
I ~ 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ORIGINALLY ISSUED 

June 1943 as 
Memorandum Report 

TEE LOCUS OF POSSIBLE POSITIONS OF A REA VY BOMBER 

1N SPACE AETER A 12-SECOND TIME INTERVAL 

By Charles \oJ. Mathews and Clotaire Wood 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

PROPERTY OF JET PROPULSION LABORATORY UBIMIY 
CALIFORN IA INSTITUTE OF TECHNOLOGY 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre­
viously held under a security status but are now unclassified. Some of these reports were not tech­
nically edited. All have been reproduced without change in order to expedite general distribution. 

L - 20b 

3 





ME~ITO~ANDUH HEPOR? 
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National Defense Research Council 

THE LOCUS OF POSSI BL:2 POSI'rIONS OF A HEA'T'! BOMi3::R 

IN SP .~C"':j' AFTER A 12 - SECO[D TIME INT5RVAL 

By Charles ",! . Mathews Hnd Clotaire Wood 

IN'l'RCDUC'l'ION 

At the re-1uest of the National Defe:lse Research Coun~il , 

calculations have been rr.ade to determine the loci of possible 

positions of a heavy bomber in space following a 12- second 

interval . The nir?lane flight paths corresp0nding to various 

limiting n:aneuvers were calculated to determine the posi tion 

of the airplane at the end of the 12-second time interval . 

The calculations were made for a hypothetical airplane 

having characteristi~s similar to those of a B- 2l airplane . 

PR0CEDURZ nm ASSmtp'l'I0i\TS 

Flig~1t paths were detern.ined "by ste] - by-step Intel3rati on 

for various extrer.1e lTIanellVors entered from level flight at 

an a1 ti tude of 15,J00 feet . Entrance speeds of 223 mil es pe r 

hour and 276 miles ;)e r hour cOrreSl)onding to 60 perc.;.l·lt and 

lC>O perc·::nt rated power, respectively, were investic:;ated . 

Except where otherwlse s;J6cified , the limiting positions of 

the ai rplane W0re determinGd .for two power changes thc:t were 

n:ade at the start of the ~aneuvers . Thas6 chan[.0s consisted 

of a,?plying full throttle (lJ9 perc.cnt r::tted ensine power) 

and cOlnplE;tely throttling the engines . 
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Tne loci of _ ossible air?lane positions we r e determined 

by cal~ul ating the airplane flight paths for the follo~ing 

extreme maneuvers : 

1 . Abrupt climblng and diving maneuvers in the vertical 

nlane Ih~"l ted by maxi!;.lUTI! lift coefficient 0:' 

maxirr.'..ll1J. per!)1issi~)le normal acceleratioll . 

2 . Clirr:bing and dl. JinZ [fJ8.neuvers jn tIle vertical ,;1£1-:1'3 

3. Level turns liY'i ted. by maximu .. "11 lift coefficient or 

rnaxj n;um permissi 01 e n.ormal ace el eratton. 

L~ . Level turnf3 v:1 th recovery after various time inere ·· 

mer. ts . 

5· Full- throttle ~Jimbin;2: turns v:ith a 60° ang,l e of bank 
~ ~ 

lirr.i ted by na;{irr:~.un Ii ft cO':ff.' eipnt 01" maximurr. 

permissible no r mal oeceleration . 

6. Ful J - th:::,ott1G lj vine; turll~, \"1 th a 30° angle of banl{ 

limi ted by ma.ximJ.m pcrmlss 'ble nsbati V2 rlormal 

3.CS 81 e 1":1 ti :)n . 

7. Di vtng turns consist::1.ng ')f st: .... aieht c:1 VGS for :; 

seconds follo\"-'ed b~~ t'J.rns ..,.vj, th vertIcal bank lil:"i ted 

b-y maxi·"'l.U1:"]:.J".!i'r::islbJ c norn',a1 Gceeler& t ion . 

8. 'I'UI'n~3 wi th vGrti e 5.1 banl<: ~~ imi terl b"J 11J.aximum 11 ft co (-, f -

l 
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The assumed char8.cteristics of the a1 rplane Inves t i -

gated ~re listed bAlow : 'ing area , enGine power , gross 

VleiLht , and limiting accelerc.tions were taken from speci -

ficatlons of the 3 - 24 alrpl~n€J 

, 
.L . V;lng area : l()~B sc;.u&re feet 

2 . Gross weight : 50 , 000 pounds 

3. Power : four engines , normal rating 1100 horse~)ower 

ench 

4. :,"aximum lift coef fi cient : 

povler off 1. 3 

full throttle 1 . 5 

5. ~fiaximum rolling velocl ty : 

For the maneuvers involving roll , the rates of 

roll were determined on the basis of a wing - tip 

helix angle of 0 . 08 radian at 223 miles per hour . 

F'011 hiGher' speeds , the rate of roll was assumed to 

d~op off inversely with increase in speed because of 

increased stick forces . 
/ o. Profile - drag coeffi~iGnt : J . 0325 

7· ;';axlrmm allowable normal acceleration : 3g, -IS 

O. Power absorbed by each vindmilling propoller: 

(f) horsepoV'ler (reference 1) 

The variations of norrl1al &ccelerntion and 

rolling velocity ~ith t i me used in calculating the 

rat'3 of entry into tt~e vari 0".18 ;r.aneuve rs we re 
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estimated from a v ailable flight test data showing 

r esponse of airplanes to abrupt control manipulations . 

R:E'S"lJI..'I'S A .. h:D DISCUSSIOi~ 

The r esults of the celculations ar6 presented as plots 

of the flight paths and as side vi ews and horizontal sections 

of the loci . Fieuras 1 through 5 show the results obtained 

f or the 60 - ~ercent Dower entrance condition . - - Fi~ures 6 

through 10 show the results o~tained for the 100 - percent 

power entrance con~ition . 

Figures 1 through 4 and 6 through 9 show plots of the 

calculated flight paths for all the maneuvers investigated . 

The points shown ')n these paths re~resent the _~ositions of the 

airplane at I - second intervals . The locus of airplane position s 

for any period of time less than 12 seconds c an be determined 

by fairing the points corresponding to a gi ven time . 

Fi bt~-re 5 s11m'IS the side view and hori zontal sections of 

the calculated locus for the 60 - ?ercent entrance power oon-

dition . Fisure 10 show3 the side vi e~ and horizontal sec t ions 

of the calculated locus for the lOO - percent ent rance p ower 

condition . 

It may be noted that t!:-18 locus of airplane posit ions for 

6i ther t!16 6el - percent or lOO - pe ('cent power entrance condi tion 

is bounded ~)y two eurved surfa_ces wi th t:r~eir concave sides 

facing the Inltial Dosition of the airplane . The inner sur-

face is d6termined oy engine - thrott16d maneuvers and the 

outer surfac E by full - throttle maneuvers . 1'hG distance 
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be t ween these two sur faces is relatively smal l and averages 

about 300 feet for the 60 - gercent p ower entrance condition 

and 250 feet for the lOO - percent power entrance condition. 

The follovving maXilClllm displacements from the initial 

position of the air?lane at the end of the l2 - second 

interval were obtained from the two assumed entrance powe r 

condi tions : 

1 . H ax! :i1um. g ai n i n al tit ud e -

60 - percent power , 970 feet 

lO~ -percent ?ower , 1650 feet 

2 . Vaximum loss in altitude -

60 - perce~t power , 2290 fee t 

IJO-Dercent p ower , 2250 feet 

, . rflaximum lateral displace"!1ent -

60 - percent pow~r , 2690 feet 

IOO - percent power , 2830 fe e t 

4. ? .. ~ax:tmurrl displacement parallel to original line of 

fli ght .. 

60 - percent power , h350 fe e t 

100 -perc~nt power , 5150 feet 

It should be remembere d that the loci calculated 

r ep res ':mt the limiting ~)osit~.ons 'Jf the airplane that would 

b e obtained by flying the air,lane at its structural and 

aerodynamic limits . The extent to which the extreMe 
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boundaries of the loci would be utilized would depend to some 

extent on the skill of the pilots a.YJ.d primarily on the incen -

ti V6 invol ved . 

Lant;lcy ;,7emori8l Aeronautical Laboratory , 
National Advisory CornmittG9 for Aeronautics , 

r,angl Gy Field , Va . , June 8 , 1943 . 
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