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. Notes on Definitions of and Nomenclature for Air Speeds*
The Staff of the Aeroplane end Armanent Experinental Establishment,
Bosconbe Downe
Corrmnicated by the Principal Dircctor of Soientific Rescarch (Air),

Ministry of Sunply

22nd Noverber, 1950

‘e Introduction

The true air speeds of alrcraft are commonly derived firom
the readings of "air specd indicators" which are in fact sensitive
pressure gauges. In this derivation a nunmber of poremeters occur vhich
are defined slightly differently by different users. In some cases the
samc nane is given to two differcently defined quentities.

The definmitions and notations adopted by five bodies
(B«S+ Glomsary, R.Ae,S., Air Ministry, the U.S. and I,C.A.0.) are
discusscd below and comment made on the possibilities of confusion
between them.

2¢ The Paramcters Used

- The various peraneters used by the various authorities in
connection wath alr snpeed measurcment are listed below.

(i) The actual reading of a particular instrument in a
particular aircraft.

(ii) The instrument resding (i) corrected for instrument error.

(iii) The instrument reading (i) corrocted for instrument error
and for errors in registering free stream pitot and static
preasures.,

(iv) The instrument reading (i) corrocted for instrunment error
and for errcrs in registering the free stream pitot and
static pressures vhich would ocour at ground level at the
sane value of the instrument reading.

(v) The true spced of the eircraft relative to undisturbed air,
mltiplied by the square root of the relative air density.

(vi) The true air speed of the aircraft relative to the undisturbed
air.,

The rclations between these paramctors and their relation to
the pitot ond statio pressures are given in Appendix I together with
the significance of various correction processes employed.
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*This paper is appendix to A+R.Ce 13,570, received 22nd Noverber, 1950,
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The Terms Used for these Parameters by the Various Authorities

The terms used for these parameters by various authorities
are tabulatced below:=

-

A g g e -r ----- -
Parameter] British ReAceDs
(section 2) Stenderd | Data
Glossary | Sheets
-------- e VR B e oy e - F----——-——-1
Arrspeed
Tten (1) indicator |Not used
reading
| (A.S.I.R.)L
Indicated | Indicated
Tten (ii) | air speed | air specd
(LeS.T0)
Tten (i1i) | Not used |Not used
-—*-------4 ---------- r ————————
Iten (v) Not used | Not used
—————————— —J——-—-—-_——-.—_-—-’—m-— 2l
Equivalent Equivalent
Iten (v) lair speed jair specd
(EaAsS4) ] (E.4.8,)
__________ T .-...,_.___.-.-..4.-..———--..——-1
‘ True air | True air
Iten (vi) speed speed
(T.£.8.) | (T.A.5,)

The following comments nay be nade:=

o O O e, et Y

Alr, Min. ]
(Leee American
navigation)
——————————————————————— -4
Indicated {Indicated
air gpeed |air speed
(Il-t’l.'so) _I(I'A.S.)
Not used | Not used
Not uged [Calibrated
at present joir speed
(CadeSs)
Rectified
air speed | Not used
(RO&I‘LIS' )
Equavalents
Not used |air speed
(Eeh.Se)
True air | Truc air
speed apeed
(T.8.84) | (T.AM8,)

I.C l-A..O.

.y T S

Not used

Indicated
air spced
(I+845.)

ot used

o o T

ot used

Equivalent
air aspeed
(E+AeBSe)
also
Calibrated
air sgpecd
(C.4.5.)

-

True air
speed
(T.4.5.)

Lo e v o v i e 2t s 0 ik e B et it o s Ot

(a) The major inconsistency eppears in the I.C.A.0, definition

of CehiaSo }
such is either redundant or incorrectly defined.

this is in fact identical with E.A.5. and as

There is

a grave possibility of confusion with the American C.A.S.

(b) Indicated airspeed is not consistently used, there being
a roughly equal division between the instrument reading
corrected and uncorrected for instrument error.

Point (a) has been raised with the AJR.Bs

Inconsistency in

the definition of indicated airspeed iz inconvenient but the
quantitative effects are not large.

Fuller details of the definiiions, nomenclsture and notation
used by the various authorities is given in Appendix II.

baf
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L. DNotation Used for these Parameters by the Various Authorities
The notation used for the parametcrs is as followsi=
Paramoter |British |R.AesSe| Afr Hime | | | Av & AdEoEs
(see Standard| Deta (iece American [L.CeAeO.|(see Report
section 2) [Glossary|Shcets |navigation) No.Res/2LL.)
em (1) | T w | ] B
e G | vy |
Ttem (118)| | | A v,
Ttem (v) | | T e T
Ttem (v) | | i ] ve | | Lv """"
Ttem (vi) | V| - v | v v o

With regard to notation, the
summarised as follows:-

relevant points may be

(a) V, is used in the U.S. for their "calibrated air speed" (Item (iii)).
(v) Vo is used by I.C.A.0. for their "design equivalent cruising speed".
(c) Ve is used in the U.S, for their equivalent air speed {Item (v)).

(a) vy is used in the U.S. for instrument reading (Item (1)), by the
BeSe Glossary for instrument reading corrected for instrument
error (Item (1i)), and in general British technical practice,
including the RefAe.Se Data Sheets for "equivalent air speed"

(Item (v)).
(e) V, is used by the R.Ae.S, for the instrument reading corrected for

instrument error (Itea (ii)).

5./
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B Suggested Schenc of Definitions and Notation
The following scheme of definition and notation is suggested.
Parapcter
(see Term  |Abbreve |Symbol Definition
section 2) iation
Ttem (i) [Air specd [AuS.I.Re| = [The reading of an individual
indicator Instrument.
reading
Item {ii) |Indicaoted |I.A-S- Vy [The instrurent reading
air speed correoted for instrument errors
---------- O v ke D T e S A i e e S snfe e TP L Y B o s e ot R ol S o W A P S el e e e v Bt e v S
Item (iii) {Rectified [Red.Se V, |The instrument reading
air speed corrected for instrument error
L and pressure €rror.
Ftem (iv) ¢ Will not be required in future )
Iten (v) [|Equivalent|F.A.S. Ve |[The true air speed multiplied by
pir speed the square root of the relative
air density; also equal to the
indicated air speed Vp
corrected for pressure error and
with the scale-altitude term
added.t
Item (v1) True air [TeAsS. v The speed of the aircraft
apecd relative to the air.
—————————— i-—m-————u-—-L—u-—-————--—-.---—J--——-u---u—p—-—u-m--—----—-—-u-—--
References
Nos Author Title, eto.
1 Wenver The Calibration of Air Speed and Altimeter
Systenss AABE/Res/24die A«R.Ce 12,564
2 - DeTeDs Instruction to Bxperimental Establishments

in Relation to Flying Trials.

Frrors in and

Corrections to Indicated Air Speed.

¥Tt is understood that 1t is intended to use Item (iii) rather then
Iten (iv) in future for navigational purposes, ond Item (iv) will not
therefore be of any practical significance.

+See Ae & AJE,E, Resa/24), for definitions,
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AFPENDIX T

The Relationship Between the Parameters and the Significance

of the Various Correction Procegses

1 Bagic Relations

The notation used in this Appendix is that of Refy] (summarised
in column 6 of the Table of section & of this note).

The relationship between true airspeed V and the free stream
pirtot and static pressurcs Pp 4 Py 1is given by

Y

Y"'Ivz?'-'i
s\l ¥ "E" ;5 eoe (1)

PP'-:P

vhere a = local speed of sound

or in terms of equivalent air speed Vi and expanding the brackcted
cxpresgiont-

) 1 v 1 vk
Pp =Py = 3pg Vi° (1 + = mmmm 4 == ooy oo (2)
L 13802 40 pzacfF

where p = P /P, and suffix o rcfers fo stendard ses level
o
conditions.

In Ameracan practice airspecd indicators are scaled in
accordance with equation (2) for standerd pressure altitude zero, that
is teking p = 1.0%

2
1 Vg2 1 V¥
R R
P~ PS = %po VR2 1 ¢ = ""é + == .-”l-; serw ) (3&)
b 2, L0 a4

where P,

P and Pg are the pressures applied to the instrument.

In British practice indicators are at present scaled in
accordance with an approximate form of cquation (2) also taking p = 1.0

giving

2
1 2 1 vy

. Pp-Py = 3p, Vg 1+;--§ . eee (3b)
29

2. Sipnificancé-of the Corrections

=g

The following GorF&ctions dré similar in principle, though
arithmetically slightly different, for American and British scaled
instrments. The items referred to are those of section 2 of this note.

Ttem !ik

ok 4 T S o T D S T A S S Y S S e e Tk D A pulh el O R Nl S D A A Ot Sk P et SR S P far A T WP e S vt e o g e L

¥Mhis scaling is thus only correct for Vi (E.A.S.) at standard pressure
altitude zero. It is correct for V (TwAsS.) only at pressure altitude
zero and ctandard temperature.



Ttem (1) to item (ii)

This correction accounts for any failure in practice to
produce exactly the intended scaling according to equation 3(a) or
3{b) as appropriate.

Ttem {ii) to item (iii)

This correction accounts for any failure to detect "free
stream" pitol and static pressures. It is narmelly called "installation
error correction” or "pressure defect correction" in America; it is
sometimes called "position error correction" in this country, but this
phrage is given a different meaning in Refs2s It is proposed in Ref.d
that it shall be called "pressure error correction" in this country.

Ttem {(i1i) to item (v)

This corrects for the dafference between equations3(a) or
3(b) (in their free strcam version) as appropriate, and equation 2. At
zero pressure altitude the correction is zero with American instruments
and smoll* for British instruments except at high speeds., It increages
with altitude and becomes =30 me.pshs at 30,000 £t and a lMach number
of 0«95, It 13 proposed in Refes1 that it shall be called the "scale-
altitude correction" because it results from the association of the
soaling with a single value of p (pressure altitude),

Item (ii) to Itcm (iv)

This correction has gometimes becn used instead of the above.
I{ accounts approximately for any failure to detect "freec strean" pitot
and static pressures, by applying the correction appropriate to the same
Vi at ground levels It is this correction which is called the "position
error condition" an Ref.2.

Tten (iv) %o iten (v)

This corrects for residual errors arising from any change
with altitude, at constant VR , of the error due to failure to detect
free gtream pitot and static pressures, and also for the difference
between oquations 3(a) or 3(b§rand equation 2,

APPENDIX IT/

it S P e e Y D N S g U Bl v otk B i g v Y S P A e, PP oAl o 0 A i o S kD O Sl i e U 4 R ) e A O ok 0 B ol Sk S0 g g

*4t 400 me.pshe correction is % mepshe and at 650 correction is =3 mep.h.
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AFPPENDIX II

Definitions and Notations in General Use

The following is a list of the definitions and notations in
use by five authorities.

British Standard Glogsary of Aeronaut.ical Terns

Aip specd (True airageedz. The speed of the centre of gravity of
an aircraft relative to the air. Nore generally, the speed of air past
any fixed or noving objeot. (Abbrevs T.A.3.): Symbol V.

Fouivalent airspeed. The product of the airspeed and the square
root of the relative densaty. (Abbreves E.A.S.)

Indicated airspecd. The reading of an airspeed indicator corrected
for calibration errors only. (Abbrev, AsS8.I.). The uncorrected airspeed
indicator rcading is denoted by A«S«I.Re Symbol V4 »

Royal Aeronautical Scciety Data Sheceta

True airspeeds. Not defined; symbol V

Kguivalent airspeeds VVG 3 symbol v

Indicated airspeed. The instrument reading corrected for instrument
error: symbol V..

Alr Ministry (AMO A631/L2)

Indicated sirspecd (T.A.8.) Air speed indiocator reading,

Rectitied airapecd {R.A.Se) Indicated airspecd corrected for
instrunent and position errors.

True airspecd (T.A.S.) R.AeS. corrected for height, i.cs, for
temperature and pressure.

Aueriocan (NeAeCoeAse TNo1120 = TR,837)

True airspecds Not defined: symbol V

Indicated airspeed. The reading of a differcntial pressure airspeed
indicator, calibrated in accordance with the accepted standard adiabatio
formla to indicate true airspeed for standard sea level conditions only,
uncorrected for instrument and installation errors: symbcl Vi .

Calibrated airgpeed, The airspced rilated to differential pressure
by the accepted standard adisbatic formule used in the ceclibration of
differential preasure alrspeed indicators and equal to true asirspecd
for standard sea level condations: symbol Vg,

1
Bquivaleat airspeed. VO Z: symbol Vg

L4CehaOo/



T.Colole (DPC'SO}‘L)

True airaspeed. The true airspeed of the aeroplanc relative to
undisturbed air. (Abbreve ToheSe).

1
Equivalent airspeed. T.AeSe (P/P5)Z 1 (Abbreve EsAsSe)s

Indicated airspeed. The rcading of the pitot static airspeed
indicator ag installed in the aercplane, without correction for
airspeed indicator systen errors : (Abbreve IoAsSe)e
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