Rodert 's 
experiments, the radius of the ice was in all cases greater than the two-thirds radius, so that  the 
measured values of limiting temperature should be somewhat above those calculated. The 
opposite effect may have been produced by the conditions in which the experiments were made. 
Conditions of icing were created by spraying water, and, because of the coarseness of the drops, 
the blades may not have been wetted ascompletely as they would be in natural conditions. 

The observations in flight were made in natural conditions of icing, but the blades of the 
propeller were rubber covered. Because of the thermal resistance of the covering, the temper- 
atures observed are not strictly comparable with those calculated on the assumption that  
resistance is negligible. 

Though they may have some bias, the measured temperatures are in satisfactory agreement 
with those calculated. The measurements are not sufficient, either in number 'or quality, to 
allow a critical comparison. Further measurements would be useful, particularly at the high 
velocities which are used in axial-flow compressors. 

Coceclusio~.--Conclusions are as follows: 

1. Protection from kinetic heating is more effective if the material of the blades is of high 
thermal conductivity. 

2. Calculated values for the average kinetic temperature of a fully wetted blade are in satis- 
factory agreement with temperatures observed on propellers in conditions of icing. 

3. Protection against ice by kinetic heating decreases as altitude increases, to a considerable 
extent. 
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LIST OF SYMBOLS 

Cp Specific heat of air at constant pressure, CHU/lb/deg C 
e Vapour pressure, mm mercury 
g Gravitational constant, ft2/sec 

H1 Rate of transfer of heat by convection, CHU/sec/ft ~ 
Ha Rate of transfer of heat by evaporation~ CHU/sec/ft 2 

J Mechanical equivalent of heat, 1440 ft lb/CHU 
kh Coefficient of transfer of heat by convection, no dimensions 
k~ Coefficient of evaporation of water, no dimensions 
L, Latent heat of evaporation of water, CHU/lb 
M Mach number 

n Rotational speed of propeller, revs/sec 
P Barometric pressure, mm of mercury 

P r  Prandtl 's  number 
R Gas constant 
r~ Radius of tip, It 
r,, Radius at neutral point, ft 
T Absolute temperature, deg K 
t' Temperature in clear air, deg C 

t "  Temperature in cloud with blade wet, deg C 
V0 Resultant velocity of blade, ft/sec 
V~ Forward velocity of aircraft, ft/sec 

), Ratio of specific heats of air 
p' Weight density of air, lb/cu ft 

Subscripts 
o Conditions in undisturbed stream 
1 Conditions locally at edge of boundary layer 
s Conditions at surface of non-conducting blade 

NO. 

1 J . K .  H a r d y  

2 J . K .  H a r d y  . .  

3 J . K .  H a r d y  . .  

4 H . B .  Squire . .  

5 L . A .  Roder t  

6 J.  Reeman  . .  
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A P P E N D I X  

The  T r a n s f e r  o f  H e a t  R a d i a l l y  along a B l a d e . - - T h e r e  will be a transfer of heat along a blade 
from the outer parts, where the kinetic heating is greatest, to the inner parts. The heat is 
received from the air by convection because the temperature of the outer parts of the blade is 
below the kinetic temperature and is dissipated by the reverse process. The position along the 
blade where the direction of convective transfer is reversed will be termed the neutral point. 
An element of the blade at the neutral point loses as much heat to the inner parts as it receives 
from the outer. Its temperature, therefore, is unaffected by conduction, and is the kinetic 
temperature appropriate. The .object of the analysis which follows is to calculate the position 
of the neutral point. The blade will be taken as having a constant width from the axis of 
rotation outward, and as having infinite thermal conductance. 

The rate of transfer of heat by  convection to a section of width dr can be expressed as 

H ---- const. Vo°'7(t',av - -  t'~) dr . . . . . . . . . . . . .  

the perimeter of the section being taken as of unit length. 

(1) 

The value of t'~.~v is the average for the section as a whole. In clear air this is given by the 
equation 

N Yo 2 
t',~, = to + 2gJC-----~ . . . . . . . . . . . .  (2) 

x being the ratio of the average kinetic temperature to stagnation temperature;  x'  will be 
written for x / 2 g J C p .  

In a condition of equilibrium there is no gain or loss of heat from the blade as a whole, so tha t  
from (1) 

Y°°7(t° - + x ' V o  2) d r  = 0 . . . . . . . . . . .  (a) 

At the neutral point, radius r,,, blade temperature and kinetic temperature  are equal, so tha t  

t'~ : to + x ' ( V ~  2 + 4~YnYr,, 2) . . . . . . . .  (4) 

with V, the forward speed of the aircraft. I t  will be assumed that  the speed of rotation at the 
tip, radius r,, is twice the speed of the aircraft, so tha t  

V a  ~ ~Tt~ t 

and Vo = V(~2n2r, + 4:~2n2r 2) . 

Equation (3) thus reduces to 

4x'(~n) 2~ f~ (r3 + 4 r ° ' ) ° ' 3 5 ( r 2 - - r . 2 ) d r = O .  (s) 

Graphical integration gives the radius of the neutral point as 

r~, = O" 6 2 r t  . . . . . . . . . . . . .  (6)  

8 



FEMPERATU RE 
INCREASE 

o C 

I 
I 
I 
I 

LAMINAR I I TURBUI_ENT 
I 
I 
I 

I 
f 
I 

I 
J 

J 

PRESS' JRE FACE 

CAMBERED FACE ....- 

Z0 " 60  
D I S T A N C E  A L O N G  $ U R F A C E  F R O M  S T A G N A T I O N  P O I N T ~  P E R C E N T  C H O R D  • 

FIG. 1. Non-conducting blade. Increase in temperature from kinetic heating in wet air. 
CL = 0"8, velocity 640 ft/sec, air temperature --15 deg C, altitude 20,000 ft. 

t002 

~VELOC ITS( I 

y 01 

+I 

PRESSURE FACE CAMBEREb FACE 

+100 0 
DISTANCE ALONG SURFACE FROM BTAGNATION 

POINT~ PERCENT CHORD 

+tO0 

FIG. 2. Local velocity round section NACA 2409 at 
CL = 0.8. 

9 

¢ 
LIMITING 

AIR 
TEMPERATURE 

°C 
O 

- 4  

- B  

LOCAL VELOCITY 

LAMmA~ 

FIG. 3. Non-conducting blade. Variation of limiting 
air temperature for protection with velocity locally 

round section. 
Blade velocity 640 ft/sec, altitude 8,000 ft. 



Fro. 4. 

A V E IR.AC.] E KINETIC 
TEMPERATURE 

~C 
;5 

/ 
CLEAR N~R ~ / 

XN .E.T A~R ~ 

0 200 4-00 
BLADE VELOCITY (RESULTANT) 

FT / 5EC 

Conducting blade. 

600 

Variation of average kinetic temperature with velocity and altitude~ 
CL = 0-8, air temperature 0 deg C. 

ALP-, TEMPERATURE 
o C 

-IQ 

-20 
1NCREhSE G: TEMPERATURE (t  ~ -  o} °c 

FIG. 5. Conducting blade. Increase in temperature from kinetic heating in wet air.. 
CL = 0.8, velocity 640 ft/sec. Increase of temperature, clear air 16" 1 deg C. 

10 



)0 4.00 600 800 
L I M | T I N e a  0 ~ t  

/MR 
TEN PER/kTURE °C 

-5  

- I 0  

-15 

FIG. 6. 

I ~LA~E VELOC1TY (RESULTed'r) 
F'T/~EC 

~ 0,000 FT 

"~ZO~O00 FT 

~ 8~000 F T  

E/A/ LEx/EL , 

Conducting blade. Variation of limiting air temperature  for protection with velocity and altitude. 
CL = 0.8. 

[LIMtTINr~ AIR 
rEPI PER/~TIJRE 
"C 

200 4OO 6o0 

"" / E~LA,DE VELOCITY RESULTANT/)FT/SEC 

I~ CL= O,B / 

l 
~GL= - 0.241 

I 

000 

FIG. 7. Conducting blade. Effect of Cc on limiting air temperature  for protection. 
8,00O ft. 

11 



o ( 200 4.o0 60o 8o0 

LIMITING ~ ~  BLAZ)E VELOCIT'Y (.RESULTANT) 

-5 TEMPERATURE ~ v  " ~  METAL BLAIZ)E 

L 
N " .C /~, GROUN [3 ® ~" CORR.EC.,TED TO \ N .  

- I0  ~ J 8>000 FT ~ ~  

\ 
FIG. 8. Comparisons between temperatures of conducting blade as calculated and as observed on propellers. 

C L = 0 - 8 .  8,000ft. 

12 
(5147) Wt. 17]680 K.9 11/54 H.P.Co. 84-26:!. PRINTED IN GREAT BRITA|N 



R. & K.  No. 280( 

Publications of the 
Aeronautical Kesearch Council 

ANNUAL TECHNICAL REPORTS OF THE AEIRONAUTICAL RESEARCH COUNCIL 
(BOUND VOLUMES)-- 

1936 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning. 
40s. (41s. ld.) 

Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 503. (51s. ld.) 
1937 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning. 

40s. (41s. ld.) 
Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 803. (61s. ld.) 

1938 Vol. I. Aerodynamics General, Performance, Airscrews. 50s. (51s. ld.) 
Vol. iI.  Stability and Coutrol, Flutter, Structures, Seaplanes, Wind Tunnels, 

Materials. 303. (31s. Id.) 
i939 Vol. I. Aerodynamics General, Performance, Airscrews, Engines. 503. (51s. ld.) 

Vol. II. Stability and Control, Flutter  and Vibration, Instruments, Structures, 
Seaplanes, etc. 63s. (84s. 2d.) 

1940 Aero and Hydrodynamics, Aerofoils, Airserews, Engines, Flutter, Icing, Stability 
and Control, Structures, and a rniscellaneous section. 50s. (51s. ld.) 

I941 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Stability and 
Control, Structures. 633. (843. 2d.) 

1942 Vol. I. Aero and Hydrodynamics, Aerofoils, Airscrews, Engines. 753. (76s. 3d.) 
Vol. II. Noise, Parachutes, Stability and Control, Structures, Vibration, Wind 

Tunnels. 47s. 6d. (483. 7d.) 
1943 Vol. I. Aerodynamics, Aerofoils, Airscrews. 80s. (813.4d.) 

Vol. Ii. Engines, Flutter, Materials, Parachutes, Performance, Stability and Control, 
Structures. 90s. (913. 6d.) 

1944 Vol. I. Aero and Hydrodynamics, Aerofoils, Aircraft, Airscrews, Controls. 843. 
(85s. 8t.) 

Vol. II. Flutter arid Vibration, Materials, Miscellaneous, Navigation, Parachutes, 
Performance, Plates and Panels, Stability, Structures, Test Equipment,  
Wind Tunnels. 84s. (85s. 8d.) 

ANNUAL REPORTS OF THE AERONAUTICAL RESEARC~I COUNCIL-- 
t933-34 is. 6d. (Is. 8d.) 1937 2s. (2s. 2d.) 
1934-35 Is. 6d. (ls. 8d.) 1938 ls. 6d. (ls. 8d.) 

April 1, 1935 to Dec. 31, 1936. 4s. (4s. 4d.) 1939-48 3s. (3s. 2d.) 

INDEX TO ALL REPORTS AND NiEINORANDA PUBLISHED IN THE ANNUAL 
TECHNICAL REPORTS, AND SEPARATEL~ r- 

April, 1950 R. & NL No. 2800. 2s. 8d. (2s. 7½d.) 

AUTHOR INDEX TO ALL REPORTS AND MEr~IORANDA OF THE AERONAUTICAL 
RESEARCH COUNCIL-- 

1909-1949 R. & lVI. No. 2570. 15s. (15s. 3d.) 

INDEXES TO THE TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH 
COUNCIL-- 

December 1, 1936 - -  June 30, 1939. 
July 1, i939 - -  June 30, 1945. 
July 1, 1945 - -  June 30, 1946. 
Ju ly  1, 1946 - -  December 31, 1948. 
January 1, 1947 - -  June 30, 1947. 
July, 1931. 

R. & M. No. 1850. 
R. & M. No. 1950. 
R. & M. No. 2050. 
R. & ~ .  No. 2150. 
R. & M. No. 2250. 
R. & ~ .  No. 2350. 

ls. 3d. (ls. 4½d.) 
Is. (ls. 1½4.) 
ts. (~s. I½d.) 
~s. ad. (ls. 4½d.) 
ls. 3d. (ls. 4½-d.) 
Is. 9d. (ls. t0½d.) 

Prices in brackets include ibostage. 

Obtainable from 

H E R  M A J E S T Y ' S  S T A T I O N E R Y  O F F I C E  
York House, I(ingsway, London, W.C.2 ; 42a Oxford Street, London, W.I (Post Orders : P.O. Box 569, London, S.E.1 ; 
13a Castle Street, Edinburgh 2 ; 39 King Street, Manchester 2 ; 2 Edmund Street, Birmingham 3 ; 1 St. Andrew s 

Crescent, Cardiff ; Tower Lane, Bristol 1 ; 80 Chiehester Street, Belfast, or through any bookseller. 

S.O. Code No. 23-2806 

R. & 2VL No. 280:  


