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THE FLIGHT LIMITATIONS OF THE C-105 

SUMMARY 

The flight envelopes of the C-105 are presented in this rerort 

and are in accordance with U.S.A.F. Spee. R 180J-2B. They deviate 

from this specificatfon between points A and B on the envelopes 

where the load factor has been reduced to allow for the reduction 

in material proFertiPs at elevated temperatures. The high tempP-ra­

tures are due to the effects of kinetic heating at high aircraft 

speeds. 

The design dive speed (VD) is the lesser of 7~0 Knots E.A.S. 

and the speed corresponding to a surface temperature of 248°F. In 

the stratosphere on a standard day, this corresponds to a Mach No. 

of 2.12. At VD, the minimum structure life is 1,000 hours. 

The C-105 has sufficient thrust to enable it ot fly at sreeds 

far in excess of Vo in level flight but due to high impact pressures 

and temperature at these speeds, there is a rapid reduction in 

controllability and structure life. It has been necessary, therefore, 

to impose a speed limitation lower than the maximum level speed which 

is called the Never F.xceed sreed (VNF,) and this is 720 Knots E.A.S. 

or the speed corresponding to a surface temperature of 348°F, which­

ever is the lesser. At Jower aJtitures, the Jimit is set by control 

reversal and in the stratosphere by structure life. The, structure 

_] ife at 34ti°F is J.6 h0urs ,.,hich corresponds to a mini.mum of 10 

rissions at t his speed. The Never Exceed speed in the stratosphere 

is M = 2.42 on a stand~rd day. 
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THE FLIGHT LIMITATIONS OF THE C-105 

Design Limitations 

The flight envelopes have been drawn in accordance with U.S.A.F. 

Spee. R 180J-2B (October 1945) with one exception and that occurs 

between points A and B (see fig. 1 - 9 ). The reason for this difference 

is that at high speeds the temperature on the wing surface increases 

very rapidly with speed, at M = 2.0 at 30,000 ft. on a standard day 

the surface temperaturei is approximately 248°F and at this tempera­

ture, accord:lng to ANC 5a, the yield strength of 75 S-T is only 84% 
I 

of that at 75°F. To dPs:lgn for a Joad factor of 7.33 at 248°F would 

mean accepting a large wejght renalty, whereas :lf we design for 7.33 'g' 

at 75°F the ava:!Jable Joad factor at 248°F would fa11 to 6.)5. Statis­

tical evidence shows that ~ith high altitude interceptors, hi 6h ]oad 

factors are not usually associated with speeds near VD (the de sign dive 

speed) and this is reflected in the AP 970 envelope which cuts the high 

speed corner of the envelope limiting the load factor at VD to 0.75n1 

(= 5.49). It was therefore decided t hat the aircraft be designed for a 

limit load factor of 7.33 at the speed corresponding to 75°F, at higher 

speeds the load factor would be reduced in the ratio of the yield 

strength at the temperature appropriate to the higher spe ed to the 

yield strength uf 75°F. The line between points A and B has been drawn 

on this basis. 

It is clear, from the above discussion, that temperature is to play 

a very import.ant part in the structural design of this aircraft and no 

~ See note at end of report. 
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Des ign Li mitat i ons (Continued) 

structura] prob]em shou]d be consjdered without taking into account 

temrerature effects. The variation of surface temrerature with Mach 

No. is given for vr,rious heights on an NACA standard day on Fig. 10, 

and it is to be assumed that the temperature is uniform over the whole 

aircraft surface. 

The flight envelopes are also based on the standard day and the 

question arises as to what should be done about atmospheres other than 

standa1·d such as the Army Summer Di..y. It is proposed that the design 

dive speed be defined as follows:-

Vn shall be the lesser of 720 Knots E.A.S. or the speed corres­

ponding to a temperature of 248°F. With VD defined in this way, we 

eliminate the necessity for consjder:!ng atmospheres other than s·tandard 

by adjusting the max. flight speed on the non-standard day to give the 

same surface temreraturp as .;,.ould be ohta i ned at the maximum fl i rht 

speed on the standard day; the structural problem is then :I dentical 

in al] atmospheres. This is not strict]y true because at a given 

surface temperature and rressure altitude the Ma eh No. wi] l bf> a 

function of ambient temperature, e.g. at J0,000 ft. and surface temp. 

248°F, M = 2.0 on a standard day and approximately M = 1.8 on an Army 

Summer Day. There will be a difference in the aerodynamic load distri­

bution at these speeds but the difference will be small and can be 

neglected. 
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Operation at Speeds in Excess of v0 

The performance of this aircraft is such that speeds well in 

excess of its des.i 15n limitations can be achieved in level flight and 

some preliminary consideration has been given to the problems involved 

in flying at speeds in excess of Vo, from the structural and opera­

tional points of view. 

Two structural problems present ttemselves:- (1) iThat is the 

reduction in strength at elevated temperatures(:ith heating time .le~s 

t ban half an hour) (2) For what t1me can the structure be heated at 

a given high temperature before tbere is a .rermanent rPduction in the 

room temperature strength? <lY ~ C, 

A.N.C. 5a gives the% rerluct ion in the yi.e]d stren!7th at e]evated 

temperature s and if we as~ume that the load factor at a given surface 

temperature is r edu ced in the ratio of the yi eJd strength at t r.at 

temperature to that at 75°F, we can predict what thr varfation of load 

factor will be with Mach No. at a given height·in a 6iven atmosphere. 

A graph has been drawn (fig. 11) which shows the variation of available 

load factor with Mach No. at 30 1 000 ft. on an NACA standard and an 

Army Summer day. From this, it would appear that the aircraft could 

DA 

f]y to M = 2.4 providing only mild manoeuvres are performed (i.e. < J.Og) 

and if speeds in excess of M = 2.4 are achieved, the possibility of 

structural failure would be high even in moderate~y gusty conditions. 

The only dat~ available relating to the second problem is con­

tainerl in Met. Dept. Report M 223 4 1 from which we can det.errr:ine the 
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Operation at Speeds in Excess of Vn (Continued) 

time for which the struct ural mater-ii,.l ci,.n be heated at a give n tempPra­

ture without incurring any permanent reduction in the room temper&ture 

strength. With this data, we can predict the variation of pe rmanent 

damage time with Mach No, in a given atmosphere and t his has been 

done for the NACA standard atmosphere a11d plotted on fig, 12. It will 

be noted that at tqe oesign dive speed above 30,000 ft. the pernanent 

da mage time is 1,000 hours and tr is time increases raridly as t he 11ach 

No, is reduced, At speeds in excess of Vn, it. decrea ses very rapidly 

II/ I *' • e. g. at M = ?•5, TpD = 2.7 _minutes: ohvious]y, t.hn aircraft should 

not be oper~\ed under these 6onditions, 

The question nc~ arises as to ~hat is the maximum speed to which 

t hP aircraft can be f ]own on a reasonabJe number of occas i ons durir.g 

its life without d~ma ge to miterial properti es. It - as felt that 

t his prob]em could best be apr roached. by consideri ng tbe minir.mm number 

of missions that could be flown under given conditions before heating 

di,.m&ge effects occur. The absolute minimum number of missions can 

be obtained if we specify the mission as follows:-

Taxi, take-off and cl imb to altitude, accelerate to appropriate 

Mach No. and continue to fly at that speed until only sufficient fuel 

rema ins to descend, comp]ete circuit, approach and land. The aircraft 

t akes off with full fuel. 

i TPn = permanent damage time, 
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Operation at Speeds in Excess of Vn (Continued) 

A graph has be~n drawn (see fig. 13) showing the minimum numher 

of mjssions against Mach No. at J5,000, 30,000 and 'i0,000 ft. At 

Vn, the m:lnimum numbPr of miRsions 'are:-

Height (ft.) 

15,000 

30,000 

50,000 

M1n. No. of M:lssions 

J,500,000 

5,600 

2,200 

and these are much hi gher th&n anything likely to occur in practice. 

When determining the maximum speed to which the &ircraft may be 

flown in excess of Vn, it would seem re&sonable to define it as the 

speed at which a certain minimum number of missions could be flown 

(s&y X) before damage occurs. The followin~ table shows the effect 

of 'X 1 on the limiting speed (we will call this speed the limiting 

temperature speed VLr)• 

X = 10 X = 20 X = 50 

I 

Alt1.tude V Lr (Mach No.) Surf. Temp. VlJr Surf. Temp. VLr Surf. Temp. 

15,000 2. ]2 380 2.08 366 2 .03 350 

30,000 2 .36 365 2 .32 350 2.27 335 

50,000 2.42 348 2 . 39 33g 2 .34 320 

The va]ue of VLr is not very sensitive to 1X1 in the range X = 10 

to 50 and a small reduction in VLr gives a large increase in X. If, 

for example, a fi gure of ten missions were to be used to define VlJr 
ed 

and the aircraft design/for infrequent operation at this speed, then 

if operation£1 considerations should indicate at a l&ter date t h&t 
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Operation at Speeds in Excess of VD (Continued) 

frequent operation between VD and VIJr is likely, we can increase our 

safety margin considerably by a small decrease in VIJr ■ As the accept­

able minimum number of missions at VIJr is not likely to be less than 

10, and as the lower the value of X is, the more difficult the design 

problem, it is proposed that this number used for defining Vur at this 

time. 

So far, VIJr has been referred to in terms of Mach No., hut from 

the structural point of v1e~, this is not a good reference because 

the permanent damage time i s a function of ambient temrerature 

as well as Mach No. whilst the missjon time is main]y a functjon of 

Mach No. at a given rres sure a]titude. The eff ect of ambient t cmrera­

ture on the va] ue of X at a fixed Mach No. is demonstrated :In the 

following example:-

On a standard dt1y at 30,.000 ft. and M = 2.36, X = 10 whilst 

on an Army Summer day at 30,000 ft. and M = 2.36, only a small 

fraction of a mission can be flown before the structure is damaged. 

It can be shown that the variation of VIJr with ambient temperature 

for a fixed X at a given height corresponds closely to a fixed sur­

face temperature and it would therefore be more convenient to refer 

to VIJr in terms ~f the surface temperature rat her than Mach No. ~he 

data in the a'bove table shows that the surface t.E>rnperature at Vr,. 

varies ~ith a]titude, but the variation is not l ar ge and is a mini­

mum at 50,000 ft. It would be convenient to refer to VIJr in tPrms 

of a fiJced surface temperature end it "'OU1 d be conservative to choose 

the va l ue at 50, 000 ft. ie. 31,8°F. 
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Operation et Speeds in Excess of VD (Continued) 

The limiting temperoture speed, Vl.Jr, is then defined as the speed 

corresponding to a surface temperature of J48°F, and the variation 

of VLr with altitude is shown plotted in fjg. 14 on a standard day. 

Also included in the figures are the all out ]eve] speeds and the 

desjgn dive speeds. It ~ill be noted that at Jow altitudes, VI.Jr 

is very much in eYce:>s of the 720 Knots F .A .S. VD limit and control 

revrrsal is certain at some intermedjfl:te sreed. 0bv1ous1y, oreretion 

et sreeds close to end in excess of the reversal speed cannot be consi­

dered and as the reversal speeds are not known at this stage, the sreed 

should be limited to 720 Knots E.A.S. at low altitudes ,, The maximum 

speed to which the aircraft can be flown is then the lesser of 

(1) 720 Knots E.A.S. 

or (2) The speed corresponding to a surface temperature of J48°F. 

This limitation, which we wUl call the Never Exceed speed (VNE ) , 

is plotted on P. 14. 

The permanent dr, mage problem imposes a lower speed limitation 

than the short duration strength at elevated temreratures and the 

margin of manoeuvrability is therefore improved • . In the height range, 

where 3480F surface tempera t.ure J imits the speed, the available load 

factor does not drop below 4,5, There fa then adequate manoeuvra-
1 

bility and no danger of structural fai]ure in gu11ty cond1tions, 

A factor which has been ignored in the above discussion is the 

cumulative effect of heating. This may be important and modify the 

conclusions of this report, but no data is available at this time. 
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It is felt however, that within the limitations of the data, the con­

c]usions of this report are very conservative and probably contain an 

adequate allowance for this factor, 

~ 

It has been assumed t hat the temper ature over the whole wing 

surface is uniform and equal to the ambient temrerature plus 90% of 

the ram temperature rise, This is a conservative assumption as parts 

6f the surface wi11 be cooler due to flow acceleration and due to 

the presence of laminar flow, Large areas will, however, be a t a 

t emperature close to that assumed, 
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