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•       X Wind tunnel tost3 wcro nadc on a 1/2.5 3oalc ;:odol of tho Gcraan 

Flying Bor.i> to assist in an analysis of its stability.      Tho lateral and 
directional derivatives duo to sideslip wcro raosurcd far a rango of 
rudder angles.      Engine nacelle drag and offoct of spoilers on longitudinal 
trin \vcro also measured. 

1. Reasons for enquiry 

Various ncasuroijonts were rcquirod to assist in an analysis of the 
stability in yav.-. 

2. Ifodol and test details 

Dimensions wore taken fron the latest available nateriol, and a jaodol 
of 1/2.5 soale was tested in the No.  1    11£ ft. x 8% ft, wind tunnel at the 
R.A.E.  in July, 1944.      The wind speed Mas 120 ft./scc.      Table 1 gives 
rolovant dirxmsions and Pig, 1 an illustration of tho nodcl, 

Tho wing-body angle was not known, and tho rAiority of the tests wore 
nade with an angle of 3", sono ohoek tests being nado at 6°.      A body centre- 
line incidence to wind nf -1° was U3cd for tho majority of the tests;    with 
a wing-body anglo of 3° this corresponded to a Cj, of 0.17 (the oondition 
for top-spcod flight, 390 ii.p»h. at 2,000 ft.).      Sons iieosurcr.ur.ts woro 
repeated at a body-lino inoidonoc of 2,6°,      lly fitting a bafflo plato in 
tho onginc duct, an ontry velocity of 0,22 x tho flight speod was obtained 
(corrospondiiv; roughly to tap-^poed flight conditions);    in addition, tho 
effect of a higher flow, 0.63 x the flight speed, was tried. 

Tho C.G. position to which the results have boon referred waa 
estimated for tho condition with half fuel and air, fror.1, data suppliod. 

3. Results 

3.1 Lateral and directional stability in sideslip 

Tho noasuronunts arc given in Table 2 and Pip» 2, 3 and 4. 
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Tho following table sutnarisos tho derivatives frith rudder at 0°, for 
the duot volooity of 0.22 x tho flight spood.     Tho offoot of ohango of 
floe/ was vary BUQII.     Tho angles quoted rofor to tho noon range of P    for 
which tho results ore given. 

Condition 
Body in- 
oidonoo 
(dog.) 

Wing- 
body 
anglo 
(dog.] 

103 «v 105/v 105 yv 

0° to 5° 0° to 15° 0° to 5° 0° to 15° 0°to5° 0° to 15° 

Conploto 
nodol 

-1.0 3 94 149 -21 -23 -315 -332 

Pin. off -1.0 3 56 68 -11 -19 -287 -273 
Tin end 
ongino 
naoolle -1.0 3 -95 -73 -5 - 3 -57 - 90 

off 
Complete 
nodel -1.0 6 119 156 -21 -32 -320 -350 

Conploto 
nodel 2.6 3 71 132 -29 -28 -286 -320 

I 

It will bo seen that tho uncertainties in wing-body angle and body- 
inoidonoo introduce sons uncertainty in tho value of the derivatives for 
angles of sideslip up to 5°» 

The derivatives aro vary sir.uMar with ruddor angles up to 20°.      Tho 
ruddor on the actual borib hos a rjaxinwa doflootion of 16°. 

The values of tho derivatives duo to ruddor are:- 

10J ng » -55,   lO3^ = 4.5,   103 y$ = 35. 

For tho fin and ruddor, these give, for    ß + 5° to 

0.84   and   a2   a   1.04 

•5°. 

Tjhoro   ff   a   sidevrash at tho fin. 

This shorn that there is a very largo siOowash at tho fin, probably 
duo to the strut fairing ahead of it.      Tho centres of prossuro of tho 
loads on the fin and tho rudder aro, to the aoeuraey of tho results, at tho 
fin quarter chord and at tho rudder hinge respectively.      Tho side-load 
on tho ongino naoollo and front strut fairing, ivhioh provides tho nain 
stabilising foroo, acts 6£ ft. behind the O.G., that is, just behind tho 
leading odge of tho ongino duot. 

3.2   Drag 

Tho following tablo gives the increase of drag with sideslip, as a 
percentage incroaso in tho overall drag. 

ß° 
AD, £ 

0 
0 

2.5 
2.6 

5 
10.6 

10 
66.6 

15 
157 

Tho internal drag of tho duot on tho aoflol is hero n33unod to romin 
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oonstont vith ß ; its value has been estinated fron ncaouronents of the 
flow at the duot oxit, and was equivalent to 3«2 lb. at 100 ft,/soc. 
Taking this figuro fron the noasured values, the nodol had the following 
extornal drag (convortod to lb, full soalo at 100 ft./soo, ):- 

Oorjpleto nodol 18.8 lb. 
Conplcto nodol less fin  18,5 lb. 
Modol less fin and ongino 13,7 lb. 

These figuros are only of relative value, and the nodol noasurcnonts 
aannot bo takon as giving a reliable ostinato of the drag of the actual 
bonb. 

The transition point was fixed on the nodol body at 6£ of its longth 
fron.the nose, and on the naoelle at If. of its length fron the leading 
edge. 

3.3   longitudinal stability and effeot of spoilers 

Table 3 givos the Hcasurod values of pitohing nonont about the CG. 
position.  The static stiok-fixod i.iargin on the nodol was 9>j of the wing 
noon ohord.  Snail spoilors on the tailplanc loner surfaoo, which oporato 
whon the botib starts to dive, wcro rcprosontcd on the uodcl.  They induood 
a nose-down pitohing uonont equivalent to a change in 0^ of nearly 0,06. 

Attaol.cd: TnblOO 1-3. 
Drg. No. 14999S 
" No. 15000S 
"  No. 15001S 

Fig. 1. 
" 2. 
"     3&-4. 

Distribution«- S.A. A. Li. 

(Action copy) 

(2) 
i2)        , (45 + 1] 

Sir G. P. Thompson 
D.S.R. 
D.D.S.R.1. 
A.D./R.D.T.1. 
R.D.T.10. 
A.D.R.D.L.1. 
A.D.R.D.L.2. 
B.T.P.A-I.D. 
R.T.P.2n.        (t4) 
D.D.R.D.T. 
D.D./R.D.A. 
D.T.D. 
N.P.L.(Mr. Rolf) 
A.I.2g. (56) 
Director 
D.D.R.E. 
Library 
S.H.E. 
Aoro(l), T/A, P, S1P S2, F {lie. Srxlt), L, H, B, W(2), T. 
E.A. (6) 
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TABLE   1. 

Relevant Hodol and Full Soalo Data 

ilodol Soalo   1  : 2?. 

Wing. 
Span - b - ft. 
Itean chord - B - ft. 
Area - 3 » sq.ft.   •- 

lall and olovator. 
Span - ft. 
Area - St » sq.ft. 
Toil arn - (e.G. to £ chord pt.) 

S 5 

A ft. 

Tail volune 

Fin end Ruddor. 
Area (above surface of body) - Sf - sq.ft. 
Chord - Of - ft. 
Aspoot Ratio 
Thieknoss/Chord Ratio 
Rudder Area aft of Hinge Lino - sq.ft. 
Rudder Chord aft of Hingo Line - ft, . 
Fin Am (e.G. to Rudder Hingo Lino) -/f - ft. 

Fin Volune 

Rudder Set Back 
{#) 

Model Soalo. Full Scale. 

7.067 
1.351 
9.55 

2.70 
1.92 
4.37 

17.67 
3.38 

59.7 

6.75 
11.96 
10.90 

0.650 

0.639 4.00 
0.984 

O.67 
10.2Jt 

2.46 

0.149 0.932 
0.227 0.567 
5.58 

O.0529 

44£ 

13.95 

O.64 1.6 
4.2 10.5 

C.G. Position.  (With half fuel and air supply) 
Above Body Centre Lino - ins. 
Aft of L.E. of Wing - ins. 

- in tores of Moan Chord 0.256c 

Reynold's No.  of Tests (baaed on Ifcan Chord) 1 x 10^ 

Ting-Body angle of 3° and Body Centre Lino incidence.of -1,0°, 
corresponding to CL   =   0.17 (osaunod top speed of 390 n,p.h», 
at 2,000 ft.) and Body Centre Lino incidence of 2.6° corrcspondine 
to Oj,   =   0.44. 

i i 
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TABLE 2. 

Rolling and Yawing iijncnt and 
Side Force Coefficients. 

v        Duot entry velocity 
V Duot exit velocity 

i = wing-body sotting. body contro-lino incidence. 

Condition V 
V 

i° V e ßO 103cn 103q£ lO^Cy 

Co.plcte 0.22 3 -1.0 0 0 0 0 0 
nodcl 2.5 

•    5 
10 
15 
20 

3.8 
8.2 

20.5 
38.9 
60.2 

- 0.6 
- 1.8 
-4.7 
-6.1 
- 9.1 

-26 
-55 
-111 
-174 
-246 

- 5 -20 -55.5 9.1 242 
-15 -27.6 5.9 172 
-10 -15.3 4.2 102 
- 5 -4.3 2.0 41 
- 2.5 0.6 1.1 22 

0 4.9 - 0.9 -   6 
2.5 6.5 -0.3 - 32 
5 12.8 - 1.7 - 70 

10 25.9 - 3.9 -120 
15 43.9 -5.6 -138 
19 61.6 -7.8 -251 

-10 -20 
-15 

-50.1 
-20.7 

10.0 
6.2 

232 
159 

* -10 -12.0 3.7 97 
- 5 0.5 1.5 3& 

• 
0 
5 

10 

9.9 
17.9 
31.1 
49.5 

-0.5 
- 1.9 
-4.9 
- 6.1 

- 13 
- 77 
-127 
-194 15 

19 66.4 -7.7 -259 

-20 -20 
-15 

-42.9 
-22.3 

3.6 
6.3 

224 
151 

-10 
- 5 

0 

10 

-3.2 
9.2 

19.0 
27.6 
41.9 

5.0 
0.3 

- 1.4 
- 5.2 
-5.4 

85 
24 

- 24 
-87 
-141 > 15 

1? 
60.4 
77.8 

- 7.3 
-8.3 

-206 
-271 

Fin off 0.22 3 -1.0 - 0 o' 0 0 
Engine on. , T 4.9 - 0.9 -49 

10 10.1 - 2.5 -96 
• 15 17.8 - 5.2 -143 

19 27.9 - 7.2 -192 

(continued overloaf.) 
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TABLE 2. (oontinuod). 

Condition     Ä i° 0 
°B «f ß° 1°V 1030/ lO^Oy 

Fin off       0.22 3 -1.0 M 0 0 0 0 
Engine off 5 -8.3 - 0.7 - 10 

10 -14.4 - 0.8 - 25 
15 -19.2 - 1.0 -47 
19 -22.1 -0.7 • 68 

Complete      0.22 3 2.6 0 0 0 0 0 
model. 2.5 2.4 - 0.6 - 24 

5 6.2 - 2.5 - 50 
10 16.9 -4.5 -IO5 

* 15 34.4 -7.3 -167 
20 57.9 - 9.0 -246 

Complete     0,63 3 2.6 0 0 0 0 ' 0 
model. 5 6.2 - 2.6 - 50 

• 10 17.5 -4.8 -107 
15 35.2 - 7.2 -170 
20 60.0 -9.4 -242 

Oomplote     0.22 6 -1.0 0 0 0 0 0 
model. 2.5 4.0 - 1.2 - 27 

5 10.4 - 3-3 -56 
10 22.3 -5.7 -116 
15 41.1 -8.3 -183 

• 20 66.0 -10.2 -265 

«MM MM 
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Lift, drag and pitohing moment ooofftoionts 
on the oonplotc model.     T] = 0. 

H <b 
Without spoilers on tail. 
-2.7   I 0.028 I 0.0306 I   0.0350 

-0.55 j 0.1», | 0.0334 |   0.0195 

1.55   0.350   0.0409 

3.65   0.512   0.0515 

With spoilers on toil. 

O.OO63 

-O.OOI5 

-2.65 

-0.55 

1.55 

0.041 O.O333 I -O.0240 

0.210 0.0373 -0.0391 

0.363   O.O448   -O.O557 

3.65   O.531    0.0563   -O.0647 

•7- * 
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