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PR OBLEM OF INVEST IGA TING TAKEOFF—LANDING CHARACTERISTICS 3? JET

AIR CRAFT WIT H SR3R? TAKEOFF AND LAND ING RUN

V. I. Sum s

In exawining the aerodyna sic and takeoff an d landing

characterist ics of jet aircraft with a short takeof f aid laidiag rea

(STOL) (Q’Bfl~ aid vsrtical takeoff and landing (VTOL) ICBBn,) 1 1—6 )

the negative effect of secondary forces induced by the jet stre ss of

the engine as a result of its ejection properties is not considered.

Th is can be so substantial that for sose STOL cysts.. (?L~ . 1)

airplanes equippe ~ with boundary—layer control I ~nc) say be

preferable.

) I I •
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Here we encounter the  question of j u s t i fy ing  the deve lopment of

certain type s of ai r cr sf t  or , in any  case, det ermining the  l imi t  of

their feasible use. For th is  we need an exhau stive comparative

analysis of these types of a i rcraf t .  This would include analysis  fro.

the stand point of the takeoff an d landing and flight characteristics

and from the stand point of safety and economy.

In this article we examine one aspect of the indicated problem:

Taking int o consideration the secondary forces wh ich are

characterist ic of cer tain  STOL systems, we compar e (Figs. 2 and 3)

- 
the distances of the takeof f run and takeoff of the following

• hypothe tical jet destroyer — type aircraft.

1. St andard a i r c r a f t  used as origina l wi th  typical wing

• geometry : swept or t r i angu la r  in plan , low aspect ra t io an d great

taper, supersonic profile.

2. STOL with om. l i f t ing engine with th rs st P~ aid sista iner

• engine  w i t h  thrust P., locat.d on the fuselage (scheme 1, Fig. 1).

• 3. STOL wi th  a single l if t—sustainer engine of t h rust  ~~i.. ii tk •

fusel age (scheme 2 , rig. 1).

I. An aircraf t with a standar d boundary layer blow—of f system

I
______________________________ ~~~~~~ ::~~~~~::~-.
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(BLR) through a slot on the upper surface of the deflected f la p. This

system is found ~n ser ies—prod uced a i r c r a f t  w i t h  turbojet  .mgia.s.

3a sed on st at i st i ca l  data , the coefficien t of lifting force C, of

such a i r c r a f t  wi th  the wing geometry described in paragraph  I

Increases by approximately 0.25 for a 100/s air  bleed f rom the engine

compressor, while thrust drops by ISO/o.

5. Ai r c r a f t  v i t h  e f f ective bounda ry—lay er  control systems , for

exam ple, com bina tion, wh ich combines proceeding boundary-layer

blow—off system with air suction through slots along leading edge of

Wing. This system can provide .ff.ct ive lacimar isat ion of the f low

past the en t ire w i n g an d increas. C, by 1~C~~~ O,65 for a 20S/. b leed of

air from the engine and a 200/. reduct ion in its thru st .

Let us make  the following assumptions.

1. The thrust of the engines of the studied aircraft changes

with respect to takeoff velocity according to the law

‘PP ’u. P.—j p V

where P0 is static thrust ; dP/dV — conet 0.1.

2. The quantit ies  which depen d on the speed of the  takeof f run ,

inc lud ing  secondary forces, are  averaged and are considered consta nt

~~~~~~~~~~~~ ~~~~~~~~~~~~~~ i ’ ~~~~~
l
J 
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in the process of the ta keo ff an d lif t, which gives us an error of

about 2O0/~ and is considered permissible in a rough estimate of the

secondary forces.

1. For aircraft 2 and 3 the thrust losses which are caused by

air which is contaminated by dust and heated by the jet st ream being

drawn into the air intake (
~ 1 as well as by the secondary jet stream

(2, 7) con st i tu te  
~~~~~~

4. The thrust vectots of the lift and lit t austatast ..gta.s of

STOL deflected from the vertical by angles of ~~ and ‘sw .

respectively, (Pig. 1) at. constant durin g takeoff (in gaining

altitude angle t~~ of aircraft 3 equals 90°). Aug11 Si, ii selected

from the statistics and is equal to 12° (8), while b.. is calculated

(4) by formula

~~0 ~
~~~, a w _’ 

~~~~~~

5. The direction of the thrust vectot. of aircraft 1, Ii, and 5

and of the thrust of the  sustainer engius P. of aircraft 2 coincide

with the direction of motion.

6. For aircraft * and S coefficient C1 daring takeoff are

assumsd to be the same as for the origina l aircraft 1, because the

boundary—layer bl,v—off system increases inductive resistance by

• .• 
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-
• decreasing profile resistance.

7. The height of the barrier during takeoff is considered to be

13 m .

8. The aerodynamic characterist ics of the airframes of the

compared aircraft and  the thrust characteristics of the engine s are

ident ical.

The secondary forces during the takeoff of a STOL (just as in

gaining altitude) can be considered as follows:

C,,.~C ,—6C,,; C,i-C,,+AC,,.

wher e C,, and C,, represent the coeff icient  of l i f t  and drag,

respectively, during takeoff without secondary forces considered.

The coefficients of decrease in lift AC~ and increase in drag

AC., due to second a ry forces must be determined experimentally in view

of the complexity of their mathematica l interpretation. Noweve r ,

bearing in min d assu.pt ion 2, in the case of rough calculation s these

coefficients can be considered from the following approximate

lependences, which were obtained on the basis of processing

theoretica l and experimental studies (2, 5, 9, 10) and are in

satisfactory agreement with experimental data:

— 

-
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AC,,~~ k.(f )~~ £C.,~~k, ,

where is the ratio of the distance from earth to

the fuselage (Fig. 1) to the diameter of the

jet stream;

— ratio of discharge velocity of the jet

stream to the average speed of the takeoff

run:

H
- ratio of area of the cross section of th e H

stream to the wing area;

k1, k, — correct ion coef f ic ien ts, which are

functions of the discharge angle of the jet

~~~~~~~~~ th. angle of attack of the wing a,

the anqi. of deflection of the flaps &.,

the angle of deflect ion of the elevator ~~~..

and other parameters.

These dependencas also apply to investigated STOL which have a

rectangular wing in plan form and h 0.9—1.2.

• “•
-
~~~~~-
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The takeoff iistance is calculated by formula

The len gt h of the takeoff  run Ip was deter mined by f o r m u l a

wh ich is approxima te, wi th an error of less than 20/., by solving an
integral in the form of

V.,,
_ _ _ _ _

~

obtained from the general expression for the distance of the takeo ff

of the run

Prom the equat ion of notion during the takeoff run

—

vs can dete r*jns th . value of acc.l.ration

wher e

C_ B—S V.
For aircraft 2

(1)

— —a
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O.I (l +~ n,.+ IcDs ,.)
5=2 ,S(C~~_1C,~) 

S (2)

‘or aircraf t 3

5=2 
~~~ —~~~~ 

(3)
~~~~~~ ‘,,j

while in expressi3n (1) we must replace thrust  P.. by P...., angle f.

and ~~~“, and make thrust P.. equal to zero.

For aircraft 1, S$, and 5 in expression (1) and (3) tn =~~n •. —~~~
°.

while thrust P.n is assumed equal to zero, and thrust P.. is replaced

by the thrust of ths corresponding aircraft.

The d istance of l i f t and ta keoff run with an obstacle 15 m hi gh

is calculated by the know n formula

1

As an exampl e let us calculate the takeoff characteristics of

the hypothet ical  a i r c ra f t  indicated above with the following data :

weight of aircraft G 9600 kg, specific loa d on win g ~ = G/S = 1400

kq/m’; gravi tat ional acceleration g = 10 u/se ; air density p = 0.125

kg 52/.4 : coefficient of friction force f = 0.03 (dry concr’~te

- .  J T T ~~ - -
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runway) ; thrust—to—weight ratio values of aircraft ~ 0.6, 0.7, 0.8,

0.9; .,— 2 t s., — 10’; 1.— 15’, for aircraft 2 k 1 —— k, —— k —— 0.906; for

aircraft 3 the value of k changes over a range of 0.25—0.6 8, ~ =

1.06, ~ = 4 , S = 0.0236; the values for the aerodynamic coefficients

for the original aircraft 1:

C,, — 0,56; C, — 0,1; C,,, — 0 ,96; C,, — 0,67; C1, 0,2.

The results of calculating the dependences of the t akeof f  run 1,

and takeoff 1 distances of the studied aircraft on thrust—t cr-....tgh t

ra t io ‘ = P/G are ~hova in Figs. 2 and 3. They can be used as the

basis for the following ded uct ions.

1. Of the studied airplanes, number 2 apparently has

significantly greater takeoff run and takeoff distances. This can be

explained by the negative effect of the jet stream, which as a result

of drawing in (ejecting) the atmospheric air surrounding the a ircraft

creates a force which is opposite the listing force (secon dary

force).

2. If special measures are not taken, then the effect of the

secondary forces may prove to be so great that aircraft 2 may even be

infer ior in its takeoff characteristics to the original standa rd

aircraft 1, not to mention aircraft 5, which is equip ped w i th an

effective boundary layer control system.



DOC — 179 1 PAGE 10

3. In studying the takeoff and landing characteristics of jet

short takeoff and landing aircraft of var ious systems we m ust

• consider the effect of secondary forces, whic h , as indicated at the

beginning of this ar ticle, are ignored in many studies. 14. on

the basis of certain select criteria we must conduct an exhaustive

comparativ e analysis of STOL and aircraft wit h promising modern

boundary—layer control system in order to determine the boundary .

wh ich indicates when we must give preference to a certain type of

• aircraft.

5. It may happen that development of individual S1’OL systems,

which at first glance appeared promising from the standpoint of

takeoff an d landing characteristics, will turn out to be entirely

inadvisable because of the advantages of aircraft with bou ndary—la yer

control systems.

6. Aircraft 3 occupies an intermediate position between com pared

aircraft. lip to the value of t —— 0.7 it is only slightly inferior to

the original aircraft, at t —
~~~ 0.7 it is equal to it , at t > 0.7 it

• significantly surpasses aircraft 1, and when t ) 0.8 it is even

preferable to aircraft 4.

- •~~ ~~~~~
.
.- -.•• - 
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7. The problem of secondary forces is one of the many problems

encountered in creat ing short takeoff and landing and vert ical

t a keo ff and landing aircraft. It is rather complex, especially its

theoretica l side. To resolve this problem deep theoretical and

experimental studies must be conducted
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Fig. 1. Schemes of studied STOL.

Fig. 2. Takeoff run  distance 1~ as function of thrust—to-weight ratio

of aircraft: 1, 2, 3, 1$, 5 — airplan es Compared.

~iq. 3. Takeoff distance ~a. as a function of weight—to—thrust ratio

of a i rc raf t :  1, 2, 3, 1$, 5 — airplanes compared.
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