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P A R T  I 

'rests with Contra-rotating Propellers 
By 

D. E. HARTLE¥,  B.A., A. SPENCE, B.Sc., 
and D. A. KIRBY, B.Sc. 

Summary.--Systematic wind-tunnel tests have been made to investigate the effects of slipstream on the flow near 
the tailplane of a typical civil transport with four contra-rotating propellers. Tailplane height has been varied for 
each of several wing-body arrangements ; only one tailplane and one propeller position have been used. This report 
presents the main results in the form of changes in mean downwash angle, and velocity at the tailplane, as functions 
of tailplane position, lift coefficient, and propeller thrust. It  is shown that the regions of increased downwash and 
velocity each extend for a range of tailplane height of about one propeller diameter whilst the region of increased 
downwash is displaced upwards a quar.ter of a diameter relative to the region of increased velocity. 

A comparison of this work with flight results (R. & 1K. 2701a), in which the propellers were single rotating, show 
an apparent difference in the spread of the slipstream between single rotating and contra-rotating propellers, 

1. I~troductio~e,.--With a view to improving existing methods for the prediction of long- 
itudinal stability of civil aircraft, a series of model tests is being made in the Royal Aircraft 
Establishment No. 1, 11 } ft Wind Tunnel. One part  of this is reported in Ref. 1 which deals 
with the effects of the fuselage. The present report describes tests on the effects of slipstream. 

The major components of these effects are as follows : - -  
(a) increase of lift coefficient 
(b) thrust moment 

(c) change of wing pitching moment 
(d) change of downwash at tailplane 
(e) change of velocity at tailp]ane. 

R.A.E. Report Aero 2322, received 20th May, 1949. 
R.A.E. Report _Aero 2322a, received 23rd July, 1951. 



This report deals with variations in the flow at the tailplane with tailplane height for a model 
which is typical of present-day propeller-turbine driven civil aircraft and has four contra-rotating 
propellers. Downwashes and velocities are deduced from force and moment measurements 
using the tailplane as an indicator of zero mean downwash and of comparative tail efficiency 
with and without slipstream. The overall force measurements are not applicable to full-scale 
because of the low Reynolds numbers of wing and tailplane, particularly the latter, and are not 
recorded. The changes in downwash and velocity at a given no-thrust lift coefficient should 
however be more reliable. Effects of slipstream on lift and pitching moment without tailplane 
are also recorded. 

Attention is drawn to a recent collection 3, from flight tests of the movement of r/eutral point 
caused by slipstream on multi-engined aircraft with single rotating propellers. 

2. Model Details.--The main dimensions of the model are given in Table 1 and illustrated 
in Figs. 1 to 3. The fuselage of Ref. 1 was used enabling changes of wing height, wing-body 
angle and tail arm to be made. The wing aspect ratio was 10 and the chord was made constant 
over the part  of the wing behind the propellers. The section used was a modified R.A.F. 44, 
chosen to give as good characteristics as possible at the low Reynolds number (0-42 × 10") of 
the tests. Some turbulence was introduced into the tunnel by placing a fine-mesh honeycomb 
about four feet ahead of the model ; this in some respects gives lift and pitching-moment curves 
corresponding to a higher Reynolds mlmber. 

Six-bladed contra-rotating propellers were fitted in one typical position, 55 per cent root-chord 
ahead of the wing leading edge with the thrust  line parallel to the wing chord and 5 per cent 
chord below it. The diameter chosen was one tenth of the wing span, and the spanwise positions 
were 22 per cent and 43 per cent of the semispan from the centre-line of the model. The propel- 
lers were driven by 3 h.p. electric motors which formed the main part of the nacelles. 

Several alternative rear bodies could be fitted as shown in Fig. 2. Tile .plan view was the same 
in all cases. Most of the tests were made with the deep knife-edged one which enabled a large 
number of tailplane heights to be used. Comparison has been made (section 4.3.2) of results 
for this body with those for the pointed rear bodies on each of which only one tailplane position 
was obtainable. 

Split flaps of 20 per cent chord and 51 per cent semi-span per side, deflected at 60 deg, could 
be fitted as shown in Fig. 1. With a mid-wing, these were placed close to the fuselage ; for the 
low wing, the spanwise position was the same, leaving a gap equal to the diameter of the fuselage 
in the centre of the flap. 

The tailplane setting was variable but the elevators, which were cut, were not used. 

3. Tests Made.- -The tests were made in tile No. 1, 11½ X 8½ ft Wind Tunnel at t h e  R.A.E. 
between August and December, 1948. The wind speed was kept constant at 80 ft/sec to enable 
a range of thrust  coefficient up to 0.5 to be used. This gave a Reynolds number of 
0.42 × l0 G. 

Measurements were made of lift and pitching-moment coefficients with tailplane at two 
settings and without tailplane for lift coefficients up to about 0.8 (without slipstream) and for 
a range of thrust  coefficient up to 0.5. This high value was chosen to exceed the most severe 
T, against CL relationship of the type of aircraft considered and also to give greater accuracy 
in tile measurements, 
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The following table summarises the model configurations used ; those with  flaps up are illus- 
t ra ted  in Fig. 2. 

Wing 
height 

Wing-body 
angle 
(deg) 

(a) Flaps 0 deg 
Low 0 

Mid 

(b) Flaps 60 deg 
Low 

Mid 

Tail arm 

3" 78 

4"41 

3"78 

3" 78 

3"78 

3 '78 

Rear 
body 

shape* 

D 

P 

D 

P 

D 

D 

D 

D 

Tailplane height 
~" propeller diameter 

above Iusel_age 
centre-line 

- -0 .15 
0.00 

+0 .15  
+0 .3 0  
+0.395 

0"00 
+0 .  395 

--0- 30 
--0"15 
+0"15 
+0" 30 

0"00 
+0.395 

- -0 '  20 
0 '00 

+0" 20 

--0"15 
+ 0 . 1 0  

- -0 .25 
--0-15 
+0 .15  

+0 .10  
+0.30 

above wing 
root chord 

0-16 
0"31 
0"46 
0"61 
0"705 

0"31 
0"705 

0"01 
0"16 
O" 46 
0"61 

0"31 
0.705 

0"37 
0"57 
0"77 

--0.15 
+0.10 

+0 .0 6  
0.16 
0.46 

0"10 
0.30 

* D is deep rear body, 
P is pointed rear body. 

In  general  the high thrus t  coefficients were used only at the two highest  incidences. However,  
for four conditions as follows : - -  

(a) low wing, wing-body angle 0 deg, 1 = 3.78~, ZJD = 0.06. and 0 .16 and 
(b) low wing, wing-body angle 4 deg,  l = 3.78~, ZJD = 0.37 and 0.57 

tests  were made at  thrus t  codficients of 0, 0-12 and 0 .50  from zero lift up to CL -- 0 .8  in order 
to ampl i fy  the range of results. 

4. Results and Discussion.--4.1. Presentation.--The results have been analysed to give 
the effects, of propeller thrus t  on the mean downwash and mean velocity over the tailplane. 
The downwash angle was obtained by  in terpola t ing to find the tai lplane set t ing for zero tail- 
plane load ; the velocity has been expressed by the fractional  increase b where 

(V/Vo) 2 = (1 q- b) ~ \d~T-~rJ + k,~-~r at zero t h r u s t /  . 
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The increments A e, and b caused by thrust  are given in Tables 4 to 9 and Figs. 8 to 16 at the 
end of the report. 

For completeness the measurements of lift and pitching moment without tailplane are given 
J.n Tables 2 and 3 and Figs. 6a and 6b. The lift coefficients include the component of the thrust, 
but the thrust moment has been subtracted from the pitching-moment coefficients. 

4.2 Lift and Pitchi~g-Moment Changes without Tailpla~e.~The pitching-moment c u r v e s  
of Figs. 6a and 6b show that  the change of moment caused by the thrust on the wing-body 
combination is small with flaps up but much more important with flaps down. In both cases 
the effect is stabilising. No satisfactory method of estimating the changes has been found. 

The lift increments (excluding the thrust component) have been compared with estimates 
from R. & M. 17882 (Smelt and Davies). The comparison is made in Fig. 7 where the lift increment 
divided by the local lift coefficient without thrust is shown. In Smelt's form 

AC~ = zlC~ (~oss/ + (~CLo -- 0"6a0 0) D~c . . ~ -  S 

the predominating term is ~,CLo/D~cs/S and the value for ~ for the present model would be 1.8 
taking the aspect ratio of the part of the wing in the slipstream to include that  covered by the 
fuselage. The experimental values of Z are 1.3 for flaps up with all wing positions and for flaps 
down with mid wing ; for low wing with flaps down (with a central gap) the value of Z i s  1.0. 
Evidently the extra circulation caused by the thrust  does not extend fully across the fuselage 
with flaps up, or on the mid-wing with flaps down ; and does not extend across at all for the low 
wing with flaps down because of the gap in the middle of the flap. 

4.3 Dow~wash and Velocity at Tailplane, Flaps Up.--4.3.1. With Deep Rear Body.--I t  was 
expected that  the mean increments of downwash and velocity would be functions of the height 
of the tailplane relative to the wing wake*. Following the collection of flight results (R. & M. 
270P), the angular parameter 0 (defined in Fig. 4) was tried. The downwash changes with the 
longer tail arm, however, showed that  for the present purpose the ac tua l  tailplane height or 
height in propeller diameters was a better parameter (Fig. 8). This implies that,  for contra- 
rotating propellers, the slipstream effects do not spread with increase of distance downstream 
over a practical range of tail arm. 

The results are plotted in Figs. 9 and 10 against Zw the height of the tailplane above the wake 
centre-line (see Fig. 4). Separate curves are drawn for each incidence and approximate values 
of lift coefficient are given. The exact values can be found from Tables 4 to 7. At a given 
thrust, downwash and velocity curves show lateral shifts with incidence which are due to the 
upward displacement of the slipstream by the upwash ahead of the wing. The effects are 
removed by plotting against Z, the vertical distance of the tailplane above the trailing edge of 
the wing (see Fig. 4). This is done in Figs. 11 and 12. Evidently for the particular wing- 
propeller configuration and tail arm, the downward displacement of the slipstream behind the 
wing is equal to its upward displacement in front of the wing. For any other wing-propeller 
arrangement the appropriate parameter would be Zw -- ~F where F is a function of propeller 
overhang, wing chord and inclination of thrust-line to wing chord. In Figs. 9 to 12 the heights 
have been made dimensionless by dividing by propeller diameter. 

On Fig. 11 the curves for Tc = 0.5 were diawn first. These curves scaled in the ratio of the 
factor a/(1 + a) where 1 + 2a = ~/(1 + 8Tc/=) were found to fit the experimental points 
for the lower thrust  coefficientst. 

* The position of the wake was estimated from Ref. 4 using values of lift coefficient at zero thrust. 
t c~¢/(1'+ ~) is the theoretica! fl0w deflection behind an actuator disc at an angle ¢ to the main air stre.~m, 
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Similarly the curves of Fig. 12 for b were constructed from that  for T~ -- 0.5 by scaling by 
the expected factor, 2a. 

The main features shown by Figs. 11 and 12 are : - -  

(a) the regions of increased downwash and increased velocity each extend over a range of 
tailplane height of about one propeller diameter 

(b) the peak downwash change occurs 0.22 diameters above the peak velocity change 

(c) there is a large downwash change at zero lift 

(d) the extra downwash at higher incidence is proportional to the lift coefficient without 
thrust (and hence to the slipstream lift increment) 

(e) change of wing height or wing-body angle has no systematic effect on the results. 

It  is emphasised that  the usefulness of the tailplane height relative to the wing trailing edge 
arises from the particular model geometry. 

4.3.2. Comparison with Res,dts for Pointed Rear Bodies.--The following table compares the 
values of 3 s and b for the mid and high-pointed rear bodies with values taken from the curves 
of Figs. 11 and 12 for corresponding tailplane heights on the deep rear body. 

Tai lp lane  ct = 7 .6  deg 

height  T~ = 0 .50 To = 0-37 T,, = 0 .50  

P D p D 

I CoIIl 

Mid 
Mid 

High 
High  

II Com 

Mid 
Mid 

High 
High  

0c = 5 .5  deg 
Tail  
a rm T,. = 0 .37  

P D 

)arison of values of z] s (deg) 

3 .78  1" 25 1' 55 
4.41 1"05 1' 15 
3-78 0 ' 80  I '2  
4:41 1"05 t ' 4 5  

)arison of values of b 

3 .78  0.21 
4.41 0-24 
3 .78  0 .02  
4.41 0 .03 

0-21 
0 .23  
0"01 
0"03 

1 ' 7  1 '9 
1 "5 1 '4 
1" 1 1 -45  
1 "5 1 "7 

0"23 
O" 29 
0"02 
0"04 

0'  27 
0" 29 
0" 02 
0" 04 

0 .9  
0-55 
1 ' 3  
1 ' 7  

0 .25 
0.21 
0- 05 
0 .05 

1-0 
0 .4  
1 . 9 5  
2.4  

0 '  23 
0"21 
0"05 
0" 08 

P D 

1 . 4 5  1 . 2 5  
0 .9  0 .5  
1 . 7  2-4 
2-15 2 .9  

O- 33 O. 30 
O. 29 O. 28 
O. 06 O. 06 
0 .06  0-11 

P is po in ted  rear  body,  D is deep rear  body.  

The velocity increments are in good agreement. The values of ~e agree for the mid-tail 
position, but for the high tail the downwash increments are smaller with the pointed rear body 
by about 0.4 deg at c~= 5.5 d e g a n d 0 . 7  deg at c~= 7.6 deg. The curves of Fig. 11 may 
therefore overestimate the destabilising effects of slipstream for a high tailplane on an unswept 
pointed rear body. 

4.4. Downwash and Velocity at Tailp&,ne, Flaps 60 deg.---The increments of downwash and 
velocity with flaps at 60 deg are given in Table S for the model with low wing and Table 9 for 
mid-wing. Over the very limited range of tailplane position and incidence used, Figs. 13 to 16 
show no systematic variations with incidence. Also, unlike the case with flaps up, the results 
are no more orderly when plotted against the height  of the tailplane above the wing trailing 
edge than when plotted against the height above the wake. In Figs. 13 to 16, the factors 
'a/(1 -[- a)(for Ae) and 2a (for b) have been used to obtain the curves for low values of T~ from 
those for T~ = 0.5. 
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The downwash changes ~or the mid-wing model are larger than those for the iow wing. The 
larger lift increments caused by slipstream for the mid-wing (section 4.2) are not sufficient to 
account for the difference. I t  is not possible to suggest a reason from the scanty data available. 
The velocity changes are similar in the two cases. 

The range of tailplane height used was not wide enough to define the positions or values of 
maximum A e and b. Both A e and b increase with decrease of tailplane height down to the lowest 
position used. Curves from the results with flaps up are shown on Figs. 13 to 16 in broken lines 
for purposes of comparison. The agreement between the results with flaps up and flaps down 
is best on the basis of tailplane height above the wake, but the variations with tailplane height 
are less rapid with flaps down. 

5. Concl¢tding Remarks.--The range of validity of the present results is limited for the 
following reasons : - -  

(a) only one position of the propellers was used 

(b) only one tailplane span was tested 

(c) the downwash increments caused by slipstream are smaller with an unswept pointed 
body than for a high tail position on the deep body 

(d) the data with flaps deflected are very scanty. 

With these limitations in mind, the investigation has shown that  for contra-rotating propellers, 
the changes ol downwash and velocity at the tailplane due to thrust each extend over a range 
of tailplane height of about one propeller diameter, the peak downwash change occurring 0.22 
diameters higher than the peak velocity. For a given tailplane position and incidence, the 
variations with thrust coefficient are given by 

b o c a  

where 

1 -t- 2a  = V ( 1  -I- 8To/~). 

In order to make the results more generally applicable, tests would be required on different 
tailplane spans and propeller positions. Further work would also be needed on lift and pitching- 
moment changes without tailplane, particularly with flaps deflected, and the present limited 
range of results with flaps would require extending. 

Certain differences are apparent between the flight results (R. & M. 27013) in which the propel- 
lets ~vere single rotating, and these model tests on contra-rotating propellers ; in particular the 
slipstreams appear to spread in different manners. In order to investigate these differences 
some oI the tests have been repeated using single rotating propellers (Part II). 
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P A R T  I i  

Tests with Single Rotating Propellers 
By 

D. A. KII~BY, B.Sc. 

Summary.--This part of the report gives the results of tests which have been made on the model of Part I fitted 
with single rotating propellers. 

(a) As with contra-rotating propellers the region of increased downwash due to slipstream is displaced upwards 
a quarter of a propeller diameter relative to the region of increased velocity. 

(b) Unlike the contra-rotating propellers, there is evidence of some spread in the slipstream proportional to the 
tail arm. The variation of downwash increment with incidence was less than that obtained with the contra- 
rotating propellers. 

These conclusions imply that the destabilising effect is smaller than for contra-rotating propellers. For the range 
of tail arm considered, the difference in slipstream spread would not have much effect on the variation of the destab- 
ilising effect with tailplane height. The difference in slipstream spread is not sufficient to explain differences from 
flight results (R. & M. 27013). 

i 

1. I¢¢troductio~¢.--Comparison of the results of Pa r t  I wi th  flight results (R. & M. 270P) 
in which the propellers were single ro ta t ing  suggests certain differences ; in par t icu lar  the slip- 
s t reams appear  to spread in different manners .  To ex tend  the previous work tests have been 
made  with  single ro ta t ing  propellers. Downwashes  and  velocities were deduced  from force and  
m o m e n t  measurements  as in Par t  I. 

The previous tests showed tha t  the same position of the tai lplane relat ive to the sl ipstream 
wake could be obta ined wi th  several different wing and body  a r rangements  wi thou t  affecting 
the values of the increments  of downwash  and veloci ty  due to thrust .  The tests wi th  single 
ro ta t ing  propellers have been made  with  only one a r r a n g e m e n t - - a  low wing wi th  a geometr ic  
wing-body angle of 0 deg. 

2. Model Details.--The model  used was tha t  of Pa r t  I wi th  the six-bladed cont ra - ro ta t ing  
propellers replaced by  three-bladed single ro ta t ing  propel lers .  The overhang of the propellers 
was 55 per cent  root chord i.e., m i d w a y  be tween the front and rear  components  of the contra-  
ro ta t ing  propellers. The deep rear  body  was used, bu t  no tests were made  wi th  pointed  rear  
bodies. Flaps were not  fitted. 

Re levan t  details of the model  are given in Table 1 and  the nacelle is i l lustrated in Fig. 17. 
The general  a r rangement  of the model  is shown in Fig. 1. 

3. Tests Made.--The tests were made  in the No. 1, 11½ ft × 8½ ft Wind  Tunnel  at the R.A.E.  
dur ing October,  1950. The test condit ions were the same as those of Par t  I, the  fine-mesh 
honeycomb being placed ahead of the model  and the wing speed being 80 ft/sec (Reynolds 
n u m b e r  0 .42  × 10s). 



Measurements were made of lift and pitching-moment coefficients with the tailplane at two 
settings and without tailplane, for lift coefficients up to about 0-8 (without slipstream), and for 
thrust coefficients of 0, 0.37 and 0.50: The following table summarises the  model conditions used. 

Tail arm 
_.? 

3'78 

4"41 

Tailplane height + propeller diameter 

above fuselage " above wing 
centre-line root chord .t. 

No tailplane 
--0-15 

0.00 
0.15 
0.30 

0.16 
0.31 
0.46 
0.61 

No tailplane 
0.15 0.46 
0.30 0.61 

4. Resulls and Discussion.--4.1. Presentalion.--The effects of propeller thrust on the mean 
downwash and. mean velocity Over the tailplane have been calculated as in Part I. The incre- 
ments de and b caused by thrust are given in Tables 11 and 12 and Figs. 21 to 25 at the end of 
the report. 

The measurements of the lift and pitching moment without tailplane are given in Table 10. 
The lift coefficients include the component of the thrust, but the thrust moment has been sub- 
tracted from the pitching-moment coefficients. 

4.2. Lift and Pitching-Moment Changes wilhout Tailplane.--A comparison of Fig. 19 with 
Fig. 6 shows that  the change of pitching moment caused by the thrust on the wing and body is 
rather larger (i.e., more stabilising) with single rotating propellers than with contra-rotating 
propellers. 

Fig. 20 shows the lift increments (excluding the thrust component) as measured with the single 
rotating propellers, and compares them with the results for the contra-rotating propellers and 
also with calculated values ~. It is seen that the single and contra-rotating propeller results 
are in fair agreement, both being less than the calculated values. 

4.3. Down, wash and Velocity at Tailplane.--For contra-rotating propellers the flow pattern 
changes only slowly with distance downstream, because there is little or no rotation in the flow. 
In Part I it was shown that  the effects on downwash and velocity for tail arms of 3.78g and 
4,41g fitted on the same curves against the  parameter Z,v/D, where Zw is the height of the tail- 
plane above the wing wake (calculated from Ref. 4 for the lift a t z e r o  thrust). The effects 
were confined to regions about one propeller diameter in depth. 

With single rotating propellers, passing over the wing will remove the primary rotation in the 
flow but local rotations remain and the effects of the slipstream would be expected to spread 
and to be dissipated more quickly than with con{ra-rotating propellers. The downwash incre- 
ments are plotted against Z~/D in Fig 21 which shows that  the peak dowmvash is smaller and 
the spread greater for the longer tail arm. Fig. 22 illustrates that the results for the two tail 
arms lie on the same curves if A e × l/g is plotted against (Zw/D) -- (1/g), i.e., the spread is assumed 
to vary as the tail arm. Downwash increments for single and contra-rotating propellers are 
compared in Fig. 23 on a scale of Zw/D. The results are fairly similar in the middle of the 
incidence range, but with single rotating propellers the effect of incidence is only about half 
as large as for contra-rotating propellers with the shorter tail arm and would be still less with 
the longer tail arm. 
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The velocity increments are shown in Fig. 24. There is no decrease with increase of tail arm, 
probably because the slipstream spreads further into the region near the side of the body and the 
increase in the proportion of tailplane span affected offsets the reduction in local velocity. There 
is some evidence of larger spread at the longer tail arm and there is slightly better agreement 
between the two tail arms when the increments are plotted against (Z.,/D) + (l/g) as in Fig. 25 

The results also show that  : - -  

(a) for the shorter tail arm the peaks of the downwash and velocity increments are separated 
by about 0.22 propeller diameters, the same as for contra-rotating propellers. There 
is not enough data to check that  this is also true for the longer tail arm 

(b) the values of Ae at Tc .... 0.37 are 10 per 'cent  less than would be obtained by scaling 
from T~ = 0 '5  assuming Ae proportional to a/(1 + a) as in Part  I ; the values of b are 
proportional to a where 1 + 2a = ~/(1 - /  8Td=). 

Combining tee greater stabilising effect on the wing-body unit with the smaller variation of 
A e as incidence increases for the single rotating propellers, the overall destabilising effect is 
smaller than for contra-rotating propellers. For the range of tail arm considered, the difference 
in slipstream spread would not have much effect on the variation of the destabilising effect with 
tailplane height. 

(b) 

(c) 

General 

CL o 

CtLO 

l 
8 

Ae 
b 

Propellers 
D 

a 

LIST OF SYMBOLS 

Lift coefficient at zero thrust, no tailplane 

Local value of.CLo across flapped part of wing 

Tail arm (wing quarter-chord to tailplane quarter-chord) 

Mean downwash angle at tailplane 

Change of e from value at zero thrust  

Fractional increase of mean velocity at tailplane defined by 

dc,,, (dc,,, ) 
(1 q- b) ~ -- d~r \d~Tr at zero thrust  

Propeller diameter 

Thrust coefficient (thrust + p V2D 2) 
Defined by 1 q- 2a = V'(1 + 8Td=) 

Tailpla~e height (see Fig. 4) 

ZW 
Z 

Height of tailplane quarter-chord above wing root chord 

• Height of tailplane quarter-chord above wing wake 

Height of tailplane quarter-chord above wing trailing edge at root 
measured perpendicular to main stream 

Angular height of tailplane leading edge above line joining wing root 
trailing edge to position of wake below elevator hinge-line (definition 
as used in R. & M. 2701a). 
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istics behind plain and flapped wings. N.A.C.A. Report 648. 
1939. (A.R.C. 3981.) 
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Wing 

Span . . . .  
Wean chord 
Root  chord ..  
Gross area .. 
Aspect ratio 
Dihedral  . .  

Section ..  

• ° 

TABLE 1 

Details of Model 

• o 

Bo@ 
Overall lengths (i) 

(ii) 
Diameter  . . . .  

D 

• o 

• • 

• • 

Tailplane 

Span . . . .  
Mean chord 
Gross area ..  
Aspect  ratio 
Tail arms (i) 

(ii) 
Tail volume ratios (i) 

(ii) 

• o 

Airscrews 
Type  
Number  of blades each . . . . . . . . . .  
Diameter  . . . . . . . . . . . . . .  
Solidity . . . . . . . . . . . . . .  
Blade angle at 0 .7  radius . . . . . . . . . .  
Distance forward of wing leading edge . . . . . .  

Fla2bs 

Type . . . . . . . . . . . . . .  
Span (per side) . . . . . . . . . . . .  
Inner  edge from model centre-line . . . . . .  
Chord . . . . . . . . . . . . . .  
Deflection . . . . . . . . . . . . . .  
Distance of hinge from trailing edge at wing root . .  

Pitching-moment axis 

Distance aft of leading edge at wing root . . . .  
Distance below chord-line . . . . . . . .  
Distance aft of leading-edge s tandard  mean chord . .  

11 

. ° 

b 

P 6 

100 in. 
9 .97 in. 

11.07 in. 
6 .92 sq ft 

10 
None except on lower surfaces of 

ou tboard  sections 

RAF44 Modified to have straight  
port ion from 65.5 per cent cho rd  
to trailing edge on upper  surface• 
Maximum thickness ratio 15 per 
cent at  30 per cent cho rd ;  camber 
2 . 4  per cent ~ at 30 per cent ~. 

68 .3  in. 
74.6 in. 

9 in. 

32 in. 
6 .16 in. 
1.37 sq ft 
5 .2  

37.64 in. (3.78~) 
43.94 in. (4.41~) 

0.75 
O. 90 

Contra-rotat ing 
6 

10 in. 
0 .24 

35 deg 
6 .16  in. 

Single rota t ing 
3 

10 in. 
0 .12 

30 deg 
6.16 in. 

Split 
25.5 in. 
4 .5  in. 
2 .2  in. 
60 deg 
2 .2  in. 

2 .77 in. 
O. 67 in. 
O. 25? 



(a) 

- -0 .80  
+0"25 

1'30 

3"40 

5"50 

7"60 

+ 9 . 6 5  

TABLE 2 

Lift and Pitching-Moment Coefficients without Tailplane. Deep Rear Body- 
Contra-rotating Propellers 

Low wing (b) Low wing 
Wing-body angle 0 deg Wing-body angle 0 deg 
1 = 3.78~ l = 4.41g 

To 

0 
0 
0 
0.12 
0 
0 . 1 2  
0.25 
0 
0.12 
0-25 
0.37 
0.50 
0 
0.12 
0.25 
0.37 
0.50 
0 

C~ 

0.028 
0.124 
0.209 
0.226 
0.388 
0.423 
0.451 
0.589 
0.653 
0.692 
0.727 
0"763 
0.800 
0.871 
0.923 
0.977 
1.029 
0.940 

C~ Trim C,~ 

0"019 --0"0330 
0.120 --0.0153 
0.209 --0.0019 
0.225 --0"0050 
0-397 -/-0'0302 
0-432 0.0344 
0-457 0.0242 
0"604 0.0512 
0"667 0.0524 
0"705 0.0481 
0"739 0"0456 
0.774 0.0416 
0"82! 0.0795 
0"893, 0.0825 
0"946 0"0860 
0"988 0.0783 
1.049 0.0740 
0 - 9 6 7  +0.1031 

6( 

- - 0 - 8 0  
+0.25 

1.30 

3.40 

5' 50 

7 . 6 0  

+ 8 . 6 5  

Te 

0 

~ ,12 

0,1.2 
0,25 
0 
0.12 
0.25 
0.37 
0-50 

0"37 

~ .50 

e L  
m _ _  

0.040 
0.129 
0.216 
0.235 
0.406 
0.447 
0-473 
0.606 
0.675 
0-714 
0-750 
0-787 
O-804 
0-881 
0.938 
0.986 
1 ,040  
0.885 

C~ Trim C.~ 

0"032 --0"0339 
0"125 --0"0170 
0.216 --0"0003 
0"234 --0"0029 
0.413 +0:0286 
0'453 0.0279 
0-478 0-0229 
0'618 0-0534 
0"687 0-0541 
0"725 0"0496 
0'760 0"0442 
0:796 0"0399 
0"822 0"0803 
0"900 0"0826 
0"956 0'0795 
t ' 003  0'0737 
1"056 0"0699 
0"906 +0 '0936  

Note : C~ includes component of propeller thrust 
C,. excludes the moment of the thrust 

(c) 

--0-80 
+ 0 , 2 5  

1.30 

3.40 

5 '50 

7,60 

+ 8 . 6 5  

Mid Wing 
Wing-body angle 0 deg 
l = 3.78g 

Tc 

Z----- 

12 

12 
25 

12 
25 
37 

0 50 
0 

25 

~ ,37 
,50 

0 

CL 

0.154 
0.226 
0.240 
0.401 
0.438 
0.468 
0.615 
0.679 
0.725 
0.764 
0.804 
0.816 
0 '890 
0,952 
1,000 
1,060 
0.888 

C~Trim Cm 

0"043 --0.0324 
0"149 --0"0191 
0.224 --0.0070 
0"238 --0"0084 
0"409 +0"0313 
0"446 0"0315 
0"475 0.0274 
0.630 0.0553 
0.694 0.0567 
0-737 0.0524 
0-777 0.0502 
0-816 0,0467 
0-840 0,0826 
0,912 0-0845 
0.974 0,0812 
1.020 0,0769 
1.080 0.0744 
0.914 +0,0998 

12 

(d) 

- -0 .80  
+ 0 . 2 5  

1.30 

3"40 

5" 50 

7" 60 

-~ 8.6o 

Low wing 
Wing-body angle 4 deg 
l = 3.78g 

To 

0 
0 
0 
0.12 
0 
0.12 
0.25 
0 
0-12 
0-25 
0-37 
0.50 
0 
0.12 
0.25 
0.37 
0.50 
0 

CL 

0.014 
0"097 
0.178 
0.189 
0.362 
0.398 
0.418 
0-558 
0-620 
0,660 
0"687 
0.727 
0-760 
0-823 
0"883 
0"927 
0"967 
0"844 

CLTrim C.~ 

- -0 .006 --0.0745 
+0 .082  --0"0567 

0"168 --0"0392 
0"178 --0"0429 
0.359 --0"0102 
0'396 --0"0104 
0'414 --0"0134 
0'563 +0-0204 
0'626 0"0226 
0'665 0"0203 
0"692 0-0177 
0.73l  0"0135 
0'772 0-0451 
0'836 0-0497 
0"896 0-0484 
0.939 0"0471 
0'979 0"044l 

iI-0'859 +0"0571 



TABLE 2--continued 

(z 

- -1 .30  

+ 1 . 3 0  

3"40 

+ 5 . 5 0  

(e) L o w  w i n g  
W i n g - b o d y  a n g l e  0 d e g  

I = 3.785 

Te 

0 
0"12 
0'  50 
0 
0"12 
0"50 
0 
0"12 
0"50 
0 
0 '12 
0 '50 

C~ 

+0"002 
--0"009 
--0"026 
+0"226 

0"242 
0"274 
0 '400 
0"443 
0"512 
0.605 
0-666 

+0 .775  

CL Trim 

--0 .008 
- -0 .022 
--0-043 

0-226 
0.241 
0.269 
0.406 
0.449 
0.515 
0.618 
0-679 
0.786 

--0-0398 
~-0-0480 
--0-0649 
--0.0016 
--0"0046 
--0.0191 
+0"0241 

0-0237 
0.0117 
0.0497 
0.0506 

+0"0413 

(f) Low wing 
Wing-body angle 4 deg 

1 = 3.78~ 

- -1 .30 

+ 1 . 3 0  

3.40 

+ 5 . 5 0  

To 

0 
0.12 
0.50 
0 
0.12 
0.50 
0 
0-12 
0.50 
0 
0.12 
0.50 

CL C~ Trim 

--0 .003 - -0 .023 
- -0 .018 - -0 .040 
--0-033 --0.058 
+0 .205  +0"194 

0.218 0.207 
0.249 0.235 
0.381 0"378 
0.422 0.419 
0"487 0.482 
0"576 0.581 
0"632 0.637 

+0-729  +0 .733  

C,, 

--0-0749 
--0.0822 
--0.0958 
--0.0407 
--0.0430 
--0.0523 
--0.0114 
--0"0103 
--0"0176 
+0.0183 

0.0204 
+0.0165 

(a) 

~Z 

1 "65 

3.75 

5"85 

7"95 

T A B L E  3 

Lift and Pitching-Moment Coefficients without TaiIplane. 

C o n t r a - r o t a t i n g  P r o p e l l e r s  

L o w  w i n g  (b) 
F l a p s  d o w n  
W i n g - b o d y  a n g l e  0 d e g  

1 = 3 . 7 8 g  

Te 

0.2~ 
0.37 
0.5£ 

.12 
0-25 
0.37 
0.50 

C~ 

0.978 
1.092 
1.173 
1.232 
1.293 
1-160 
1-280 
1.382 
1.443 
1-495 
1.352 
1.473 
1.587 
1.654 
1-731 
1-549 
1.678 
1.789 
1.870 
1"950 

CL Trim 

0"967 
1.056 
1.135 
1'187 
1.254 
1.135 
1-251 
1.347 
1.404 
1.443 
1.333 
1.451 
1"559 
[ '623 
[ '696 
[ '536 
! '662 
-769  
"846 
. 923  

Cm 0~ 

--0-1180 - -5 .70  
--0.1352 - -3 .60  
--0.1544 
--0.1712 - -1 .50  
--0.1841 
--0-0934 
--0.1092 + 0 . 6 0  
--0.1306 
--0"1460 
--0.1589 
--0.0734 
--0.0842 2.70 
--0"1047 
--0"1184 
--0"1312 
--0.0494 
--0-0623 + 3 . 8 0  
--0.0766 
--0.0904 
--0-1016 

Deep Rear Body 

Mid-wing 
Flaps down 
Wing-body angle 0 deg 

1 = 3.785 

To 

o 

-12 

0.12 
"25 

0.12 
0"25 
0.37 
0.50 
0 
0.12 
0.25 
0.37 
0-50 
0 

CL 

0.259 
0.456 
0-538 
0.652 
0.747 
0.829 
0.870 
0.973 
1-063 
1.147 
1.205 
1.067 
1.205 
1.291 
1.360 
1-444 
1-157 

CL Trim 

0. 409 
0. 481 
0-612 
0.698 
0. 772 
O. 835 
0- 930 
1 . 0 1 3  

1. 092 
1 • 143 
1. 037 
l.  168 
[. 248 
1-312 
[.391 

1 • 130 

C~ 

--0.2102 
--0.1768 
--0.2150 
--0.1519 
--0.1849 
--0.2147 
--0.1330 
--0.1631 
--0.1873 
--0.2079 
--0.2350 
--0.1136 
--0-1408 
--0.1639 
--0.1815 
--0-1997 
--0-1009 

!3 



Low wing 

TABLE 4 

Effect of Slipstream on Mean Downwash and Velocity at Tailplane 

Contra-rotating Propellers 

Wing-body angle 0 deg 
Deep rear body 
(a) e a t T ~ =  0 

I ~ 3 . 7 8 ~  

--0"80 
+ 1 . 3 0  

3-40 
5.50 

+7 .60  

eL 
Trim 

0.019 
0.209 
0.397 
0.604 
0.821 

0"16 

--1 .00 
--0" 40 
+0.50 

1.30 
+1.80 

0'31 

0"35 
1" 20 
1 "65 
2-70 
3-50 

Z,/D 

0"46 

0"35 
1"10 
2"05 
2"70 
3"55 

0"61 

1 "55 
1 "90 
2"70 
3-30 
3"90 

0.705 

2.30 
2.55 
3.40 
3.85 
4.20 

(b) Zw 

Z ID 

0.06 0.16 0-31 0.46 0.61 0.705 

- -1 .30 
- -0 ' 80  
+ 1 . 3 0  

3.40 
5.50 

+ 7 . 6 0  

+0.124 
+0 .107  
+0-042 
--0.025 
--0.086 
--0-145 

0.224 
0.206 
0.140 
0.074 
0.013 

--0.047 

0.374 
0 . 3 5 8  
0.292 
0.225 
0.164 
0.104 

0.524 
0.506 
0.441 
0.374 
0.312 
0.247 

0.674 
0.658 
0.593 
0.525 
0.462 
0.401 

0-769 
0.752 
0.686 
0.619 
0.556 
0.494 

(c) Z/D 

- -1 .30  
--0"80 

1.30 
3.40 
5"50 
7-60 

0"06 

+0 .126  
+0.101 
--0.006 
--0.114 
--0.222 
--0.329 

0.16 

+0 .226  
+0 .200  
+0 .092  
--0.015 
--0.123 
--0.231 

0"31 

0.376 
0.352 
0.244 
0.136 
0.028 

--0.080 

Z fD 

0"46 

0-526 
0"500 
0-393 
0"285 
0-176 
0.063 

0"61 

0.676 
0.652 
0.545 
0.436 
0.326 
0.217 

0.705 

0.771 
0.746 
0.638 
0.530 
0.420 
0.310 

' 1 4  



TABLE 4 continued 

(d) /Is 

- - I  "3 
+1.3 

3"4 
5"5 

+ 7 . 6  

3.4 
5-5 
7"6 

5.5 
7"6 

- -1-3  
+1-3 

3"4 
5"5 

~-7.6 

Trim 

--0.034 
0.225 
0.432 
0.667 
0-893 

0.457 
0.705 
0.946 

0.739 
0"988 

--0.055 
0.255 
0-501 
0.774 
1-049 

0"06 

0"50 
0 " 3 5  
0"05 
0"15 

1 "40 
1 "20 
0"45 
0"50 

0"16 

+0" 45 
0.35 
0.32 

+0" 12 
- -0 .10 

0"70 
0"25 
0"05 

0"30 
0.25 

1 "40 
1 "50 
0"90 
0"60 
0"25 

0"31 

0"45 
0"55 
0"40 
0"20 

1 "05 
O" 95 
0"45 

1 "40 
0"90 

1 "85 
1 "45 

ZJD 

0"46 

0"25 
0 '60  
0"95 
0"75 

1"10 
1 "70 
1 "40 

2.25 
2-10 

2"90 
2.75 

0"61 

0"15 
0"40 
0"70 
1 "00 

O" 70 
1 "25 
1" 70 

1 "65 
2"40 

2.15 
3-05 

0"705 

0"20 
0.25 
0.50 
0.60 

0 '55 
0"95 
1.05 

1 "25 
1 "70 

1 "60 
2.40 

T, 

0"12 

0"25 

0"37 

0"50 

(e) b 

0¢ 

- -1 .3  
+1.3 

3"4 
5"5 

+7.6 

3.4 
5.5 
7.6 

5.5 
7"6 

- - 1 . 3  
+1.3 

3.4 
5"5 

+ 7 . 6  

C ~  

Trim 

--0.034 
+0 .225  

0.432 
0.667 

+0 .893  

0.457 
0.705 
0.946 

0"739 
0"988 

--0-055 
+0 .255  

0.501 
0.774 

+1"049 

0"06 

0.055 
0.080 
0.097 
0.070 

0.174 
0.252 
0.273 
0.223 

0"16 

0"005 
0.060 
0'084 
0.047 
0.050 

0.160 
0.116 
0.124 

0 '170 
0.164 

0.120 
0-240 
0.275 
0.252 
0-208 

0.31 

0.039 
0-086 
0.080 
0.084 

0.128 
0.170 
0.172 

0.230 
0.247 

0.310 
0.336 

Z, ID 

0"46 

0"003 
0.028 
0.050 
0.080 

0.035 
0.082 
0.150 

0-100 
0 '178 

0.107 
0.241 

0.61 

0"000 
0"000 
0"004 
0.029 

0.011 
0'014 
0"043 

0.026 
0 '073 

0.031 
0.104 

,, 
0.705 

O. 000 
0.000 
O. 000 
0.015 

0.000 
0.000 
0.031 

O. 000 
O. 025 

0. 000 
0. 020 

T. 

0"12 

0"25 

0"37 

0"50 
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TABLE 5 

Effects of slipstream on Mean Downwash and Velocity at Tailplane 

Contra-rotating Propellers 

Low wing Wing-body angle 0 deg 
Deep rear body 

(a) e a t T c = 0  

I = 4.41g 

- -0 .8  
+ 1 . 3  

3"4 
5.6 

+ 7 . 7  

C L , 

Trim 

0-032 
0.216 
0.413 
0.618 
0.822 

0"01 

- - 1 ' 1 0  
--0" 30 
+0-  30 

1 " 1 0  
+1  '90 

0"16 

--0" 20 
- -0 ,20  
+0.9O 

1,90 
+ 2 . 4 0  

Z rD 

0.46 

0"40 
1" 20 
1 "90 
2"60 
3"15 

0"61 

1.30 
2"00 
2.60 
3"45 

• 4-40 

(b) Zw/D 

Z,/D 

0.01 0.16 0.46 0,61 

- -0"8 
+ 1 . 3  

3"4 
5"6 

+ 7 . 7  

+0.070 
- -0 .009 
--0.081 
--0-157 
--0.227 

+0-223 
+0 .144  
+0 .069  
--0"006 
--0.077 

0.521 
0.442 
0 '367 
0"291 
0.218 

(d) As 

Z fD 
C~ . . . . .  ~ - .~-  

Trim 0- 01 0, 16 _ 

1 '3  ~ + 0 " 1 0  0.35 7 0"35 
3"4 0 '453 0"0 0"30 0 " 8 5  
5"6 0"687 0"0 0"20 0"90 
7"7 0"900 - - 0 ' 2 0  - - 0 " 2 0  0"60 

3"4 0. 478- -0" -~- - - -  0:45 1'55 
5"6 0"725 0"0 - -0 :05 1"55 
7.7 0.956 /--0"10 - -0 .20  1,35 

/ 
5.6 0-760 / 0.0 - -0 .05 2.05 
7.7 1.003 /--0"10 - -0 .05  1.90 

5.6 0-796 t 0.0 0,45 2.45 
7.7 1 .0561--0"10 - -0 .05 2-60 

0"670 
0-592 
0"516 
0.442 
0.367 

0"61 

0.10 
0"60 
0-90 
1.10 

O' 95 
1.40 
1- 95 

1.90 
2.55 

2.45 
3.15 

(c) Z/D 

Z,/D 

0"01 0-16 0-46 0.61 

- - 0 ' 8  
+1.3 

3-4 
5"6 

+ 7 . 7  

0.059 
--0.072 
--0-202 
--0.332 
--0,461 

+0 .212  
+0.081 
--0.050 
--0-181 
--0.311 

+0-510  
+0 .379  
+0 .248  
+0 .116  
--0.016 

0-659 
0.529 
0.397 
0.267 
0.133 

I 

(e) b 

Z,/D 

0"01 

0"044 
0 '034 
0"046 
0.025 

0.102 
0.095 
0.063 

0.151 
0.102 

0-204 
0-155 

0"16 

0.070 
0.100 
0.060 
0.020 

0.180 
0.170 
0.070 

0-210 
0.120 

0"310 
0.145 

0"46 

0.015 
0.020 
0.080 
0.095 

0"020 
0"130 
0"200 

0.160 
0.245 

0.135 
0.285 

0:61 

0 
0 
0 
O. 070 

0 
0 
0-115 

0 
0. 140 

0 
0.140 

To 

0.12 

0 '25 

0.37 

0"50 
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Mid-wing 

TABLE 6 

Effects of Slipstream on Mean Downwash and Velocity at Tailplane 

Contra-rotating Propellers 

Wing-body angle 0 
Deep rear body 

(a) ~ at T c = 0 d e g  

- - 0 . 8  
+1.3 

3"4 
5"5 

+ 7 . 6  

CL 
Trim 

0.043 
0.224 
0.409 
0.630 
0.840 

~tj D 

- -0 .15  

- -0 .10  
+0.70 

1.10 
1 "50 

+ 1 - 6 0  

l = 3.78g 

0"I0 

0"00 
I "30 
2"10 
3.20 
3"90 

(b) Zw/D 

--0"8 
+1.3 

3"4 
5 '5  

+ 7 . 6  

z,/D 

- -0 .15  0.10 

- -0 .099 +0-152  
- -0 .166 +0-085  
- -0 .232 +0 .019  
--0.291 - -0 .042 
- -0 .350 --0.101 

(c) Z/D 

Z rD 

- -0 .15  0.10 

- -0 .110 +0.141 
- -0 .218  +0 .033  
- -0 .325 - -0 .074 
--0.431 - -0 .182 
--0-538 - -0 .289 

(d) ~ 

O~ 

1.3 
3.4 
5.5 
7.6 

3.4 
5.5 
7.6 

CL 
Trim 

0.238 
0.446 
0.694 
0.912 

0"475 
0"737 
0"974 

Z ' D  

- -0 .15  0.10 

0,00 0.30 
0.00 0- 20 

- -0 .10  - -0-05  
0.00 - -0 .20  

- -0 .20  
- -0-20  

0-00 

0.50 
0.00 

- -0 .10  

5"5 0-777 --0"20 0.15 
7"6 1"020 0-00 0"I0 

5"5 0"816 - -0-20  0"30 
7.6  1-080 0.00 0.40 

(e) b 

z,/D 

- -0 .15  

0.050 
0.050 
0.042 
0-019 

0.10 

0.081 
0-110 
O- 081 
O. 065 

T~ 

0.12 

0-085 O. 186 
O- 074 O. 158 O. 25 
O- 036 O. 130 

O. 100 O. 221 
0.065 O. 193 0.37 

O. 145 O. 280 
O. 081 O. 202 O. 50 
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T A B L E  7 

L o w  w i n g  

Effects of Slipstream on Mean Downwash and Velocity at Tailplane 

C o n t r a - r o t a t i n g  P r o p e l l e r s  

W i n g - b o d y  a n g l e  4 d e g  
D e e p  r e a r  b o d y  

(a) ~ a t  Tc = 0 

- -0 .8  
+ 1 . 3  

3.4 
5"5 

+ 7 . 6  

Trim 

--0-006 
0'168 
0"359 
0-563 
0"772 

Z,/D 

O. 37 O" 57 

- -1-60 - -0 .40  
--0" 80 -FO' 05 
+ 0 .  O0 O- 48 

0.75 1.10 
+ 1 . 9 0  + 2 . 0 0  

O' 77 

O" 20 
0.80 
1 "60 
2"15 
3"10 

1 - -  3 . 7 8 g  

- -1 .3  
- -0 .8  
+ 1 . 3  

3-4 
5"5 

+7"6  

(b) " Z w I D  

Z,/D 

O" 37 

0.434 
0.418 
0-348 
0.282 
0.218 
0.156 

0" 57 

0.633 
0.618 
0-548 
0.481 
0"418 
0-354 

0'  77 

0.831 
0.817 
0.750 
0.679 
0.616 
0 '552 

(c) Zl D 

ZdD 

0.37 0.57 0-77 

+0 .437  
0.415 
0.307 
0-199 

+0-090 
--0"018 

0.636 
0.615 
0.507 
0-398 
0.290 
0.180 

0.834 
0.814 
0-709 
0.596 
0-488 
0.378 

--1 '3 
+1  "3 

3"4 
5"5 

+7"6  

3.4 
5.5 
7"6 

(d) 

C25 

Trim 

--0.040 
+0-178  

0-396 
0-626 

+0 .836  

0.414 
0.665 
0-896 

O" 37 

0"20 
0"45 
0"55 
0-55 
0"45 

1 "00 
1.15 
0-85 

Z,/D 

0"57 

0-1 
0.35 
0.60 
1.0 
0.8 

0"98 
1 . 5 0  
1 . 6 0  

0"77 

m 

0.15 
0-30 
0.45 
0.60 

0-40 
0.75 
1"10 

5.5 0.692 1.55 1-9 0.95 
7.6 0.939 1.30 2.2 1-40 

0.40 
0.85 
1-6 
2.35 
2.80 

--1 "3 
+ 1 . 3  

3.4 
5-5 

+ 7 - 6  

0"90 
1 "60 
2"00 
1 "95 
1 ' 70 

--0 .058 
+0 .235  

0.482 
0-731 

+0 .979  
1-25  
1.80 

(e) b 

ZdD 
To 

0-37 0-87 0.77 

0.005 
0.025 
0.065 
0.080 
0.090 

0-095 
0"13 
0.155 

0-170 
0-215 

0.035 
0.070 
0-130 
0.220 
0.260 

0.000 
0.000 
0.000 
0-025 
0.065 

0.00 
0-05 
0.09 

0"06 
0-111 

0"00 
0"00 
0-03 
0"06 
0.11 

0'0 
0"0 
0"0 
0"0 

0.0 
0.00 
0.02 

0.0 
0-03 

0-00 
0.04 

0.12 

O" 25 

0"37 

0"50 
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T A B L E  8 

Effects of Slipstream on Mean Downwash and Velocity at Tailplane 

C o n t r a - r o t a t i n g  P rope l l e r s  

L o w  wing w i th  flaps d o w n  W i n g - b o d y  angle  0 deg 1 = 3 .785  
D e e p  r ea r  b o d y  

(a) e a t  T o = 0  

--2.55 
--0.45 
+1.65 

3.75 
5.85 

+7.95 

CL 
Trim 

0,513 
0"727 
0-967 
1.135 
1.333 
1.536 

(b) Z w / D  ._ 

ZdD 
I 

0.06 I 0"16 0.46 

--2.55 
--0'45 
+1.65 

3.75 
5.85 

+7.95 

0.648 
0.587 
0.529 
0.472 
0.400 
0.300 

0"745 
0"685 
0'626 
0"569 
0'500 
0"400 

0"06 

1" 75 
2"25 
2"75 
3"75 

ZdD 

"/ O- 16 

2-20 
2"70 
3"10 
3"90 
5"10 
5'85 

0"46 

3"60 
4"45 
5"20 
6"15 
6"85 

(d) 
ZdD 

--2-55 
--0.45 
+1.65 

3.75 
5.85 

+7.95 

--0.45 
+1.65  

3.75 
5.85 

+7.95 

1 "65 
3"75 
5'85 
7"95 

1 "65 
3"75 
5"85 
7"95 

1.045 
0.985 
0.926 
0.869 
0.800 
0.700 

(Q Z/D 

ZdD 

0"06 0" 16 0"46 

+0.192 
+O.084 
--0-023 
--0-130 
-='0.240 
--0.348 

+0.289 
+0.182 
+0.074 
--0.033 
--0.140 
--0.248 

0.589 
0.482 
0.374 
0.267 
0.160 
0.052 

CZ . 
Trim 

0.587 
0.823 
1.056 
1"251 
1"451 
1.662 

0"892 
t-135 
1"347 
1"559 
1"769 

1"187 
1"404 
1"623 
1"846 

1"254 
1"443 
1'696 
1"923 

0"06 

0"80 
0"50 
0"90 
0"90 

1"10 
1 "15 
1 .50  

1 "65 
1 "85 

1 "70 
2.10 

0"16 

0"30 
0"55 
0"60 
0"80 
0"55 
0"60 

0.65 
1 "05 

I 1.25 
1.25 
1.25 

1 "20 
1 "65 
1 "45 
1 "80 

1 "50 
1-95 
1 "55 
1 "85 

0"46 

0"15 
0"45 
0-30 
0.60 

0"80 
0"70 
0"95 

0"90 
1.15 

1 .00  
1-40 

(e) b 

ZdD 
To 

0.06 0.46 

0 
0 
0.010 
0.030 

0 
0.020 
0.045 

0.020 
0.055 

0.020 
0"060 

0"16 

0-010 
0.010 
0.010 
0.030 
0.040 
0.025 

0.020 
0.030 
0.040 
0.055 
0.050 

0.030 
0.060 
0.060 
0.070 

0. 025 
0.060 
0.080 
0.090 

0 
0 
0 
O. 005 

0 
0 
O" 020 

0 
O. 035 

O. 020 
O. 045 

0"12 

0"25 

0'37 

0.50 

19 



TABLE 9 

Mid-wing with flaps down 

Effect of slipstream on Mean Downwash and Velocity at Tailplane . . . .  

Contra-rotating Propellers 

Wing-body angle 0 deg 
Deep rear body 

(a) s a t T , = O  

I = 3.78~ 

--5"7 
- -3 .6  
- -1 .5  
+ 0 . 6  
+ 2 , 7  

CL 
Trim 

0.203 
0.409 
0.612 
0.835 
1.037 

0"10 

2" 30 
2"80 
3 '80  
4"60 
5"40 

ZdD 

0"30 

2"20 
2-40 
3.00 
4.30 
4" 90 

(b) Zw/D 

¢x 

--3"6 
--1"5 
+0.6 
+ 2 . 7  

0:1 

0.706 
0.650 
0.598 
0.542 

tD 

0.3 

0-906 
0.850 
0.798 
0-742 

(c) Z/D 

Z,/D 

0-1 0.3 

+0 .284  0.484 
0.171 0.377 

+0" 069 0.270 
--0.038 0.162 

(d) As 

--3"6 
--1 "5 
+0"6  
+2"7  

--1-5 
+ 0 . 6  
+ 2 - 7  

0.6 
2.7 

0.6 
2.7 

C£ 
Trim 

0-481 
0.698 
0.930 
1.168 

0.772 
1.013 
1.248 

1.092 
1.312 

1" 143 
1. 391 

0.1 

0.60 
0.70 
0.90 

• 1.15 

1.10 
1 - 5 0  
1-90 

2.30 
2.40 

2.60 
2-90 

Z,/D 

0-3 

0 '30  
0"50 
0.40 
0"80 

0"90 
0-80 
1-30 

1 "20 
1 "50 

1 "70 
2"00 

(e) b 

0.1 

0 
0 
0 
0.020 

0 
O" 005 
O" 030 

O. 005 
O. 040 

0-010 
O. 045 

Z ID 

0.3 

0 
0 
0 
0 

0 
0 . 0 1 5  
0 

O. 025 
0 .0 t0  

O. 020 
O. 005 

To 

0 '12 

0"25 

0" 37 

0.50 
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(deg) 

--1 "3 

+0.25 
1.3 

2.35 
3-4 

4"45 
5"5 

6"55 
7"55 

+ 8 . 6  

(a) 

TABLE 10 

Lift and Pitching-Moment "Coefficients Without 
Tailplane, without Flaps. Deep Rear Body 

Single Rotating Propellers 

(b) Low wing 
Wing-body angle 0 deg 
I = 3 . 7 8 ~  

Low wing 
Wing-body angle 0 deg 
1 = 4.41g 

T~ 

0 
0.37 
0-50 
0 
0 
0.37 
0-5 
0 
0 
0-37 
0.5 
0 
0 
0.37 
0"5 
0 
0 
0.37 
0.5 
0 

C~ C~ Trim 

--0"024 --0.036 
- -0 .057 - -0 .072 
--0.064 --0-080 
+0"115 +0"109 

0"195 0"193 
0"229 0"224 
0"235 0.229 
0.293 0"295 
0.380 0-385 
0.472 0.474 
0.497 0.498 
0.482 0.490 
0.581 0.592 
0.723 0.730 
0.758 0.763 
0"675 0.688 
0.767 0.782 
0.965 +0 .976  
1.015 - -1 .024 

+0 .846  +0 .865  

Cm (deg) To 

--0.0464 - -1 .3  0 
--0-0574 0-37 
--0.0626 0.5 
--0-0214 + 0 . 2 5  0 
--0.0059 1 . 3  0 
--0-0172 0-37 
--0.0222 0.5 
+0-0091 2.35 0 

0.0202 3.4 0 
0.0074 0"37 
0.0021 0-5 
0.0307 4.45 0 
0.0404 5.5 0 
0.0246 0-37 
0.0182 , 0-5 
0.0493 6.55 0 
0.0581 7.55 0 
0.0422 0.37 
0.0340 0-5 

+0.0704 + 8 . 6  0 
\ 

CL Cz Trim 

--0 .020 - -0 .030 
--0.052 --0.065 
--0-060 --0.074 
+0.111 +0 .106  

0.201 0.199 
0.234 0-229 
0.247 0.241 
0.288 0.290 
0.382 0.386 
0"471 0-472 
0.494 0.493 
0.475 0.482 
0.577 0.586 
0.723 0-728 
0-759 0.762 
0.673 0-684 
0.765 0.778 
0-957 0-966 
1-008 1.015 

+0-849 +0-866 

Note • CL includes component of propeller thrust 
C. excludes the moment of the thrust 

Cm 

--0.0437 
--0.0563 
--0.0623 
--0.0214 
--0.0075 
--0.0210 
--0.0268 
+0.0083 
+0-0194 
+0"0029 
--0"0028 
+0"0310 

0-0382 
0.0219 
0.0130 
0"0465 
0-0588 
0.0394 
0.0306 

+0"0730 
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T A B L E  1 t 

Effect of Slipstream on Mean Downwash and Velocity at Tailplane 

Single R o t a t i n g  Propel lers  

L o w  w i n g  W i n g - b o d y  angle  0 deg l ----- 3.78c; 

(a) e d e g a t T ~ = 0  

o¢ 
(deg) 

--1-3 
+0.25 

1.3 
2,35 
3.4 
4.45 
5.5 
6.55 
7.55 

+8.6  

Cz Trim 

--0.036 
+0.109 

0.193 
0.295 
0.385 
0.490 
0.592 
0.688 
0.782 

+0,865 

0.16 

0.55 
0.8 
!.1 
1.45 
1.85 
2.45 
2.95 
3.45 
4.0 
3.8 

0.31 

--0.55 
--0.05 
+0.25 

0.65 
1.05 
1.3 
1.6 
2.15 
2.4 

+2 .5  

ZdD 

0-46 

0.65 
1.2 
1.5 
1.85 
2.25 
2"55 
3.0 
3-6 
3"9 
4"15 

0.61 

1.4 
1.8 
2.15 
2.55 
2"75 
3.25 
3.45 
3.9 
4"45 
4"95 

(b) Zw/D 

ZdD 
o¢ 

(deg) 0.16 0.31 0.46 0.61 

--1.3 
+1 "3 

3"4 
5.5 

+7.55 

0"219 
0.138 
0.075 
0.014 

--0.047 

0.369 
0.288 
0-224 
0.164 
0.102 

0.519 
01438 
0.374 
0.313 
0"251 

0.669 
0.588 
0.524 
0.462 
0-399 

Zw[D (c) 

Z tD 
o¢ 

(deg) O. 16 O. 31 O. 46 O. 61 

--1.3 
+1--3 

3.4 

5-5 I +7.55 

+0.058 
0.037 
0.020 

+0.004 
--0.012 

0.098 
0-076 
0.059 
0.043 
0-027 

0-137 
0.116 
0.099 
0.083 
0.066 

0.177 
0.156 
0.139 
0.122 
0-106 

g2 



TABLE l l--continued 

(d) Aedeg 

(deg) 

- -1 .3  
+ 1 . 3  

3.4 
5"5 

+7-55  

- -1 .3  
+1.3 

3"4 
5"5 

+ 7 . 5 5  

C/., 
Trim 

--0.072 
+0 .224  

0.474 
0.730 

+0 .976  

--0.080 
--0.229 
--0.498 
--0.763 
- - I . 024  

0"16 

1-45 
1 .45  
0-95 
0-5 
0.1 

2.0 
1.65 
1 .15  
0.6 
0.25 

0"31 

1"0 
1 "45 
1 "55 
1"7 
1"3 

1 "45 
1"9 
2.0 
2"2 
1 "85 

Z,/D 

0"46 

0.3 
0-95 
1-5 
1 "95 
1.95 

0.65 
1"4 
2"1 
2"55 
2"6 

0.61 

0.2 
0.45 
0.95 
1.6 
1.8 

0.4 
0.85 
1.55 
2.25 
2.45 

To  

0"37 

0.5 

l 
(e) d~ deg~ 

(deg) 

--1 "3 
+1  "3 

3.4 
5"5 

+7 .55  

- -1 .3  
+ 1 . 3  

3.4 
5"5 

+7"55 

eL 
Trim 

--0"072 
+0 .224  

0.474 
0"730 

+0 .976  

--0.080 
--0.229 
--0.498 
--0.763 
--1.024 

0"16 

5.48 
5.48 
3"59 
1"89 
0"38 

7"56 
6"24 
4"35 
2"27 
0"94 

0"31 

3 '78  
5"48 
5"86 
6"43 
4"91 

5-48 
7"18 
7"56 
8"32 
7"00 

Z,/D 

0 '46 

1 .13  
3.59 
5.67 
7.37 
7.37 

2.46 
5.29 
7-94 
9.65 
9.83 

0'61 

0"76 
1 "71 
3.59 
6"05 
6"81 

1-51 
3"21 
5"86 
8"51 
9"26 

To 

0"37 

0-5 

(f) b 

¢¢ 
(deg) 

- -1 .3  
+1-3 

3"4 
5-5 

+ 7 . 5 5  

- -1 .3  
+1.3 

3.4 
5"5 

+ 7 . 5 5  

CL 
Trim 

--0.072 
+0 .224  

0.474 
0-730 

+0 .976  

--0.080 
--0.229 
--0.498 
--0.763 
--1-024 

0"16 

0-104 
0"189 
0"271 
0"229 
0"194 

0"125 
0"225 
0"326 
0"314 
0"292 

0"31 

0"029 
0"074 
0"162 
0"227 
0"261 

O" 052 
0"112 
0"217 
O" 284 
O" 329 

Z,/D 

0"46 

0.010 
O. 005 
O. 054 
O. 148 
O. 185 

0.013 
O. 022 
O. 090 
0.198 
O. 232 

0.61 

0.0 
0.0 
0.013 
O. 044 
O- 093 

O. 001 
0.010 
0.046 
0.069 
0.117 

T~ 

0"37 

0.5 
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(deg) 

- -1-3  
+0 .25  

1.3 
2.35 
3-4 
4.45 
5.5 
6-55 
7.55 

+8.6 

TABLE i2 

Effect of Slipstream on Mean Downwash and Velocity at Tailplane 
Single Rotating Propellers 

Low wing Wing-body angle 0 deg l = 4.41 

(a) e d e g a t T o =  0 (d) Aedeg 

CL 
Trim 

--0.030 
+0 .106  

0.199 
0-290 
0.386 
0.482 
0,586 
0-684 
0.718 

+0.866 

0"46 

0"15 
0"8 
1.2 
1 "65 
2-05 
2 '55 
3"15 
3-6 
3"8 
4.2 

Z,/D 
oL 

0.61 (deg) 

0.9 - -1 .3  
1.5  + 1 . 3  
1-9 3.4 
2.45 5.5 
2.80 +7 .55  
3.15 
3.6 - -1 .3  
4.35 + 1 - 3  
4.8 3.4 
5.4 5.5 

+7-55  

CL 
Trim 

0-065 
+0.229 

0.472 
0.728 

+0.996 

--0-074 
+0.241 

0.493 
0-762 

+1.015 

0"46 

0"45 
1-1 
1 "65 
1"6 
1.65 

I 0"7 
1"5 
2"2 
2"15 
2"15 

Z/D 

0"61 

0"25 
0"65 
1"0 
1"6 
1"6 

0-4 
0.9 
1"4 
2.15 
2"2 

T~ 

0"37 

0-5 

(b) Zw/D (e) 
1 

A e deg X - 
c 

(deg) 

--1 "3 
+1.3 

3"4 
5"5 

+7 .55  

Z,/D 

0-46 

0.534 
0.435 
0.354 
0.278 
0.203 

0"61 

0 . 6 8 4  
0.585 
0.504 
0.427 
0.351 

C¢ 
(deg) 

- -1 .3  
+ 1 - 3  

3"4 
5"5 

+7-  55 

- -1 .3  
+ 1 . 3  

3.4 
5.5 

+7 .55  

CL 
Trim 

--0.065 
+0.229 

0-472 
0.728 

+0.966 

--0.074 
+0.247 

0.493 
0.762 

+1.015 

0"46 

1 "98 
4"85 
7.28 
7"06 
7.28 

3"09 
6" 62 
9"70 
9"48 
9"48 

ZdD 

0"61 

1"10 
2"87 
4.41 
7.06 
7.06 

1" 76 
3"97 
6"18 
9"48 
9"70 

To 

0.37 

0.5 

Zw/D (c) z/e 
(f) b 

(deg) 

- -1 .3  
+1 .3  

3.4 
5.5 

+7.55 

Z,/D 

0.46 

0-121 
0.099 
0-080 
0-063 
0.046 

0.61 

0.155 
0.133 
0.114 
0.097 
0.080 

c¢ 
(deg) 

- -1 .3  
+ 1 . 3  

3.4 
5.5 
7.55 

- -1-3  
+1.3  

3"4 
5"5 

+7 .55  

CL 
Trim 

--0.065 
+0-229 

0.472 
0.728 

+0 .966  

--0"074 
+0"247 

0-493 
0"762 

+1"015 

0.46 

0 
0.011 
0.063 
0.152 
0.245 

0 
0-032 
0"100 
0.210 
0"304 

ID 

0"61 

0 
0"006 
0"020 
0"077 
0-113 

0 
0" 006 
0" 057 
0" 118 
0" 183 

To 

0"37 

0.5 
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