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SUMMARY 

Previous tests on exhaust interference without slipstream have been 
extended to include the effects of propeller both with and without 
exhausts.  The tests covered a range of three up-and-down positions of 
the naoelle with two settings of thrust line to chord line. 

Exoept at high Cg, (above 0.8) slipstream has little effect on 
exhaust interference, apart from that for exhausts in the highest 
position tested where there is an increase in interference drag 
equivalent to 2Qo to 30^ of the exhaust thrust.  At Cj, = 0.9 the 
interference for lower exhaust positions is inoreased by some 2C;.> thrust. 

The effeot of exhausts is .mull  compared with that of the propeller 
slipstream.  As the propeller is lowered relative to the wing, the 
slipstream interference increases rapidly.  With the propeller 13.- chord 
below the ohord line the interference is 50 lb. at 100 f.p.s. per 
naoelle for an engine power of 800 B.H.P. at CL = 0.8.  Allowing for 
soalc effect up to a Reynolds number fifteen times the model value, it 
is estimated that some 6o£ of £his effeot will remain. 
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Introduction 

> 

I 

The program»? of teste described in P^rt I   of this report, 
concerning the interference effeot3 of a line of exhausts on • nacelle 
installed on a wing at fairly high CL, haj beer, extended here to 
include the effoots of propeller slipstream both with and v/ithcut 
exhausts,      Sinoe the previous tests indicated that the fore-and-aft 
position of the power plant was a sooondary variable, a range of 
up-and-down positions only was tested.      A further variable was 
introduced by having available tv/o different setvings of the propeller 
thrust line to the •..-ing chord. 

2     Description of Ai-naratus 

2.1    Qcnor-J. 

The *rS scale model -.vine ui.u nacelle» uc-'c. './ore the same as in 
Part I,  apart from the modifications to the pov/er plant necessitated 
by fitting the propeller.      The previous compli<'ation of providing 
airflow round the exhausts to represent flame dxqoing -.vas dispensed with, 
the intake in the nose of the power plan'; beim;   ••ancved and replaced by 
a fairing. 

:J nacelles, "A" meaning 
tests were confined to 

. position ll3,,.      Two 
ibla with each nacelle 
;y compressed air 

Provision was made 
Jiglc from the previous 
r of the power plant. 

The same notation has been used to define ti, 
midwing,  "ilM semi-dropped :ind "C" dropped.      The 
the roar position of the fore-and-aft ran^e,  ."_.j 
up-and-down position? of the oxhauuts were avail 
arrangeiiiont.      The c::hau3t flow was raproaoofe "i 
fed into the model through the end cf the wing, 
for altering the thrust line to wing chord 11M 
-5° to 0°, by the insertion of a -..-edge at the re 

Model details -ire given in Table 1. 

2.2   Propeller Inotf.llation 

A general orran/;ejn. nt dra-./ing showii^- the installation of the 
6 H.P. eleotrio motor is given in Pig.  1.      A Ij.-gcr motor would have 
been on advantage but 6 H.F. v/as the mosv   •hi':', could be accommodated 
in the nacelle.      la order to fit the nrc^ » 11 wu3 neoessary to reduce 
the sise cf the exhaust manifolds. 

The motor war pivoted freely inside   . oaae attached to the model. 
The propeller torque was measured on an auxiliary balanoe on the 
tunnel roof, from which a wire led tc an xtm r.tvehed to the rear of 
tiie motor .-And projecting outside the model.      Adjustable stops 
connected to warning light? on the balance woio fitted to oontrol the 
range of movement of the torque arm.      Thi;; v/as uone to avoid changes 
in torque zero oaused oy the oufc-of-balaiicj mc.nent of the motor.      The 
setting found to be most convenient gave :.bout 0.1 in.  movement of the 
end of the torque arm (9 ins.  long).      Meroury oups v/ere fitted in the 
model to avoid any constraint upon the motor bv the current leads. 
The current was fed into the model through the liability weight wires 
which './ere led into mercury cups outside the tuaiel. 

Details of the propeller are given in Pig. 2. 

3      Tests 

3.1   Calibrations 

The exhaust thrust calibration dosoribed in Port I (made on nacelle 

- 3 - 
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clone at sere v/lnd speed) ^7as ropoatod because of the modification to 
the exhaust manifolds. 

A calibration of the propeller ocrapriaing thrust and torqus 
measurements was also made on the nacelle   rithcnit -.ring. 

3.2    Int-rfer-nce 

The main t03ts MM mode at a vrind speed of 120 ft./seo.      For 
the most part they -./ere limited to two incidence.", corresponding to 
CL of roughly 0.7 and 0.?.      :.t •.".ch incidence measurements ware made 
v.dth :jid vithout exhaust flew,  and with and without propeller.      Ono 
propeller pitch setting enly -.ras used, 30° at 0.7 radius. 

The measurements made fcr each oondition -..\.rj:- 

II) Uft 
2) Drag 
3) Pressure drop HNM orifice plate  (exhaust supply) 
U r?tatlo presauro before orifice plate 
5) Exhaust total hc?xl in manifolds 
6) Exhaust total temperature 
7) Propeller torque 
8) Propeller rotational speed 

The various propelloj>-naoelle-exhaust combinations tested arc 
listed in the following table and illustrated in i<lg. 2. 

Nacelle "ichauot Position 
Thruat line aotting to 

-./ing chord 

4K-5) 
A3 (0) 
A3 (- 5) 

B3 (-5) 

03 (-5) 
03 (0) 

high 
high 
iO',7 

high 

high 
high 

OC 
-5° 

-? 

0° 

Analyr-ic 

As in Part I an ideal exhaust thrujt tj, four.d from the thrust 
measured on the nacelle alone at zero v/ind speed, has been used. 
Similarly an ideal propeller thruat, Tj (power absorbed divided by 
forward apeed) has been defined.  The reason fcr the use of Tj rather 
than the normal power or torque coefficient is merely for convenience 
in the analysis.  Prom these ideal thrusts a series of efficiencies 
and interference drags arc defined as follows:- 

(a) Exhauat efficiency = 
(Drag of wing + nacelle + propeller without exhausts 
- drag of Wig*  nacelle + propeller with exhaust flow*) 

* H 
läxhauat interference drag = 
*I -  (Drag of wing + nacelle + propeller without exhaust 
- drag of wing + nacelle + propeller with exhaust flow at 

the MM lift).  

. 

The iixwdiato res:ilts fnn the tunnel arc g£vcn at constant incidence 
!>ul the final results are corrected to constant lift. 

-A - 
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(b) Propeller net efficiency = 
(Drag of wing T nacelle - drag of wing + nacelle with 
propeller operating*) «J- Tj 

Propeller interference drag = 
Thrust of propeller measured en naoelle alone at given power - 
(Drag of wing + naoelle - drag of wing + naoelle at the same 
lift with propeller operating at the sane power) 

nacelle with cxhjust 
(0) Overall net efficiency = 

(Drag of -.ring + nacelle - drag of wing 
flew and propeller operating*) -~-  Tj_ + tj 

(d) Propeller propulsive efficiency = 
(Dra^ of -,/ing - dr^g of v/ing + nuoelle at the same lift with 
propeller oporuting) i Xj 

Naoelle + propeller interference drag = 
Thrust of propeller measured en naoelle alone at given 
power - (drag of -.zing - driig of \r±n£  + nacelle at the same 
lift -..dth propeller operating at the sano power) 

(e) Overall propulsive efficiency = 
(Drug of wing - drag of -.Ting + ivioelle at tho same lift -.vith 
exhaust flow and propeller operating) *• Tj. + tj 

Naoelle + propeller + exhavmt interference drag = 
Thrust of propeller measured on naoelle alone + tj for given 
power - (drag of wing - drag of .ving + naoelle at the same 
lift -..'ith exhaust flow and propeller operating at the same 
power) 

The measured efficiencies have been corrected to propulsive 
efficiencies on a four-engined aircraft of aspeot ratio 10.  The 
convenient result of the exhaust efficiency being independent of exhaust 
fchnu-t, as found in Part I,  no longer holds with slipstream, and analysis 
h •-;•. therefore been oonfined to obtaining the exhaust efficiency at 
definite values of engine power. 

The oorrootions are the .-,.- ime as in Part I, with tho addition of 
oorroction3 due to the propeller lift changes.  The propeller lift 
change h'13 been split into three parts oaused by:- 

(1) the increased velooit;- in the slipstream, 

(2) the propeller side foxoe*t 

(3) tho propeller thrust oomponent. 

The slipstream lift increment (after being corrooted for change in 
•."int; aspect ratio in the slipstream from model to full scaled) has been 
added to the naoelle lift ohango.  The other two components of the 
propeller lift change have been added to tho total lift change to find 
the change of .ri.ii; induced drag.  As with tho n.-.  11 • induced drag, 
the alipstrouu induced dr -,: has been assumed to be the same on the 
aircraft as on the infinite aspect ratio wing. 

The immediate results from the tunnel are given at constant incidence 
but the final results arc corrected to constant lift. 

5 - 
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5 Duflrce of Accuracy 

vith tho experimental arrangement used it ij diffioult to attain 
a high degree ofaccuracy because of the largo drag of the wing itself. 
In general the drag readings are accurate to +2 lb. full scale at 
100 f.p. a.      The propeller efficiencies are tiürofore subject to an 
error of roughly • !>•»    and the exhaust efficiencies to _+ IQJ.      This 
meant! further that there is a possible error of _v 8 lb. in the final 
values cf interference drag. 

6 Results and Discussion ••»•———^—————— 

6.1 Fr-.-entation of Ke.sults 

The measurements are tabulated in Tablss 2, 3, 4.  In Pig. 4 
ocntours of constant net overall efficiency are plotted.  Prom these 
tho over-dl thrust efficiency of the slipstream-exhaust combination can 
be read off, for any valuer: of propeller and exhuust thrust, for each 
of the fix nacelle arrangements tested, and at either of the two C^ 
values. 

»ore detailed analysis is contained in Table 5 and Figs. 5-9» 
where values of the separate efficiencies and corresponding interference 
drags are given; and plotted against the height relative to wing chord 
of exhausts, nacelle, or propeller, whichever is appropriate. 

Results for nacelle 03, ibr whioh case a bigger range of Cj, was 
used, are plotted against c£ in Pigs. 10 and 11. 

6.2 Exhaust Efficiency 

The main result (Fig. 5) is the drop of 20, J - 3Q*> in efficiency, 
for exhausts -./oil above the vdng, compared with the results without 
propeller, v/hioh give no interference in this position.  The effect 
may be caused by the rotation of the slipstream oarrying the exhaust 
on one side of the iiacelle down into a less favourable position.  In 
terms of interference drag the loss i3 equivalent to 3 or 4 lb. at 
100 ft./seo. per nacelle, at a CL of 0.8 and en engine power of 800 B.H.P. 

For lower exhaust positions the effect of the propeller is 
appreciable only ;it the higher incidence.  Pig. 11, where the results 
for nacelle 03 are plotted against CL, emphasises this effect. 

&»3   Propeller Efficiency 

The propeller net efficiency as a function of J is given in Table 4 
ü3 the net overall efficiency v/ith zero exhaust flow.  Taking the 
particular condition of 800 B.'i.P. (per engine) on a four engined 
aircraft, whose particulars are given in Table 1, Pig. 6  shows the 
propulsive efficiency (i.e. taking into account also the nacelle drag) 
as a function of nacelle height relative to the wing chord leading 
edgo (see Pig. 2 for illustration of this parameter).  The high 
efficiencies of 75- 80,0 for central or partly dropped nacelles 
indicate that at high OL the slipstream is mostly carried dear over 
the top of the wing, whioh is therefore relatively free from inter- 
ference drag.  Vfith tho thrust line 5° down to wing ohord a rapid fall 
in efficiency is found v/hon the nacelle is dropped more than 10^ ohord, 
tho slipstream being then carried into the wing.  By tipping up the 
nose of the power ilant through 5°, from the engine bulkhead forward 
(see Pig. 2), this decrease is avoided within the range of naoelle 
heights investigated, as Pig. 6 ohovra. 

- 6 - 
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Tho.<tu rusulta are interpreted in terms of interference drag in 
the curvej of Fig. 7. 

For the nacelle C3 (-5), dropped l6,o ohord belcw central (fig. 2), 
the intcrforanoc drag at cj, = 0.8 i3 about 50 lb. full scale at 
100 ft./j-fl. fnr an engine power of 800 B.H.F.  The effeot is therefore 
much larger than the observed changes in inter.";r-nce drag of the 
exhausts.  Allowing for scale offeot up to a Reynolds number fifteen 
tim-a the model vulue, it is estimated th^t th. propeller interference 
would be reduced to about 6Q,J of the abc\.- value.  By tipping up the 
front of the nuoclle through 3°  (thereby ii.i3i.it, the propeller a 
di.-.tanoe equal to kh°  01* ü"-*-' ohord) tl.e liAwtW  ooe on the model is 
reduced t" zero. 

The result:; suggest that the vortical. nosiwon of the propeller 
i3 the mo3t important variable in d-termi-J.ng the degree of interferenc. 
Tc check tills, the interference drap ia shewn in Pig. 8 plotted against 
di.itunoe of the propeller centre DCIOW the projected -.ving chord (seo 
Pig. 2 for illustration of the parameter).  'or this purpose the 
propeller interference .U.one (i. a. excluding cha-gos of nacelle drag) 
is plotted.  Within the experimental accuracy.- it is conceivable that 
the points at a given CL lie on a single curve, independently of the 
inclination of the thrust line.  The results are net conclusive, 
howuvor, and it is probable that a separate effect of thrust line 
inclination exists. 

. Frciu Fir;. 6 it seems that the optimum position of the nacelle with 
inclined tlirust line i3 about %'o  dropped if designing for a CL of 0.9, 
and oentrr.l if designing for a C^ of 0.7.  For lower values of CL, 
still higher nacelle positions v/ould be required", to ensure the slip- 
stream being carried over the wing.  Alternatively the lower positions 
tested might then be suitable for directing ih slipstream under the 
«lag.  Tig. 10, giving results for naocllo 03 (lov/est position) over 
an extended CL range, shows that below OL = 0./: the effect of tipping 
up the nacelle nose disappears.  A fuller series of tests is required 
before ooourate conclusions oan be drawn.  We ma;- note that the 
interference offeot3 at lower OL values wiJl ir general be of smaller 
magnitude on account of both the reduced circulation and also a smaller 
slipstream velocity factor. 

6.4 Overall Efficiency 

The overall effect of nacelle, propeller and exhaust, at constant 
lift on a four-engined aircraft, is given M aii efficiency in Table 5, 
and plotted as interference dreg against naoel."".e height in Fig. 9. 
The optimum heights suggested in the previous parigraph are little 
affected by addition of the exhaurt interference (o.f. Figs. 7 and 9). 

7  Coiclusiono 

7.1 Exte.uat Interference 

For the highest exhaust position tested (central nacelle),   the 
exhaust efficiency (i.e.  the ratio of exhaust tu'.i3t realised to the 
ii  J thrust obtained on a nacelle without wing) is decreased by 
20-30/J by a representative slipstream at a lift coefficient    of about 
0.8.      Tliis ir equivalent to an interference drag of 3-A, lb. at 100 
ft./soo.  for an engine power "f 800 B.H.P.      At CL " 0.9 the effect is 
appreciable over the whole range of nacelle heights tested. 

7.2 Propeller Intcrfereiice .   . 

The interference effects of the exhaust flow arc small oomparcd 

- 7- 
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Table I 

Model Details 

(Dimensions arc full scale) 

itodel Socle 1:5 

Uing: 
Span 
Chora 
Area 
Section 

Nacelles :- 
tfoxi.jiura Diameter 
Distance of nacelle 

Distance of nacelle 

g below ohord 1. 

nose ahead wing 

e. 

1. 

A 
i 
0 

Propellur:- 
' Diameter 
Numb ...i* of blades 
Solidity at 0.7 radius 
Pitch setting at 0.7 radius 
;oigie between thrust line and wins chord 
Heijit of thrust line above power plr-nt £ 
Distance of propeller fi ahead, winp I.e. 

Exhausts:- 
Total exit area 
Distance of exhaust fi above chord l.r.  for 

hi,-;h exhauat position A 
B 
C 

Height difference between high ">nd lo>; exhuist 
positions 

Distance of re.-a* exhaust exit ahead viag !••• 

Assumed Characteristics of Four-enj-ined Aircraft:- 
\7ing area 
Aspcot ratio 
Wing loading 
Exhaust exit area (manifolds) 

57.58 ft. 
12.17 ft. 

700.5 sq.ft. 
NAC* 2420 

55.8 ins. 
0 
7.2;.' chord 

lo.A/j chord 
65,4/0 chord 

13.5 ft. 
4 
0.126 

0° and -5° 
7.6,o ohord 

52.5^. ohord 

40.5 sq. ins. 

12.0,0 ohord 
4.8/0 ohord 

-4.4; ° chord 

7.5r" ohord 
10.3/j ohord 

1400 sq.ft. 
10 
45 lb./sq.ft. 
25 sq.ins. 

VPHNMi 

. 
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»-««Mar nalibraticr, -n N*oell* Alone 

Tunnel 

f.p.s. 

Propeller 
J 

kn 

80 

1.470 
1.4-33 
1.356 
1.361 
1.330 
1.299 
1.266 
1.234 
1.207 
1.168 
1.144 

1.151 
1.119 
1.083 
1.C4S 
1.021 
0.995 

0.00502 
0.00632 
O.OO79O 
0.00959 
0.01232 
0.01297 
0.01479 
O.OI669 
0.01795 
0.01976 
0.02065 

0.0194 
O.0216 
0.0228 
0.0229 
0.0243 
O.O252 

O.OO216 
O.OO9O3 
O.OI069 
0.0204-5 
0.04.02 
0.04-54. 
0.054-6 
0.0615 
0.0713 
0.086} 
0.083V 

0.0806 
0.0930 
0.1013 
O.IO56 
0.1164 
0.1205 

Ide 
propeller 
thrust 
lb.  f.s. 
at 
IOO f.p.s. 

..101 
C.526 
O.469 
0.643 
0.693 
0.723 
0.743 
0.724. 
O.762 
0.818 
0.730 

0.762 
0.767 
0.767 
0.769 
0.764 
0.756 

4.3.I 
58.6 
79.2 

103.7 
142.9 
161.5 
198.8 
242.2 
278.4 
337.8 
376.2 

346.6 
419.0 
489.8 
537.7 
635.0 
697-2 

Table III 

T.lft and Er*°; for '.fing Alone 
Tunnel speed 120 f.p.s. 

Drag 
lb.f.s.  at 100 
f.p.s. LÜ 

•0.4 

0.086 

125.5 

0.5 

0.188 

132.8 

1 1.5 

0.291 

141.2 

2.6 

0.394 

1+9.3 

10 

3.65 

0.4-94 
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TaalJ r/ 

Results for I'.ua-jllvr in   .inn   gth ^nd YTitlicut i'ropuller tjti jSch.-.usts 

Tunn.l Spued 12C f.p.s. 

noau*i liciaured .i. i.'Urod ia~-ai 'Ideal Irc- EEMMI Net 
':<)  -u.-.t Drag Thrust lift Pro- Exhaust .   ller Flow Overall 

position: Change peller Thru::t J >.'•.:•   C. Sffioienpjr 
Thrust 
line 

r 

°L Thruot f.3. 

setting 
to   d.nr lb.  f. 3. at 100 l'.p.2. 
ohord 

A3 5.75 O.692J223.3I       0 0 0 0 it'prop 0 
high 20.9 -17 &.5 0 1.470 0 0.329 
-5° 43.? 83 64.6 27.3 5.3 0.478 

104.8 125 64.1 157.6 14.1 0.473 
157.0 125 200. 4 0 1.283 0 0.783 
275.3 225 199.8 157.9 14.1 0.770 

• 322.1 -58 405.4 0 1.147 0 0.795 
331.5 153 401.6 28.8 5.5 0.770 
385.9 217 391.5 157.6 04.1 0.703 

7.05 0.877 282.6        0 0 0 0 Jfopnp 0 
20.3 300 88.3 0 1.463 0 0.230 
46.3 341 88.3 26.1 5.3 0.405 

169.5 450 86.9 158.3 14.1 O.69O 
I64.6 350 209.3 0 1.293 0 0.788 

,  181.8 433 209.0 27.0 5.4 0.770 
!  273.3 425 207.5 158.8 14.1 O.746 

299.2 492 398.4 0 1.156 0 0.752 
303.7 500 397.4 25.1 5.2 0.719 
377.8 525 386.1 157.3 14.1 O.696 

A3 5.75 0.702 2 JO. 2 0 0 0 0 No prop 0 
low 42.2 50 77.0 0 1.445 0 0.548 
-5° 67.9 108 78.1 27.0 5.3 0.646 

I8I.9 366 77.0 156.9 14.2 0.777 
187.3 92 230.8 •   ' 0 I.269 0 0.811 
203.4 142 225.5 26.5 5.3 O.8O7 
316.2 358 219.9 159.5 14.3 0.833 * 
333.7 183 415.6 0 1.137 0 0.815 
362.3 216 415.2 28.3 5.5 0.818 

• • 463.9 . 358 414.5 157.3 14.2 0.812 

7.85 0.879 280.1 0 0 0 0 r-topixip 0 
41.3 133 87.2 0 1.435 0 0.480 
58.6 200 84.7 25.4 5.2 0.533 " 181.3 392 86.4 160.0 14.3 0.736 

163.9 266 214.2 0 1.269 0 0.765 
191.1 300 217.6 27.2 5.4 0.781 

. 300.0 425 212.6 158.5 14.3 0.309 
310.2 392 398.4 0 1.139 0 0.778 
326.7 433 395.9 27.7 5.4 0.771 
400.6 500 392.1 153.3 14.2 0.728 

oontd. 

' 

- 11 - 
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" 

Table IV (oontd.) 

! / .0.-lie:   :                                       a jjured i."<_ asur-jd Ideal   jldenl      Pro-      iSch-iust Not 
lixhuust Thrust Lift Pro-     Lixhsuct , poller Hoi Overall 
Position: r ..- Change pcller Thrust J lb/soo. Effi- 
Thrust 0° °L Thrust f.3. oioTioy 
lino 
•ottlag 
to v/inß 
ohord 

lb.  f.o.  at 100 f.p«u. 

CJ -0.45 0.063 152.4 0 0 0              0 Ifcprop 0 
hii^i 23.8 -216 57.4 0 1.469 0 O.415 
-50 49.5 -250 57.1 27.5 5.3 0.585 

69.7 -350 55.5 71.0 9.0 0.551 
•   88.6 -375 55.2 106.3 11.3 0.549 

152.6 -216 200.4 0 1.289 0 O.761 
170.1 -275 195.5 28.1 5.3 0.761 
198.8 -383 195.2 74.0 9.1 0.739 
217.9 *417 105.2 105.7 11.2 0.724 
298.5 -318 380.6 0 I.I56 0 0.784 
317.7 -318 384.7 27.8 5.3 0.770 
330.9 -391 385.0 73.3 1 9.1 0.721 
341.1 -44L 382.6 105.9 11.2 0.599 

1.4 0.244 158.3 0 0 0 0 Ifoprop 0 
18.6 75 54.0 0 1.472 0 0.344 
11.& 25 54.0 28.0 5.3 0.412 
58.7 17 50.5 75.3 9.2 O.465 
68.2 17 49.1 108.3 11.3 0.433 
91.7 17 50.5 158.5 14.1 0.439 

142.5 25 I89.8 0 I.298 0 0.750 
154.5 58 182.4 28.5 5.3 0.733 
182.0 0 188.0 76.3 9.2 0.688   I 
197.3 -8 188.0 104.2 11.1 0.675 
212.4 -17 186.7 156.6 34.0 0.61p 
273.5 S 386.0 0 I.I63 0 0.708 
282.1 -8 382.6 28.3 5.3 0.686 
294.8 -17 381.3 75.1 9.2 O.646 
302.1 -42 331.0 109.0 11.4 O.617 
309.8 -67 370.5 157.4 14.1 0.587 

3.6 0.454 181.2 .    0 0 0 0 No prop 0 
24.7 -il> 59.9 0 1.466 0 0.412 

, 47.8 0 56.9 31.3. 5.9 0.538 
66.2 58 55.3 73.6 9.0 0.515 

IO6.9 108 54.5 159.7 14.2 0.493 
123.1 103 54.8 220.3 17.2 0.447 
142.2 -25 195.0 0 1.292 0 0.730 
155.3 17 195.0 27.7 5.2 0.698 
I61.4 50 I89.8 74.1 9.1 O.612 
180.1 92 I88.9 158.0 14.1 0.520 
191.3 92 183.9 220.8 17.2 O.467 
253.2 -17 391.9 0 1.156 0 0.646      ! 
259.1 17 386.8 28.2 5.3 0.621  ; 
265.3 67 379.9 75.7 9.2 0.533 : 
275.8 75 380.2 157.8 14.1 0.513 
287.3           83 377.1 220.3 17.2 0.481 

•• 

oontd. 

- 13 - 
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Tt.ble  IV (oontd.) 

Ifc'näTTi:                                  HH33SHlB«Erori8 ide-rr" E&al    ri-o- Bounax !Tct 

tthMMt Drag Thrust Lift Pro- Sxhuust pcller FlOV/ Overall 

Position: Change peller Thrust J lb/sec. Effi- 

Thrust a° CL Thrust f.s. ciency 

line 
jutting 
tc -./ing' lb. f.l                     .  . 
chord 

C3 5.7 O.659 214. o|     0 0 0 0            I*>]*TJp 0 
high 31.-4 •w 62.6 0 1.466 0 O.502 
_5n 50.5 0 62.3 27.5 5.2 O.562 
(oontd.) 58.3 108 61.3 74.6 9.1 0.429 

69.2 138 60.7 163.9 14.4 O.3O8 
79.9 225 58.8 221.0 17.2 0.286 

109.0 0 194.6 0 1.297 0 Ö.560 
122.9 58 189.0 27.8 5.2 0.567 
125.4 100 1%..6 73.8 9.0 O.468 
140.0 133 192.7 159.0 14.1 0.399 
147. i 250 193.0 221.8 17.2 0.356 
248.4 103 394.3 0     i 1.147 0 O.631 
259.7 108 392.6 28.2 5.3 0.618 
266.6 167 395.7 77.2 9.3 O.564 
274.0 250 331.5 16I.9 14.3 0.505 
301.4 316 391.2 223.9 17.3 0.491 

7.8 0.81,4 249.6 0 0 0 0 No prop 0 
24.5 117 64.7 0 1.481 0 0.379 
57.5 167 62.5 68.9 i 8.6 0.437 
95.7 300 6O.9 165.5 | 14.4 0.423 

• 110.3 392 6O.9 219.8 17.0 0.3S4 
127.7 175 203.3 0     i1.308 0 0.628 
139.3 208 201.7 75.5 9.1 0.503 
152.1 342 201.7 163.9 14.3 0.416 
156.4 383 191.1 218.9 17.0 0.382 
224.4 83 393.0 0     1.153 0 0.571 
243.6 103 391.2 74.2 9.1 0.524 
254.9 242 389.2 166.3 14.5 0.459 
261.0 250 397.7 221.5 17.2 0.422 

C3 5.7 O.656 207.8 0 0 0 0      No prop 0 
high 42.3 108 92.0 0     1.451 0 O.465 
V 61.7 108 91.7 29.1 5.4 0.511 

121.3 275 89.O 7.3 14.1 0.492 
168.4 142 224.6 0       1.283 0 0.749 
187.2 142 222.1 27.6 «5.2 0.750 
245.9 300 221.8 159.6 14.2 O.644 
313.5 233 4IO.3 G        1.150 0 0.763 
336.1 200 410.2 28.7 5.3 O.766 
383.9 358 402.6 159.1 : 14.1 O.692 

7.8 0.346 250.2 0 0 0 0      .Noprop 0 
33.2 158 ?8.5 0      11.449 0 0.337 
4?. 5 142 9%3 26.7 5.2 0.393 

115.7 142 101.2 159.5 14.2 0.443 
172.5 233 243.3 0       1.282 0 0.709 
186.9 208 243.0 23.6  1 5.3 0.688 
237.9 383 239.9 153.2 14.1 0.597 
3OO.9 
316.7 

342 tm'.h 0 
27.1 

1.149 0 
5.2 

O.726 
0.727 

  345.1 408 404.7 161.3 14.3 0.610 

\ 
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r 

T.olo 

Prcuulsive Efficiency JSA Inti_rfore»C'.- Zi-.r, Correct-.d tc 
Con.-- .r.t "Lift" en ycur-cnginod iiircr.i't 

- X5 

-0<;lle: 
xhuust 

i'Oaition: 
CL 

Engine 
Po-./er 
B.H.P. 

Fropulsive 
Efficicnoy Exhaust 

Kffi- 
oi'.noy 

Interfere 
lb. 

«0 draf per n.-.ce'.ia 
f.a. at 100 f.p.a. 

Nooello 
+ 

propeller 

Nacelle 

propeller 

äXhMUStO 

Propeller 
Vhruat line 
.lotting to 
rinc ohord 

No 
exhausts 

V/ith 
2Xh'lU3tS 

A3 
high 
_5o 

0.691 6(1 •: 
1000 
1200 

0.77 
0.78 
0.78 

0.77 
0.78 
O.76 

0.82 
0.79 
0.60 

-3 
-3 
-3 

— "  

0 
2 

12 

-14 
-14 
-14 

0.878 aoo 0.77 0.76 0.64 0 8 -18 

A3 
low 

-5C 

0.691 800 
1000 
1200 

0.79 
0.80 
0.80 

0.79 
0.81 
O.dl 

0.78 
0.64 
0.86 

-8 
-12 
-13 

-5 
-8 
-8 

-19 
-22 
-24 

0.378 800 0.77 0.77 0.81 0 4 -19      ; 

A3 
high 

00 

0.691 800 
1000 
12 00 

0.72 
0.75 
0.75 

0.72 
0.75 
0.75 

O.69 
0.75 
0.73 

9 
6 
6 

14 
12 
16 

-2 
-5 

0.878 800 0.75 0.74 0.66 8 15 -10 

B3 
high 
-5° 

O.69I 800 
1000 
1200 

0.72 
0.76 
0.77 

C.73 
0.77 
0.78 

0.88 
0.85 
O.05 

8 
1 

~2 

10 
5 

4 
-2 
-5 

0.873 800 0.78 0.78 0.75 -4 1 -6 

03 
high 
-5° 

0.280 000 
1000 
1200 

0.18 
0.20 
0.33 

0.22 
0.33 
0.42 

O.64 
O.69   • 
0.71 

15 
22 
25 

  

17 
25 
29 

-1 
6 
9 

0.492 800 
1000 
1200 

O.64 
0.70 
0.71 

O.64 
0.63 
0.68 

O.62 
0.52 
0.59 

11 
7 
8 

15 
16 
24 

7 
3 
4 

0.687 .100 
1000 
1*00 

0.60 
0.61 
0.62 

0.60 
0.61 
0.62 

0.61 
0.59 
O.63 

39 
49 
54 

46 
59 
67 

43 
53 
58 

0.672 800 0.62 0.60 0.24 52 67 .56 

03 
high 

Oo 

0.687 800 
1000 
1200 

0.79 
0.80 
0.79 

0.79 
0.79 
0.78 

0.77 
0.69 
O.67 

-8 
-10 
-8 

-4 
-2 
4 

-6 
^4 

0.872 800 0.78 O.76 0.54 -2 7 2 

•I 
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UGH EXHAUST roanow 

NACELLE A3: THRUST UNE AT -5* TO N* CHORD : A3 (-5) 

WEOQE INXITTEO 

NACELLE A3 :  THRUST UNE AT 0* TO WING CHORD : A3 (0) 

NACELLE B3 : THRUST LINE AT -5" TO WING CHORD : S3 (-5) 

NACELLE C3 : THRUST LINE AT -5°  TO WINS CHORD' C3(-5) 

NACELLE C 3 : THRUST LNE AT 0° TO WINCq CHORD: C3 (O) 

AB •   03TANCE OF NACELLE «t BELOW CHOW) LEADNQ EOQE   (FIQ3. 6.79) 

PQ. •   DI5TANCE OF EXHAUST  t ABOVE  CHCCO LEADING EDGE   (flQ.5) 

IX   •   DISTANCE OF PROPELLER   CENTRE BELOW Wftft  CHORD    (FIQ fl) 

NACELLE   AND   EXHAUST   POSITIONS   TESTED. 
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FIG.4. (CCNT) 

TOD Bo 
'» • IOEAL EXHAUST THRUST LB. P.A. AT 100 F.RS. 

NACELLE AS-HXJH EXHAUSTS 
THMT MM AT 0" TO CHOEO LNE 

NACELLE AS -LOW EXHAUSTS 
THEUBT UM AT-T TO CHOEO LNE 

NACELLE C3 - HIQH EXHAUSTS 
THRUST UM AT 0* TO CHOEO UM 

CONTOURS   OF   NET   OVERALL   EFFICENCY   FOR 

NFINITE   ASPECT   RATIO. 
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FIG. 6 
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