INTERNATIONAL ISO
STANDARD 1151-9

First edition
1993-09-15

Flight dynamics — Concepts;-‘quantities and
symbols —

Part 9:
Models of atmospheric motions along the trfajectory
of the aircraft

Mécanique du veh= Concepts, grandeurs et symboles —

Partie 9: Modeles de mouvements atmosphériques le long de la trajectoire de
l'avion

= — Reference number
—_ 1ISO 1151-9:1993(E)


https://standardsiso.com/api/?name=99069660b004360f8031e59d5cc9fd90

ISO 1151-9:

1993(E)

Foreworcli

ISO (the Intern
of national st3

ational Organization for Standardization) is a worldwide federation
ndards bodies (ISO member bodies). The work of preparing Inter-

national Stanglards is normally carried out through ISO technical committees.

Each member
been establish
organizations,
take part in t
technical Com

Draft Internati
to the memb
requires apprd

International

body interested in a subject for which a technical committee has
ed has the right to be represented on that committee. International
governmental and non-governmental, in liaison with 1SO, also
ne work. ISO collaborates closely with the International Electro-
mission (IEC) on all matters of electrotechnical standardization.

bnal Standards adopted by the technical committees are circulated
er bodies for voting. Publication as an International Standard
val by at least 75 % of the member bodies casting a vote.

Standard 1SO 1151-9 was prepared by Technical*Committee

ISO/TC 20, Aifcraft and space vehicles, Sub-Committee SC 3, Concepts, quan-

tities and sym

ISO 1151 con
namics — Cor
Part 1:
Part 2:
Part 3:

Part 4:
stabilit

Part 5:
Part 6:
Part 7:
Part 8

bols for flight dynamics.

sists of the following parts, under the general title Flight dy-
cepts, quantities and symbols :

Aircraft motion relative to the air

Motions of the aircraft and the-atmosphere relative to the Earth
Derivatives of forces, moments and their coefficients

Concepts, quantitiescand symbols used in the study of aircraft
and control

Duantities used-n measurements
Aircraft geometry
Flight points and flight envelopes

Concepts and quantities used in the study of the dynamic

behaviour-of the aircraft

© I1SO 1993

Part 9: Models of atmospheric motions along the trajectory of the aircraft

All rights reserved. No part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm,
without permission in writing from the publisher.

Internationa

| Organization for Standardization

Case postale 56 ¢ CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland



https://standardsiso.com/api/?name=99069660b004360f8031e59d5cc9fd90

ISO 1151-9:1993(E)

ISO 1151 is intended to introduce the main concepts, to .incl
important terms used in theoretical and experimental studies :
possible, to give corresponding symbols.
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In all the parts comprising ISO 1151, the term “aircraft" dengtes a vehicle

intended for atmosphere or space flight. Usually,\it“has an essen
starboard symmetry with respect to a plane. That plane is dete
geometric characteristics of the aircraft. In that' plane, two orthog
are defined: fore-and-aft and dorsal-ventral. The transverse dir
perpendicular to that plane, follows.

When there is a single plane of symmetry, it is the reference plane
When there is more than one plane of symmetry, or when therg
necessary to choose a reference plane. In the former case, the ref¢
one of the planes of symmetry. In the latter case, the reference pla
In all cases, it is necessary to specify the choice made.

Angles of rotation, angular velocities and moments about any ax
clockwise when\viewed in the positive direction of that axis.

All the axis systems used are three-dimensional, orthogonal and
which:implies that a positive rotation through n/2 around the x-
y-axis/into the position previously occupied by the z-axis.
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INTERNATIONAL STANDARD ISO 1151-9:1993(E)

Flight dynamics — Concepts, quantities and symbols

Part 9:
Models of atmospheric motions along the trajectory of the
aircraft

9.0 Introduction

This part of ISO 1151 deals with the concepts and quantities characterizing models of the air motions affectirlg the dynamic
behavioun of the aircraft.

The motign of the air with respect to_the Earth is defined by the wind velocity (2.2.3) in each point of the airpraft trajectory
(8.2.1).

In flight dynamic problems,(itis usual to use mathematical models of the wind velocity field and its variatipns with time.
These are|schematic représentations of the real air motions.

In this part of ISO 1451, the following models are defined:

— constpntwind (9.1);

— wind gradients (9.2);

— discrete gusts (9.3);
— three-dimensional wind models (9.4);
— vortices (9.5).

Other models can be defined by superposition of these models.
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9.1 Constant wind

No. Term Definition Symbol
9.1.1 Steady wind Wind model defined such that the wind velocity (2.2.3) is constant —
with time.
9.1.2 Constant wind Wind model defined such that the wind velocity (2.2.3) is constant —
with time and equal at each point in a considered space.
NOTE — This is the wind model used in other parts of ISO 1151.
9.13 Mean wind velocity Constant wind (9.1.2T defined conventionally in models that include 5
variations of air motion with time. Vw
Vi jTV d
Vw =— t
W=7 ) w
where
i . .
Vi is the wind velocity (2.2.3);
T is the length of the considered time interval.
NOTE — In wind models characterized by wind velocity variations only with
time, the mean wind is the same in each’ point along the considered
trajectory.
9.2 Wind gradients
No. Term Definition $ymbol
9.21 Wind gradient Windumodel in which the variations of the wind velocity —
%~ are equal to zero with respect to time, and
— are continuous functions of the coordinates with respect to the
normal earth-fixed axis system (1.1.2).
. . . - . . .
In this case, the variation AV, of the wind velocity with respect to
these coordinates is given by:
Ao Hwy My, w | Axo
AViwo =| Bvwo 1= vwe  Ywy  Yw: || Ayo |Where
Awwo Wwe  Wwe Ww: Azy
dityyg diywo
e = , Uy, = , etc
- -)‘.U ! .)."'U
and Axg, Ayy, Azg are the variations of the coordinates.
9.2.2 Constant wind gradient Wind model in which the wind gradient (9.2.1) is the same at each —
point in a considered space.
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9.3 Discrete gusts

9.3.1 General description of gusts

ISO 1151-9:1993(E}

velocity (9.3.1.2) with respect to an axis fixed in the horizontal
plane xgy, (1.1.2) is different from zero.

NOTE — In this case, the direction of the axis with respect to the normal
earth-fixed axis system (1.1.2) should be specified.

No. Term Definition Symbol
9.3.1.1 Gust Wind model characterized by a deterministic and rapid variation of —
—
the wind velocity Vi (2.2.3) causing a variation of the air
—
velocity V (1.3.1).
. - = -
93.1.2 GusTVeltoTity Component of the wittd-vetotity vy, t2:2:3attributed 1o the gusT ] Ve
(9.3.1.1).
Gust speed Magnitude of the gust velocity. Ve
9.3.1.3 Gust profile Function of distance on the aircraft trajectory (8.2.1), ot’of time —
characterizing the gust velocity (9.3.1.2) in a gust model:
NOTE — The gust profile is characterized by:
— an initial value zero of the gust velocity;
— the characteristic gust speed (9.3.1.4);
— the direction of the gust;
— the final value of the gust velocity.
9.3.1.4 Characteristic gust speed Maximum value of the gust spéed (9.3.1.2) in the gust model. —_
9.3.15 Characteristic gust length Shortest distance on the'aircraft trajectory (8.2.1) corresponding to lg
a variation of wind speed Vyy (2.2.3) equal to the characteristic gust
speed (9.3.1.4).
9.3.1.6 Longitudinal gust Gust profile (9:3.1.3) in which only the component of the gust —
velocity (9.3.1.2) with respect to the air-path axisx, (1.1.6) is
differentfrom zero.
NOTE.— A longitudinal gust can also be defined using the component with
respett to the longitudinal axis (1.1.5).
9.3.1.7 Lateral gust Gust profile (9.3.1.3) in which only the component of the gust —
velocity (9.3.1.2) with respect to the lateral air-path axis y, (1.1.6) is
different from zero.
NOTE — A transverse gust can be defined using the component with
respect to the transverse axis (1.1.5).
9.3.1.8 Normal gust Gust profile (9.3.1.3) in which only the component of the gust —
velocity (9.3.1.2) with respect to the normal air-path axis z, (1.1.6) is
different from zero.
NOTE — A normal gust can also been defined using the component with
respect to the normal axis (1.1.5).
9.3.1.9 Vertical gust Gust profile (9.3.1.3) in which only the component of the gust —
velocity (9.3.1.2) with respect to the vertical axisz,(1.1.2) is
different from zero.
9.3.1.10 Horizontal gust Gust profile (9.3.1.3) in which only the component of the gust —_
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9.3.2 Standard gusts

In studies of the dynamic response of aircraft to atmospheric disturbances, various standard gust profiles (9.3.1.3) are used.
Other gust profiles can be defined on the basis of the standard gust profiles listed below.

In the following clauses, the following symbols are used:
a constant value
i alphanumeric subscript characterizing the considered atmospheric disturbance

t, initial instant of the atmospheric disturbance

At characteristic time interval
All the standard gust profiles are zero for 1 < t,,.
If 1, = 0, reference to the initial instant may be omitted from the symbol.
The characteristic time interval, Ar, can be omitted from the symbol if it is clearly defined.
No. Term Definition Symbol
9.3.2.1 Step gust Gust model in which the component of/the gust velocity (9.3.1.2) Ii(ty)
along the considered axis varies as¢a“step function (8.5.1) with
respect to time:
Feli)= 0 ifr<ty
Gito " Na ifr21,
9.3.2.2 Ramp gust Gust model in which the‘ecomponent of the gust velocity (9.3.1.2) odi (1o, A)
along the considered;axis varies as a limited ramp function (8.5.3)
with respect to time:
0 ifr<t,
Pgilto, A1) =1a ';;" ifro<t1<ty+Ar
a ifr>1,+A1
9.3.23 (1 - cos) step gust Gust model in which the component of the gust velocity (9.3.1.2) ¥ (5, A1)
along the considered axis varies with respect to time according to
the law:
0 ifr<iy
Wgilto, An) = i(1—cosn—(t—_-'—°)-) if o <1<ty + Ar
2 At
a ifr>1,+A1
9.3.2.4 (1 - cos) ptlse gust Gust model in which the component of the gust velocity (9.3.1.2) Q4i (15, A1)
along the considered axis varies with respect to time according to
the law:
[0 ifr<t,
0. D
£5i(te, A1) = -‘1[1—005MJ ifro<t1<1,+0r
2 At
0 ifr>1,+ A
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9.4 Three-dimensional wind models

No. Term Definition Symbol

9.4.1 Discontinuous wind shear Wind model defined by the juxtaposition of two constant winds —
(9.1.2) on the two sides of a plane, with different velocity vectors
parallel to that plane.

NOTES

1 This concept implies necessarily the existence of a discontinuity across
the separating plane.

P . o - 1 i - P o s -
Z— T Crossmyg—the separatmyg—piane; thearrcrait 1s suoject to- a charge it

wind velocity as in a step gust (9.3.2.1).

3 Itis possible to replace the separating plane by a thin layer in whichthe
wind gradient (9.2.1) is large but limited.

9.4.2 Downburst Three-dimensional wind model characterized by: —
— acylindrical symmetry with respect to a vertical axis,
— high downward wind speed.

NOTE — The wind velocity is essentially vertical ‘in/the upper part of a
downburst and horizontal near the ground.

9.5 Vortices

No. Term Definition Symbol
9.5.1 Vortex Wind model characterized by the rotation of the air about an axis. —
9.5.2 Rankine vortex model Vortex (9.5.1) model in which the local air velocities are contained —

in planes normal~to the vortex axis and are tangential to circles
centred on this\axis.

The speed.of the air at a distance » from the vortex axis is:

Y=V, r for r<1
and
V
Vy=-% for 21
r
with 7=—
I'n
where

r, is the radius of the vortex core;
V, is the tangential speed of the air for r = 1,

NOTE — In the Rankine model, the air inside the core rotates at identical
angular speeds.

9.5.3 Empirical vortex model Vortex (9.5.1) model in which the local air velocities are contained —_
in planes normal to the vortex axis and are tangential to circles
centred on this axis.

The speed on the air at a distance » from the vortex axis is:

S

2r
W=V —
T+
with 7 =—
"n
where

rn is the radius of the vortex core;

Vv, is the tangential speed of the air for r = 1y,
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