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TAKE-OFF PERFORMANCE OF VECTORED-JET-THRUST V/STOL AIRCRAFT

1.

NOTATION AND UNITS

Sl British
A cross sectionarea of exhast jet nf ft2
Cp drag coefficient
C. lift coefficient
D drag N Ibf
Dum momentum drag (ram drag) N Ibf
dj diameter of nozzle exit m ft
Fo gross thrust N Ibf
fi. fs, denote functional relationships of type f[...]
g acceleration due to gravity m/s? ft/s?
H o pressure height m ft
L lift N Ibf
m mass flow kg/s slug/s
rﬁj mass flow in exhaust jet at nozzle exit kg/s slug/s
N engine rotational speed rev/s rev/s
p ambient pressure N/m? Ibf/ft?
q kinetic pressure N/m? Ibf/ft2
R radius of curvature of flight path m ft
S wing reference area m? ft2
s distance m ft
S, distance in airborne segment of take-off m ft
Sg distance in ground-run m ft
T ambient temperature K K
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horizontal component of flight-path velocityy xna kn kn
direction
true airspeed (resultant velocity with respect to air) kn kn
equivalent airspeed kn kn
equivalent airspeed at nozzle rotation kn kn
speed relative to deck at end of deck (or ramp) kn kn
jet velocity (true speed) at nozzle exit kn kn
flight-path velocity (resultant velocity with respect to Earth) kn kn
nozzle rotation speede. true airspeed at nozzle rotation kn kn
weight N Ibf
hover weight (in free air), see Sectibri N Ibf
mean airborne hover weight, see Sectipdsland8.5 N |bf
mean hover weight at datum setting in ISA sea level N Ibf
conditions (see Sectidh4)
hover weight corresponding to powerplant setting during N Ibf
ground-run
component of true airspeed,in Zy direction kn kn
component of flight-path velocity/,, , izb direction kn kn
normal Earth-axis co-ordinate (Earth fixed), see Skétth m ft
distance downseéam of jet nozzle exit m ft
normal Earth-axis co-ordinate (Earth fixed), see Sk&tth m ft
angle of attack; angle between aircraft datum and projectiondeg deg
of V on to aircraft plane of symmetry
angle of climb (flight-path inclination angle), deg deg
siny = —ng/VK
air-path angle of climb (air-path inclination angle), deg deg
siny, = —wg/V
change inC, due to ground effect
jet-induced force on intake N Ibf
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S Subscripts

a

w bal
eff
launch
opt
power-off
screen
S
SS
0
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change in lift due to ground effect N Ibf
jet-induced change in lift (“lift loss= —-AL;,4 ) N Ibf

change in normal load factor from steady level flight value

jet-induced change i kn kn

relative pressurep/p,,

jet-induced change ia deg deg

relative temperature‘l,'/T0

jet nozzle angle relative to engine datum deg deg
runway or ramp angle, positive uphill deg deg
nominal ramp angle, see Secti®d.2 deg deg
density of air kg/m? slug/ft
density of exhaust jet gas at nozzle exit kg/md3 slug/f

relative densityp/p,
standard deviation in launch speed (Sec8¢h2 only) kn kn

relative densitypj/p0

angle between engine datum and aircraft datum deg deg

rolling resistance coefficient

denotes value in balancdd;. steady level, partially jetborne
flight (zero acceleration)

denotesffective value

denotes airspeed at end of deck or ramp

denotes optimum value

denotes value with power off

denotes value at take-offreen

denotes value at static conditions

denotes sea strike

denotes value at sea level in International Standard Atmosphere, ISA
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Earth axis

Sketch 1.1 Guide to axes, angles and forces (unbanked flight) (arrows show positive directions)
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2. INTRODUCTION

This Data Item presents some of the more important aspects of take-off performance specific to
vectored-jet-thrust airaft (see Referencé&s7, 12,13) including some general approaches to the estimation

and presentation of performance in the short take-off (STO) and “ski-jump” (curved-ramp) modes. In
principle, the calculation of vectored-jet-thrust aircraft take-off performance is similar to that for
conventional take-off (CTO) airaft. The differences occur mainly in the airborne segment. Consequently,
the Item concentrates on methods of calculating airborne distances and of optimising the overall distance
from rest to the take-off screen. Where procedures are similar to those used for conventional take-off
calculations, the user is directed to Refererteerhich contains a very detailed treatment of the step-by-step
calculation of take-off performance.

Section 3 considers the implications of the vectored-jet-thrust aircraft configuration for short take-off
performance, airframe aerodynamics and powerplant performance.

Section 4 presents the basis of a unique approach to take-off performance calculations based on the
possibility of measuring steady “point” performance at airspeeds down to zero with a vectored-jet-thrust
aircraft.

Section 5 introduces the use of non-dimensionglarameters for take-off performance work with
vectored-jet-thrust adraft. With tis type of aircraft it is possible to obtain a simple direct measure of
installed thrust (the aircraft weight) in the hover, and a consequence of this is that non-dimensional methods
may be used for the analysis and presentation of take-off performance. The application of these methods
to take-off performance calculations is comset further in Seains7.2to 7.4 and8.4.

Section6 deals with the step-by-step calculation of the airborne segment of a short take-off. The calculation
methods include the application of the point-performance data discussed in 8ection

Section7 discusses the procedures whereby the short take-off distance from rest to the take-off screen may
be optimised for land-based operations.

Section 8 considers the special features of take-off with a curved ramp (ski-jump), specifically with
reference tship-based operations.

Appendix A presents a review of those jet-induced aerodynamic effects that are of significance for this
Data Item.

ESDU Copyright material. For current status contact ESDU.

Appendix B provides the background to the choice of non-dimensigretameters used in Sectiohis
7.2to7.4and8.4

Truly non-dimensional relationships (see, for example, Refelf&msgpendixA, Equation (A7)) are rarely used since more convenient,
modified, forms can be derived if:

(i) any quantities which are constant for a particular aircraft type are omitted, for example areas, linear dimensions,

(i) atmospheric properties are expressed as ratios to sea level standard values,

(iii) engine rotational speed and hence engine power are each expressed as fractions or percentages of reference values.

In consequence of (i) and (ii) above, the parameters in this Item are not non-dimensional; however, it is usual to mefexsto the
“non-dimensional” and the practice is retained here. In addition, the rules of dimensional analysis permit the non-diperasiatats

to be regrouped by multiplication or division, provided the number of such parameters is unchanged (see, for example,3Reference
AppendixA, Equations (A8) and (A9)).
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3. IMPLICATIONS OF THE VECTORED-JET-THRUST AIRCRAFT CONFIGURATION

This Section discusses briefly those special features associated with the vectored-jet-thrust configuration
(some of these are highly-accentuated versiordfetts present in othéypes of aircraft). Seans3.1,

3.2 and 3.3 consider performance, aerodynamic and powerplant aspects respectively by making
comparisons with conventional aircraft practice, a knowledge of the latter is presumed. For a wider
background discussion of the characteristics and merits of the vectoredsgtiafleraft confguration, see
Reference$, 7,12, 13).

3.1 Short Take-Off Performance

For a vectored-jet-thrust airaft operang in the short-take-off (deflected nozzles) mode, the take-off
performance and associated speeds are not related directly to wingborne stalling speeds. For this class c
aircraft (as for onventional types) all the installed thrust may be used for acceleration in the ground run
so that the controlling parameters for a short take-off are the speed at which thrust vectoring is applied and
the associated nozzle angle used. In practice, however, forward-flight angle of attack limitations in the
airborne segment of the take-off will probably be imposed.

For hovering flight with vectored-jet-thrust aiadt, the gross thrust required is a fuantonly of the aicraft

weight and the induced aerodynamiacks, which are in turn proportional to the gross thrust, see
AppendixA. The consequent ability to obtain a simple direct measurstaled thrust in the hover.€.

the aircraft weght) makes possible the use of non-dimensional methods for the analysis and presentation
of take-off performance more easily than is the case for conventional takerfoffrpance. See Sections

5, 7.2 to 7.4 and 8.4 for applications of these methods and AppenBixegarding the choice of
non-dimensional parameters.

32 Aerodynamics

Jet-induced external aerodynaritects on lift angitching moment are significant whether thecedft
is in or out of grouneffect.

While thepower-off low-speed aerodynamics of a jet V/ISTOL aircraft are essentially the same as those of
a conventional aeroplane, and may be represented by data in a format similar to that Table 7.2 of
Referencel5, significant modifications are produced by the interactions between the jets and the external
airflow and/or the ground. It is not possible to deal fully here with these aerodyefietits due to their
complexity and, in practice, this complexity also dictates that the necessary data are obtained from model
and flight tests. AppendiA presents a review of those jet-induced aerodynamic effects that are of
significance here and, in particular, the Appendix demonstrates the fundamental imporiifectioé

jet velocity ratio,(VJ-/V)eﬁ , in determining the magnitude of the induced lift loss — expressed by the ratio
(AL, ¢/Fg) -

ESDU Copyright material. For current status contact ESDU.

Note that the effective jet velocity ratifV./V)es , alone may not be sufficient to describe the interaction
of powerplant(s) and airframe for all flight conditions. In some cases the distribution of the parameter
between nozzles may have to be taken into account.
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3.3

3.31

3.3.2

3.3.3

3.34

3.35

Powerplant
Thrust concepts

For all high-performance jet aircraft it is usual to consider the gross thyst, , and momentuld) drag, ,
separately — see Referentéor definitions. For vectored-jet-thrust aircrétits is essential. In this Data
Iltem, whenever the term “thrust” is used, gross thrust is implied, for example as in “deflected thrust”.

Lift ratings

The need for maximum possible thrust for take-off, combined with the shorter times involvearedmp
with those for conventional take-offs, leads to the introduction of additional “Lift-Ratings” which may be
available for periods as short as 5 seconds.

Jet pipe temperatureimiter

Since the pilot is fully occupied during take-off, engine temperature must be monitored and power setting
limited automatically. Typically, the exhaust gas temperature is sensed by probes that are similar in
essentials to those considered in Section 3.4.2 and AppBrdiReferencé — specifically they are likely

to have lag characteristics of the dual-time-constant type.

The thrust available while the engine is subject to control by a jet pépeperature limiter (JPTL) is
transient and depends on the response characteristiothahe engine and the JPTL. Realistic simulation
of engine thrust for take-off calculations therefore requires the modelling of thesetehstics.

Reaction control effects

The need for adequate flight control forces at speeds down to zero is unique to V/&Fraftad on jet

aircraft is met by the use of ré@m controls consisting of small jet nozzles at the aircraft's extremities.
The thrusts from these nozzles are varied by inputs to the same overall control system as operates th
aerodynamic flying controls. The use of reaction contdaites an adiibnal demand for bleed air from

the engine which has the diraxffect of reducingts thrust. However, because of the rise in exhaust gas
temperature associated with the reduced mass flow, there is a secondary effect on thrust if the jet pipe
temperature limit is reached, see Sec8d®3 On the other hand, there may be some compensating and
useful thrust from the pitch and roll reaction controls themselves. The demands for bleed air arfaaa int
between performance and stability and control.

Intake effects

The conventional representation of intake effects on engine performance is in terms of an average total
pressure loss betweereé stream andngine entry. However, for modern installations, and particularly
those where the location of the powerplant may require the use of short S-shaped intake ducts, the effect:
of flow distortion (not necessarily corresponding to #low “losses”) can result irngine performance

losses beyond those that can be ascribed to average total pressure loss. Flow distortion, of course, ha
implications for engine handling as well.

For aircraft where there is alsstantial jet-induced flow field, the intake is also subject to a force induced
by that flow, with implications for both force and moment balances onritrafhj particularly in théover.
This topic is considered in Sectié® of AppendixA.

Or otherwise located.
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4.

4.1

4.2

STEADY LEVEL PARTIALLY JETBORNE (PJB) FLIGHT

Steady level partially jetborne (PJB) flight is achieved when the aircraft maintains constant speed and
altitude in conditions that require the jets to be deflected to obtain sufficient overall lift (jet plus
aerodynamic) to balance the weight.

Use of Calculated and Measured PJB Data in Take-Off Performandcgalculations

The step-by-step calculation of performance described in Se&gtiequires, as input, accurate values of

the forces (or their resultant) acting on the aircraft throughout the airborne segment of the take-off.
Systematic aerodynamic data are usually obtained from model tests or by estimation, while powerplant
data are provided by the manufacturer. However, some (at least) of the data must be determined from flight
test —if only to validate the predictions. Flight-test methods such as those of Sections 5 and@ntRlef

might be used to determine aircraft accelerations and, subsequently, to deduce component forces on th
aircraft (Referencel4 reports an exploratory investigation of these techniques applied to a
vectored-jet-thrust aircraft). However, an alternative approach is to take advantage of the ability of a
vectored-jet-thrust atraft to mantain steady level partially jetborne flight (in which the resultant force on

the aircraft is zero) at all airspeatiswn to zero.

Figurel shows an example of the relationship between PJB level speed, angle of attack, engine speed anc
nozzle angle for fixed airframe configuration, weight and ambient conditions. Such charts may be
constructed initially using wind-tunnel and engine test-bed data and can provide guidance during flight
development work towards transition from/to hover to/from wingborne flight. The basis of this type of
presentation is discussed in SectdbBand Appendix8.

Flight determination of all or parts of Figurke provides confirmation of predicted aerodynamic
characteristics. In addition, since the airborne segment of the take-off employs small accelerations along
and normal to the flight path, it may be regarded as a sequence of perturbations from PJB flight conditions.
Data of the type shown in Figutemay then be used, when non-dimensionalised (see Sé&gtimnsuch

take-off calculations, see Sectién

Balance of Forces in Steady Level PJB Flight

From SketcHL.1the balance of forces along and normal to the air path for steady level PJB flight may be
written as

FGcos(®j+0(+r) -D-Dy =0 (4.2)

FGsin(®j+0( +1) + L + AL,y - W =0. (4.2)

power off

In Equationg4.1)and(4.2)itis assumed that PJB flight isfiee air (no goundeffect) and that jetaduced
effects on drag, D, are negligible. The functional forms of the forces in Equédidnand(4.2) are as
follows.

Fo = 1IN, Vg Hy, T1,
DM = fz[N, Ve, Hp ,T]1

I‘power off = fS[Ve ,al,
D =1f,[Ve,al,
Bling i sV )err: Fo - O % see Appendi\, SectionA2.
= f4lVes Fg s GJ-] [
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Thus, with the inclusion of airaft weaght, the relationships of Equatio(¥1) and (4.2)may be expressed
in terms of the seven variables,

Hy N, T Ve, Woa, O

For a fixed combination of weight, altitude and temperature, the number of variables is reduced\tp four (
Ve, @, ©;). The functional relationships are such that, within the practical operating ranges of the variables,
a vector function can be defined between any pair of these variables and the remairiiieg ipaimbitrary
values are assigned to two of the variables, the other two are determined, seé.Figure

NON-DIMENSIONAL * PARAMETERS FOR V/STOL FLIGHT

A non-dimensional treatment can be applied to vectored-jet-thrusafaitake-off performance with
advantages in the simplification of flight-test planning, in the correlation and presentation of results and in
the ease of derivation of performance for specified conditions. This Section develops the basic ideas and
applies them to steady level PJB flight characteristics.

Take-Off Weight Ratio

The concept of take-off weight ratigy/W,, , originates in flight-test work related to vertical take-off, but
is useful in the wider context of short take-offs.

Free-air hover for a given aircraft configuration and weight, altitude and temperature requires a particular
engine setting, and a corresponding value of installed gross thrust, while airframe and intake force
components arising from the jet-induced flow are shown in Secidnand A5 of AppendixA to be
proportional to that thrust. In consequence, the still-air hover wefght, , is directly proportional to the
installed static gross thrustGs

For vertical take-off (VTO) extra thrust is required (for a given weight) compared to that needed to hover
in free air. This arises from the extra “lifiss™ in adverse ground effect (for some V/STOL aircraft the
ground effect in VTO may be favourable but the general argumerilligpplicable) and from the
requirement for a comfortable rate of ascent to (free-air) hovghthéhere is cosiderable damping of
vertical motion due both to the incremental lift-loss and to momentum drag). Hence the ratio of VTO weight,
W, to the hover weightyV,, , which could just be sustained at the maximum engine speed available for
VTO, is less than unity//W,,  is referred to as the take-off weight ratio. When applied to flight-test results,
the ratioW/W,, is useful in removing the variability in absolute take-off weight due to varying atmospheric
conditions. Flight tests can also be used to establish the practical maximum VAIO&,of as a function
of wind speed and nozzle deflection.

For short take-off (STO) the aim is to lift more weight than in vertical take-off akiiV, > 1 . The greater
the value 01’W/WH , the greater the take-off speed and distichW/WH provides, for short take-offs,
a measure of the relative proportions of lift generated by powerplant and wing.

Truly non-dimensional relationships (see, for example, Refelf&msgpendixA, Equation (A7)) are rarely used since more convenient,

modified, forms can be derived if:
(i) any quantities which are constant for a particular aircraft type are omitted, for example areas, linear dimensions,
(i) atmospheric properties are expressed as ratios to sea level standard values,
(iii) engine rotational speed and hence engine power are each expressed as fractions or percentages of reference values.
In consequence of (i) and (ii) above, the parameters in this Item are not non-dimensional; however, it is usual to mefexsto the
“non-dimensional” and the practice is retained here. In addition, the rules of dimensional analysis permit the non-diperasiatats
to be regrouped by multiplication or division, provided the number of such parameters is unchanged (see, for example,3Reference
AppendixA, Equations (A8) and (A9)).
T See AppendipA, SectiorAl.
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Since short take-offs are carried outgi@e ratings that may be considerably higher than those available
for hover (the relatively long duration of the latter prevents the use of short-period “lift ratings”, see Section
3.3.2, some extrapolation of measured hover-weight data may be required. This requires a knowledge of
the variation of intake installation loss at the higher power settings, but is simplified by the proportionality
of lift-loss to installed gross thrust, see AppendélixSectionA2.

“Non-Dimensional” Partially Jetborne Flight Characteristics

The dimensional PJB characteristics shown in Fiduapply to a particular combination @, H , andT

while the objective of non-dimensionalisation is to produce unique presentations applicable to all weights
and atmospheric conditions. Assuming that for a given airframe configuration the steady level PJB flight
conditions may be fully represented by the seven variables quoted in S&&idime non-dimensional
relationships can be expressed as

Examples of this presentation are given in Fig@rasd 3 See Appendix B for the derivation and validation
of these parameters.
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6. STEP-BY-STEP CALCULATION OF SHORT TAKE-OFF AIRBORNE “ TRAJECTORY

This Section describes the method of calculating short take-off performance for both land- and ship-based
operations using step-by-step calculation methods, with particular emphasis on the use of PJB data in
defining the forces acting on the aircraft.

6.1 Equations of Motion

In principle, the airborne path can be calculated by the step-by-step integration of the full equations of
motion, which, in local Earth axes (see Sketchésand6.1) are,

W.. .

3o = FaCos(® +T+a+vy) = SiVa(Lpoyer.off * Aling * Alge) — (Dycosy, -Dcosys) (6.1)
W.. . . .

—azg = FGsm(@j +T+0 +ya) + COWa(Lpower-off"'A'—ind"'ALge) - (DMsmya—Dsmya—W). (6.2)

Hence from the initial aircraft mition and velocity, appropriate step-by-step numerical integration
procedures provide the take-off trajectory andraftarelocity-timehistory. The general calculation method

is applicable to all forms of short take-off and details of the practical calculation procedures are given in
Section6.3 for both land- and ship-based operations. The use of the calculation method for optimising
take-off performance is discussed in Sectidrsd8.

6.2 Equations of Motion for Use with PJB Data

During take-off the accelerations along and normal to the flight path are small and one method of solving
Equationg6.1)and(6.2)is to utilise the data for partially jetborne flight discussed in Sedtidn do this,
Equationg6.1) and(6.2) must be rewritten, as follows, in terms of a perturbation from the steady level PJB
flight condition illustrated on the left-hand-side of Skeéch to a climbing acelerating fight condition

as on the right-hand-side of Skegh.

For any pointin the airborne segment (or “step” in its calculation) the values of the parameters hover weight,
Wy, equivalent airspeed/,e , and angle of attack, ,taken together, can be used to define a corresponding
steady level partially jetborne flight condition (see Figtesd3). The corresponding gross thrust may

also be determined. For such a PJB flight condition, if theradirwedght and nozzle angle are denoted

Wha andej ba (Signifying balanced-flight, see left-hand-side of Skéttfy the sum of the airframe and
momentum drags is given by Equati@hl) as

ESDU Copyright material. For current status contact ESDU.

(D+Dy,) = FgCoY0O; |, +0 +T1). (6.3)

i bal
Similarly, the power-off lift is given by Equation (4.2%

L - AL - FGS|n(®jba|+0( +71) (6.4)

power off = Whal ind, bal

whereA Lind is the value &AL, associated with the PJB flight condition.

,bal

" “Airborne” is used to denote this segment of the take-off and not to imply that the aircraft is wholly supported by wirtgejjkfbera
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Since the values dD +D,,)  ardyower off are the same for both the PJB and actual (accelerating) flight
conditions {.e. on both left-hand and right-hand-sides of Ské&td, these parameters may be eliminated
from Equationg6.1) and(6.2) by substituting from Equation$.3) and(6.4). The resulting expressions

for accelerations along and normal to local Earth axess fdbws.

W

a)‘(g = FG[COS(@J' +T+O+Y,) _Cos(ejbal +T+a+Y,)]
W.. . .
- azg = FG[S'n(@j +T+HA+Y,) - sm(@jbal +T+0+Y,)]
- [W— W, cosy,] + [AL; 4 — ALind,baI + ALge] Cosy,- (6.6)

Thus the accelerating forces are equal to the actual forces minus the corresponding PJB forces (note the

8 for take-off from a ship the terrzf_\Lge can usually be ignored for the airborne segment).
o
o AL
= ge
)
§ Lpower off
wn (Lpower oft T BLjngt ALqe)
> \
= ALind, bal \
] L LI
s power off (fgx ) ) |
T L power off + Blind, bai’ T
S ————
= F | —— oo
>
(8] 6 i FG ! ]
o i |
o : l
.‘_1; e'bul ! Fy sin(Ojbd+-r+a) 8; : i
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Sketch 6.1 Vector diagrams of PJB and accelerating flight conditions
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6.3 Calculation Procedures

Sketch6.2 gives a summary of the calculation procedure for the airborne segment. To calculate a particular
airborne trajectory, values are required for aircraft weight, engine speed (either constant or as a function of
time), nozzle angle, nozzle rotation or launspeed, runway or ramp gradient(s), wind speed, pressure
height and ambient temperature. The calculations are simplified if angle of attack is specified as a function
of time (although there is no reason why they should not include the “pilot in the loop”, in which case the
angle of attack is calculated simultaneously with the trajectocgrdng to some prescribed pilot control
actions). The take-off technique is to rotate the nozzles to a pre-determined angle at the nozzle rotation or
deck-end speed and one of the objectives of the calculations is to establish optimum “scheduled” values
of both nozzle angle and nozzle rotation or latirsgeed, see Sectiofignd8.

Knowledge of the engine setting (speed) for take-off, including, in general, the transient response under
JPTL control, enables the value of hover WeigN;‘ , to be determined for each step in the calculation.
For known values ofV,; Y, and the non-dimensional PJB data (see Figamesj may be used to
determine the weight of@raft, W, ,, , that ould be sustained in steady, level, PJB flight at these conditions
(by an iterative procedure) and the corresponding nozzle a(a%l? . During the take-off the actual lift-loss
differs sightly from that in PJB flight due to theftiirent nozzle agle. Given the value dv,, already
calculated it follows, from the discussions of Secitohand AppendixB, that knowledge oF Wy
together with a small allowance for the effect of forward speed, enablestaked gross thrusFG ,and
effective jet velocity ratio to be determined. From these data and a knowledge of the lift-loss characteristics
in the form of FigureAl the perturbation of lift-loss,e. the quantitfAL;, ,— AL nd. ba I] in Equations

(6.5) and(6.6), can be established.

For the airborne segment of ship-based take-offs, theAdr can be omitted from Eq6&)ams

(6.6). For land-based short take-off the presence of ground effect must be taken into account. From
wind-tunnel data such as those presented in Fi§Riieis straightforward to include the appropriate force

in the step-by-step calculation procedure. Its dependence on angle of attack, nozzleffadile, jet

velocity ratio and height, however, requires the preparation of a significant quantity of data in addition to
those required for ship-based take-offs. Note that although gedfteu falls off fairly rgidly with height

this does not diminish its importance. For example, Figireuggests that the grouetfect is of greatest
significance for only about 25 per cent of the height from nozzle rotation to the (50 ft) screen but for a
typical VISTOL aircraft this can represent up to 50 per cent of the time taken to that screen.

6.4 Practical Flight Considerations

ESDU Copyright material. For current status contact ESDU.

The short take-off of a vectored-jet-thrust aircraft from a ship is generally likely to be simpler to execute,
from the pilot's point of view, than a land-based STO due to the absence of gfteatdAs hdicated in
Appendix A, the jet-induced effects in forward flight inek-air include a (generally nose-up) pitching
moment. The groundffect in STO, on nozzle defléan, is usually the reverse; the “fountains” produced

by reflection of the interacting jet flows after impingement on the ground re-impinge on the rear fuselage
and/or tailplane and produce a nose-down moment. This adverse (with respect to rotation) initial moment
followed by the change to adverse (with respect to “capture” of the target angle of attack) nose-up moment
as ground effect disappears, together with the unstable nature of the latter, tend to make the land-based ST
the more demanding task. In contrast, a ship-based take-off may, initially, be made “hands-off".

* “Launch speed” is thairspeed (true, equivalent or indicated, as appropriate) at the end of the deck or ramp. “Deck-end speed” is the
speed relative to the declat the end of the deck or ramp.
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TIME-DEPENDENT

INPUT DATA
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Nozzle angIer
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angle| W Ve
ya A 4
| T T 4 )
| | | P Pitch control A 4 4
S | | al ~ calculation of
9-, | /\_| Iterative calculation of angle t(')f attlack,
u | IVe weight, W,,, , for PJB, a (optional)
S CONSTANTS || L | 7| flight and henceV,/ Wiy,
e AND AMBIENT | | See Figur@ and Sketclf.1| ¢
o CONDITIONS V:/
° | | H ENGINE
= drT LT > I2a) M /T\_| PERFORMANCE
g i P’ | | Ho, T (N, JPTL effects)
A
= [ wi Hover Gross
c Windspeed or | |
\ i
qt) E wind over deck | | o, Wyq L« weight W,, | thrust F
3 . , I B AN . :
i Engine setting LM N - /T\_| Calculation of fuel
£ angle, T | " V, flow and current J
— | | Calculation of nozzle N | weight, W y
2 | | angle,;,,, , for PJB ——
% | | flight. See Figure and N Calculation of
E | Sketch6.1 (Vj/V)effv see
o. .
£ A Y | | ] SectionA2.
g’ | | ejbal' o, Wya Y w \ 4
= | . _ _ _ _|calculation of o, v
S A accelerations; % -—f.\—4—\ PN )
S T |using Equationsg.5), A N AN
= A (6.6). ] r\_‘_/\ 2 D
D | ] < 4
o
| I["Calculation of jet-
Ya alculation of jet A e
| w 7Y > induced lift loss, G
| 99 N ALjpg andaL, o
- o, Figurél. ' -
LT\ Integration of Ibal see kg '
> | accelerations¥, %,
Hy T to obtainV , henc®/ V, AY AL
Integration ofV, to give (Vi) o5 47 4% ge
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start of segment and 1| Calculation of
climb angle,y, . L. a grOl_Jnd effect
— ] —» on lift Ioss,6Lge ,
| height see Figuré\2
V, + 4 gure2,
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Sketch 6.2 Calculation procedure for airborne segment
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