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INTRC1)TXT!OO AND SUWARY 

The Research Diviaian has conducted a st~ ot & number of methode tor 

extending the range and endurance of can-ier-based jet fighter aircratt by the 

use of carrier-based assisting aircraft. While tm major object ot the studT 

was to deter:nine aDd compare the performance benefits lIhioh could be obtained" 

the foreseeable technical and op$rational problems 'Were also given some con~ . 

sideration. 

In the interests of expediencyJ this werle has been confined to tour 

ourrent airplane8" F9F-5 and F2H-2 fi~tereJ. and AD-4 and AJ-l' assistine air ­

planes. The latter m t7Pes are U!ed in the role of tow and refueling air ­

planes. Note that all four are 8trai~ht wing types; the reaults of this study 

should ~ be extrapolated to ~ wins> ~. 

The results indicate that three of the methods studied" ,"ling-tip towing, 

f11~ht re!\l.eline, and cable towing, are to all practical purposes equal in 

range cains. Wing-tip towing is subject to a number of unfa.vorable consid­

erations" t1'lO of Vlhich are: 

a.	 It requires ye1'1 hieh powers of the tow planes - 85% to 90% or 

normal rated power for the .t'1rst portion of the night. 

b.	 The calculated performance 18 the least reliable beC&ua8 of uncertain­

ty or the ae~c effect of wine-tip linkine; on induced drag. 

In a comparison on a technical basis, !light ref'ue1ine is attract!va be­

- ---_ .._-_.__._... -_...._--_._---_._---­_...- .­
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caUDe of the background of experience already at hand. However, it Ippean 

that ~-t1p towine orren no insU1'IIIOuntible difficulty, given IOID8 reuemable 
.. 

development effort. 

Operationally, all of the methods considered required that two or more 

airplanes make ptvsical contact'in IJid-air. Hoever, tho tow1na methode offer 

the advantage of early rendezvous, near the carrier, while flight refueling, 

as stOOied here, requires a rendezvous between tanker and fighters as much &I 

1200 nautical mil8.\{rom the carrier in extreme cases. 

I 
I 
I 
I 
I 

i 18U'IIIIII'1\.
1 • ~. _ . • .__. ~~"-;~;'.,f:£..::...._::::_=_:::.__:_=_.:: "_____1 
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R&SULTS AND DI~lJSSI(Jf 

1.	 ~
 

The following cClllbinations 1I8re investigated:
 

a. Like-fighters linked 

(1) out and back 

(i) Three fighters With adjaoent ldnB-tip taokl!l removed 

(ii) Three i'1ehters 1d.th adjacent Wing tip tanka not removed 
- I 

(2) Linked out, single back 

(i) and (i1) Same as (1) above 

b. Two like-fighters toad b,' one tow plane.-
(1) Wing tip toll' out, all fighter tip tanka in place 

I 

(2) Wing tip tow out and bac~, all fighter tip tanks in place. 

()) C,lble tow out only 
(4) Cable tow out and back 

c. Fighters refueled by tankers 

(1) ()le fighter per tanker 

(2) T1IO fighters per tanker 

d. Two like-fiehters towed at maximum Sldurance speed to extend tighter-
endurance. 

(1) Fiehtera heaT)" (before miss1<m) 

(a) Wing tip tow 

(b) Cable to" 

(2) Fighters light (after mialion) 

(a) Wing tip to.. 

I (b) Cable tow 

.. OJ' f,,' Din , i '._----..,._----­ -~'--,---,-'~-'--	
J 

, ., . 
i; 



------------

DEPARTMENT OF THE NAV'i 
REPOATNO•..~ 

BUReAU 01" AERONAUTICS
 

WASHINGTON 25, O. C.
 

RESEARCH DIVISION PAGE . ~..• _._ . 
........-.._-_ .._..._-----_.
 

'8' unT DEN i a (,
T 

2. Performance 

The resulting gains in range am endurance are SUJJmD.l'ized for the 191'" 

in figure (1) and for ttm F211-2 in figure (2). The :IIOst significant general 

conclusion 1s that wine-tip towing, flight refueling, and cabl. tOlling are 

quite comparable, as foTIowss 
Combat RadiUl .. n. mi.
 

Wine-Tip T01!in.i Fl1~t Retue~ Cable T~
 

Operati~ F1ehter type P'9F-.5 F2H-2 191'" F2H-2 .F9F-S F2H-2
 

Single Airplane Unassisted 600 717 600 717 600 717
 ,

I AD-4 A8sisting two-fighters 

on outbound lee 625 935 770 815 770 890 

AJ-l Assisting two fighters
 
on outbound leg 1000 1240 1000 lJSo 82.5 940
 

In the CaM of wing-tip tordne, very high polters are required of the two 

planes, the AD-4 at start of tow using 9o,t of normal rated power, at end of 

tow, 80%; and the AJ-l using 8~% and 60% for the same two conditiona. If the 

two planes are unloaded to reduce the cruise power requirements to 6Q& or 
normal rated p01ll!lr, or belO1l', at all times, the 1I1ng tip tow is 1eBs efficient 

than fllght refuellne. 

Each of the comparable methods sunmarized above requires one u8l8ting 

plane tor each t'lK) fighters except night refueling, where three fighters mB:f 

be refueled by a single tanker. However, if' the case of tm fighters b eing 

refueled by a smgle tanker 18 chosen for ComparilOD, vdng..tip tolling, !light 

retueling, and cablEr towing all require the Bame ratio of assisting to tighter 

&1rcratt. Therefore, a direct comparison of combat radius extension seems to 

"re '@ Ef P F )J IFn T T t--_ ...... ------­._--_._...,.--------------' 
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FIGURE 2 

RANGE AND ENDURANCE EXTENSION 
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show the relative merit• 

• Bee Appendix I for flight plans. 

The results S1Jii1Il1arized in fieures (1) and (2) are felt to be rea11zeable 

upper values which.. however, will require the closest attention to weight.. 

aerodynamic cleanliness and operational training. 

3.	 Technical Problema. 
'!he technical problems to be encountered are difficult to assess at thi' 

time. However, some of the consideratiol1l'l'lhich may apply to each method or 
range extension are discussed below: 

a.	 With respect to wUle-tip linked fighters; 

(1) Wine-tip fuel tanks are used. on both the F9F-S and the F2H-2.It tIl 

are trltirely rEl/lloved from the airplane the linking of wing-tips 

%'Gsult 111 no improv8lllBnt lIld in some eases a sizeable reduction in . 

range or endurance because of tlYJ reduced fuel load which can be 

carried. It appears that some provision in the wing-tip linldng 

system must be made to permit the retention of the 'tfing-tip fUel 

tanks in order to realize any gains by wing-tip linking. Weight 

am drag lor such provisions have bean inclllled in this stldy. 

(2)	 The advantages which result trom this arrangemtl1t stem from the 

increased effective aspect ratio. To realise the rant;e incnmenta 

Bh~ in this st~, it is nee...ary that aerod1namically smooth 

and continuous me joints be provided. Furthermore, the joints 

Ihould permit the linked aircraft to roll and pitch freely in order 

""·'t"',,, r T DE" , T '+Ii.__ .•.__. _ --..::-;;..;-:::..= - - .::...- _ .. - - • 
l,t,v !,\I.rl ~SJ~ B ,1I·A~; 
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to llI1.n1Ddt:e the loads 1mpond on the relat1vely weak 1dng-tip 

structures. Of equall1 great importance 18 the ease or eDgag..-t 

and disengagement which the wing-tip joint IINIt provide. Attention 

to this characteristic will pay elividends in the pUot l1cill and 

trainine required ~ make B&t1l!1fac~ry engagements in unfavorable 

atmospheric oanditiona. 

()) Tests reported in reference (a) indicate that the coupled aircraft 

may have stabilitY' charaoteristics much different !rom thoN of 

the single airplanes. '1here, in tests invol~ & transport and • 

small airplane, it 1IlL8 found tbat oonstant attention .. required 

to maintain the position of the emall aircraft, it being dynamical­

ly unstable in a rolling pitching oscillation; furthermore, the 

automatic pilot in the SIIl8ll a1:plane, which was satisfactory for 

s1nf;le night, was unsUited for linked night. These reBUlte are 

full-scale verifioation o! similar behavior obser'18d 1n w1nd 

tunnel testa of "noating" w:!.ng-tips by NACA, reference (b). In 

the latter test, it was found that the add;1t1on of a flap actuated 

mechanicall1 by the angle bet1'lgen the "noating" 'lIing-tip and till 

wing of the mother plane could be ·adjusted to provide stable flight 

characteristics. From this, it appears that some arrang8ll81t act­

ing on the ailerons or elevators of the outboard llnked aircratt, 

either mechanically or through the autopilot, will be required to 
e 

obtain stable !'light of the lillked aircraft. However, 1n consider­

ing this problem, it IllU8t be reeo6Dil4Jd that both the Air Foree am 

j ~ !12!!!!!!!!.!!I__.~ __-_._--_. 

N,e..; I,LR 15Jit 0 ,Il.'''' 
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a t If DiP '] II I I it !

, 
~g surface was 8IlBll compared to the central unit, cd thus, :J 

the linldng of like aircraft aa proposed in this stud1 'IJJ&1 preaent 

a somewhat different problem, or at least a dif'f'erent degree of 

sevedty of the problem. 

(4)	 The effeet of linking wing-tips on the weight of the basic 1dng 

structure 1s probab1Jr small on a.i..rcraft already desi~ for 

wing-tip fuel tanks, 1.1' freedom to roll and pitch are 1nc0Z1'0rated 

in the wing joint. The calculated vertical force. across the 

linked wing-tips are of the order of 1,000 po\lr1d8 tor the 191"', 

while full wing-tip f\ls1 taJ1ks for that airplane lI'eigh 10. 750 

to BOO pounds each, and are subject to load factors which bring 

the applied load well above the static loads imposed by'1iDking 

the wing-tips. However, dynamic loads in the tipa ma'1 app:q 

loads of 8U1'tLciently different nature to require fairly extensive 

modification of tm outboard wine structure. It 1s tel t that 

actual tests are required to establish this. The degree of mod­

ification required locally to accoJllllodate the linking meohanilJJJl 

can only be determined by a program to actually develop a aatil ­

factor'/linking system. !t would appear, however, that packaged 

tips replacing the present tips of the fighters could be des1~ed 

to momt on the spar tips and thVS m1n1m1. moditieat10l18 to the 

up of' the fighter, 80 long as provisiQM. "1'8 1II&de tor the 

installation of 1I1ng-tip tanka. 

~!! i .a.wrti:t!!. 
---,....-=--------­

•	 I, . 1,' • ti I u I ..~'HJt ... .,Cal1 "1t11lll1~1'i C1f'IC[ 
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(5)	 The perf'ol"ll14nce has been calculated on the, basis or the engine 

air intakes on towad aircraft being closed bY' door while in towed 

night. 

b. With respect to wing-tip towin~ of two fighters b1 reoiprocating 

engined tmr planes; 

(1)	 The COllllll811ts under Oa) above apply with equal torce to th11 

operation. 

(2)	 Introduction of unlike aiIl'lanes lI1th their associated variationJ 

in 1dng loadine one from the other mq result in additional com­

plications ,during rough air operationa. For one thing, the r.. 
3pons8 of each airplane to a given gust Will be dirferent because 

of the difference in wine loadine, 'nhich may generate an erratic 

flight path rial/or excessive loads acrCl88 the wing-tip jmctian. 

These results can only be hypothecated beeause they do not lend 

-themselves to the analytical approach. 

(3) Linking of wing-tips of three	 or more aircraft. results in a dis­

torted spamrl.8e distribution of airload, a. described in Appendi:x 

II. The effect is to load up the outboard a1.It>lane to a hi~r 

lift coefficient than that at t.he combination as a whole. To 

avo1d mdesirably high lift coefficients on the outboard airplanes, 

it 11 necul&l7 t.o cru18e at a speed aClU1lbat. above t.be theoretioal 

value for mu1Jllum range. For example, in the F9F~J AD-4 comb1na­

tiCll, a oruising speed of 170 to 180 knota 18 suitable tor the 
I 

oombination lIhere some 150 knots is theoretical CIllX1I1UIl rang.I .....-'It••,c,}.\JI "'~--!"""", '-'f 

I 
I 
1 ._­
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speed. 

c.	 Cable to1'I1ng of two fighter. b1 a reciprocating angine tow plane 

appears to offer few technical difficulties, at least no more than 

those fJ1COlmtered in night' refueling by the probe method. In taot, 

it ,appears that a suitable towing arrangement using & flight refueling 

probe as t.he fighter towing fi ttiJ1e could be worked out. A' wing mo\l'1t­

in« as shown in figure 0) would be a suitable tow point, or perhaPI 

an upper nose location, as sh01ll in figure (4), althoul,;h thelat~r 

offers potential danger to the pilot. In any eN1t, the weiG-'lt pena;ttr 

to the tOftd airplane should be relatively small, and that to the toy' 

plane not unreasonable. It appears that a packaged un1t including tow, 

cable, reel, and reel motor could be developed for mounting an extema). 

bomb racks of the tow plane. Weight am drae for such units have been 

included in this study. Forces of 1700 to 2000 pounds are required to 

tow a 16,000 W 20,000 pound righter. These forces are well within the 

desil'led strength of external bCllllb racks. 

d.	 Flight refueling techniques have been under development for some time, 

and the probe system appears to be suitable tor fighter refueling. 

The greatest difficulty in making provision for flight refueling in 

ex1st1ng airoraf't is the need for back fitt1ng manifolded .fueling 

systems cal pressure fueling provisions. weight penalties of thee. 

mod.1tications varr with tho ruel systEms of aircraft types, but it 1.8 
_'~cc'c''','''''' 

fel t that ~O to 100 pounds would accoll'll1odate t~'it~~ver 1n air ­

planes or the F9F-5 and F2H-2 t;ype. It appears that night ref'ueling 

I

L._.__,~~_. S_!_! !!! ! f.! E! -!-!!-!---------_..l 
·~,\V /,(.r.t UilCS B 1,11 ..4:1) 
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WING MOUNTED 
PROBE USED AS 
TOW POINT 

/~/
 
~ ONE M.A.C, OR LESS
 

WING LOCATION OF TOWING PROBE 
FIG. 3 

NOSE LOCATION OF TOWING PROBE 
FIG. 4 
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would result in the 8_ gains and the same prob1_ lIhether -u. probe 

.thod or SOIllB IIIStbod such as wing-tip tranater 1IU1"'e used. The u1n 
.. 

difterence lIOuld be th&t or the equipmmt required. 

4.	 g>erational Probl8IIIB 

All or the methods of range extension conaidenxi in this s tud1 require 

that tTIO or more aircraft make ph1sical contact in mid-air. Enough lIOrk has 

been done on i'light refueline and towing to indicate that oontact can.be made 

SUC088Si'uJ(. True, the presenoe of unfavorable atmospheric cCllditiona mae­

nifies the difficulties, but the increase of pilot skUl with practice tends 

to overcome this. Since all methods require contact, no order of merit in 

tllis characteristic can be discemed. 

HOlIeVor, tM location and number of times per mission that contact must 

be made is important. Assumine that the best method is that requiX'irig the 

f81l98t mDber of contacts a.t points clo.est to the take-off point, the order 

of merit is as follon, l1stine the most desirable first: 

1.	 Fighters linked at wing-tips - out only 
ling-tip tow - out onJ.1 
Cable tow - out onJ1 

2.	 Fighters l111ked at w:l.ng-tips - out aZ2d back 
Wine-tip tow - out and back 
Cable tow - out and back 

3.	 nJght refueling - out onl1 

4.	 Flight refueling - O\.i;t and back 

Towine and night refueling, in l'lhich one tow plazle or tanker serve. t1IO 

o 61f'IDBli 1Iilt 
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fighter., increases the number or aircr&tt required to perform the milliOn b1 

/ .S~. To the carrier th1e means a reduced nUlber or .trike. which can be
 

latmched nth a given number of aircraft. Furthermore, l'Iben using the AJ-l
 

as a tanker or tow plane, the number of carriers available tor operatiQll8 U
 

sharply reduced over that of fighters acting s1ng],y.
 

, 

1 

I
 

I
, 

._._-----_£_£.,-~ ! !. Q~ ! ! ! ~ ;.
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ASSlJl.(EI) FLIGHT PLANS
 

1.	 Tow planes carrr 20,( of their initial fuel load all the 'ft81 as allowance 

for warmup. take-off, climb, lind reserve. 

2.	 Refueling planes carry 2qt of their initial rue3- load all the 1I8Y u 

allowance tor warmup, take-o.r.r, climb, aD:!. reserveJ 15 minute delay' 

allemance at maximum ~urance speed far rendelVOus. 

).	 Fighters f'l1 F~ problem a1'ter leaV'ing &88iBting airplanes, except that 

tip tanks are retained through canbat 1Ihere fuel remains in them at 

combat. In night refueling, fiGhters fiy out to refueling point in 

accordance with outbo\lld portion8 of FooS problElll1. 

4.	 All fuel consumptions increased S%. 

I 

I 

N.~V At-.H :j3t R 

1. . 

i1-~:f' 
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APPENDIX II 

500 EF'F'lOOTS OF LmING WING TIPS 

The simple ooncept of· the aerodynam:Le effects ot w:lng-tip linldng il that 

the increase in span haa a favorable effect upon induced drag. Indeed, the 

effect of llnldng together any number of like aircraft should theoretieallT 

permit all to be flown for the induced drag of only one airplane. For cnd.11ng 

flight where the speed for maximum range is close to that for max1mum lift­

draG ratio, i.e., reciprocating angined aircraft at any altitUde, and gas 

turbine en~ined aircraft at high altitudes, this would result in a ver;y~-

some gain in ranee or endurance. 

Upon closer ex.tinination, however, the situation becomes more canplex. 

Consider the case of two aircraft linked at the wing-tips, &s aketched in 

figure 1. In order to realize the benefito of wing-tip l1n1d.ng, it 111 

necessary to create a span distribution carrying across the wing tip junction. 

Figure 2 indicates how the spanwise location of the center of 11!t on each 

airplane of the team is thus displaced from the center or gravity or that 

airplane. This d1JJplacement sets up a signif'icllllt unbalanced .moment which 

must be tran8lllitted across the wine tip juncture. Because of Itructurcl. am 

possible stability diff'iculties, it is oonsidered more feasible to provide a 

hinged joint at the wing tip, which therefore can transmit no 1IIOII8lt. UDder 

these c1l'CU111Stanees the desirable load1ng must be deetrored b7 \JI8 of aileroDl 

I to a degree sufficient to reduce the IIlOID8I1t at the linJced tip" to &e1'O. Cal­

I culationa at & span distribution that does this, figure 3, 1nd1cate that IOOlt, 

I if not al;,,()f t.he)leneficial effects of linking on the induced drag are 
., '~~Mrl!1f""'1: __._ _____41 11 lID 8 it J I ! i 

:,~,,: ,t t, l!oJ," U \)' ..4" - - - - - - - - - III 01',,;, 1 U' 'i ';'.:I""r'IIII[IoT F't ....tl .. 'l,r.!(1 
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SPAN DISTRIBUTION 
~NGLE AIRPLANE 

OF DESIRABLE SPAN DISTRI­
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CRAFT ~ 

FIGURE I
 

LIFT 
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+ 

tWEIGHT 

FIGURE 2 

VERTICAL FORCES ON SINGLE AIRPi,..ANE 
OF TWO-AIRPLANE - LINKED ARRANGEMENT 

-AILERON NEUTRAL 

'_41L!Qfhi!!£ 

UNCLASSIFIED
 



REPORT NO. DB']]n 
UNCLASSIFiED 

DEPARTMENT OF THE NAVY 
BUREAU OF AERONAUTICS
 

WASHINGTON 25. O. C.
 APP. II
")'~"'''~''I~mCH DIVISION PAGE.2 . _ 

( ...." _... _....-....-._-...- .. -.. _---_._-_._._­ --_ ....._---..., 

destroyed and add:ltional paraaite drag 1s introduced by the aileron deneotiona 

I required to trim. Pre111l:1.n4r7 results of br:l.ef wind tunnel teet. conducted by 

the David Taylor Uodel Balin indicate that tJle calculations ,are correct in 

I order of magnitude. 

I 
Linld.ne of r:lOre than tw:> aircraft, sq, three for example, permits & 

different solution. VIh1.l13 the unbalanced rolling moment problem still exists, 

it can be correoted by the elevators of the outboard aircratt rather than by 

aileron. As sh01ll1 in figure (4), the generation of additional lif't on the 

outboard airplanes, with depressed 11ft on the oenter airplane, oreates a 1_...recti.. in s1;ln. Cal.ukUCIlS of tho effect of tho mutilat.ed span 

l loadingmsulting from this type of night indicate that the penalties an 

I theoretical. induced drag are substantial, but that noticeable gains ~ range 

I or endurance can be realized, by towing with reciprocating eng1ned aircraft. 

I 
,I 
i To swnmarize. 1t is felt that linking of ~ aircraft wing-tip to vdng..t1p 

I will provide eesent~1y no change ~ the drag characteristics or the ilidivid.. 
1 

I ua1 aircraft. HO'llever, llnldnC' of three or more aircraft should. be benefioial
I . 
1 to the range and aldurance, but to a lesser degree than simple theory .,uld. 
! 
I indicate. 

i
i 

I 
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