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Defimition of terms used.

T, = truc ailr temperature

@, = the indicated temperature

P, = the static alr pressure in the absence of position error

(the true air prcssure)

Py =  th: total air pressure or tht pressure of the air if
brought to rest relative to the aircraft

q = Pp - Py the pressure rise

v = the true gar speed

Vy = the indicated air specd if referred to slow aircraft but
now called the 'eguivalent air speed' of the compressibilty
of thc air is sigmficant.

V. = the reading of the air speed indicator in the absence of
position crror.

P, =  the i.8.L. pressure, {013,2 mb, TCulv

T, = . the M.S.L. tomperaturcs 288°4 ICAN

pe = the M.S.L, densaity, 1.226 x 107% gn/cm® ICAN

ol = air density at the level considered,

% = the air speed correction factor

a (V)2 .
T, =Ty = 3 ETﬁﬁ) )

vhere X 1s the fachor converting from kmots to cm/sec.

I3 defained 1n the cquation '

Ti - TS = }& _V_ 2 O ( .l\. < I

a = spced of soundy o, = 3.40 x 10% cm/scc.

m = idach Nunber -= V/a.

x? = convertion factor knots? to (cm/sec)? = 2.65 x 10°

v =  roatio of specilic heat at constant pressurc to specific
heat at constant voluae for air = [.402

Accentuation of a symbol indicates that it has the value- corrcsponding
to the immedidtc neighbourhood of the static sources €.gs Fg' is the
static pressure before the anpchatlon of position error correctlon.
All units unless stated are given in cid. gte SCCe -
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Review of existing practice,

If we start with the simple relation connecting the temperature
rise with the air specd

A

IN'A
T, - T4 EZb

or its equrvalent form

.oa (v )R
Tl TS = 'I-('a éioo) a----.---.-c---.----(z)
then, given T; and V, Tg can be found.

T, 1s read off durectly from the temperature indicator corrected
for instruacental crror, and, for slow aircraft; V i1s derived from the

equation .
V' IE& --Oo'l-.on-oc--o-o-o---(j)

+ g
Po / Ts
Vl/To PS n-o-coont.o.-.n-a.(l{.)

as described in the Metcorological Air Obscrver's Handbook pih2, In
this cose Vi 1s taken to be adentical with the air speed indicator
reading corrected for instrumcnt and position crrors. It is not
necessary, however, to extract V scparately and Tg is obtained by
combining () and (L) in the fomm

it

<
"

- - A VjQPoTo!
Tl TS = 2CP TOPS 0100110-00-10000000(5)
5
or TS = n VIQPQ -.o-o-ooo-o--(G)

('”’"2’6'5 T, Ty

As specds increase these simple relationshaips 20 longer hold and 1t
is necesgsary to dzstinguish betwsen Vi, sometics called the
'‘equivalent air spced' and defined as V, in (3) or (4), and V, which
1s the reading on the air speed indiceator, corrected for instrumental
error.
The energy equation under adiabatic condit%ons can be written

T—I

% - I lonoa(?)

SORIRLTE

or usang (3) where V4 now stands for the 'equivalent air speed!

E | +%§§Emg% e e(8)

20)

)
PS

Expanding the R.H.S, of(8) and remcmbering that a, = Y Po/pe We get

R N o o B
q = 5 l + LI-PS (ao + 21" Ps —a? + a-a) 000(9)
Now, 1n U.i. a1r speed indicators arc calibrated according to the
fornula
V.3 I (Vy)?
q = Ea"éz ? l + I: éa-o-g g '.ll‘l."l'll'.-..'l'(lo)

In the abscnce of position error, when Vi would refer to the
reading of the oir speed indicator in the free air stream, (9) and (10)
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together give the rclation between V, and Vy, namely,

Vra E i +%§osg = Vigg [ +—l§§ é%§a+g—éf-} E%gagz; 4+ ...; eoe{11)

Many sets of tables are available giving the values of Vi corresponding
to volues of Vy, and the conversion from Vp to Vi 1s termed 'correcting
for the compressibility crror’.

If an (4), Vp were uscd as Vi, then the value of V which would be
obtained would be goo large by an amount LV where, if all terms
containing (Vj/eo)® or smaller be neglected,

0.2*85/5——“l g -.IP-’-': - % gl—g%ga ceineeena(12)

Balo (Bo ) (¥ )°
00285 POTS é P - I) %_I'O"'O") c---ln.--c(l})

&V

In table | are given some of the values of &V from(13) for threc
sclected air specds and three altatudes, T, being assumed %o have the
valucs corresponding to an ICAN atmosphere. The table also shows the
errors in Ty which vould arisc fron using Vy for Vi in (1) assuning
A= [07% x 2¢,/%% {(i.e. o = I). The tenperature errors have been
converted to ®F for convonience,

\

Table |,

True arr speed in knois
Pressure 200 300 400

Altitude | error azn }orror in eTrTOY 1n errYor 1IN [error 1n |error in
alr specd | temperature|aar speed| temp. jair specd! temp.
mb. knots o7 knots oW knots °p
500 |028 0.09 lf-oj On)+6 ]O.2 |.5
300 2.0 Oo 'l}- 6-? 0066 I6|O 2-3
150 2.6 0.19 8.6 0.87 20.5 2.9

¥hen the position crror has to be taken into nccount then, assuning
the position srror to be in the form of a static pressure correction
&Py the value of Vp should first be adjusted by applying the correction
[Vy correspondang to 4P, obtained by drfferentiation of (10)

£Pg
Ny = = poVE(1 + V§2/0a%8) R 15

In this expression accents indicate values rceferrcd to the
neighbourhood of the static source, i.e. beforc the position crror has
been applied. If desired, the tables or graphs gaving V; in temms of
Ve fran (1) can be modified wath thé aid of (14) to give V, directly
from V1 thus combimng the two steps Vi--=Vy, Vyr— Vi inbo one.

Charnley and Fleming (Ref.!) however prefer to insert the correction
for position error after the correction for compressibility which means
working with elaborate correction formulee but which, since the two
steps are finally combined, cores to the same in the cnd.

In the method of approach to the truc air temperaturc outlined
above, the introduction of such terms as the 'indicated air speed' and
the tequivalent nir speed' produces artificial errors which have
theneeforth to be eliminated by manipulating awkward mathematical
formmlac. It is therefore nore logical and nuch simpler not to employ
the terns V, and V; but to usc instead the pressure terns fror which
they are derived namcly q and Pg. 1n the aethod vhich will now_be.
described this course has been adopted and a much ncater ana1y31s is
obtained which leads to a rnore rapid derivation of the true air
temperaturc.



- -
Re-writing (1)

AV
T, - Iy = 535
and putting a® = ry(cy - oy)Ty we get
A2 (y - :
Ti-TS - (gafl.) Ts IOI'DIG.IC'(]S)
T
or TS = i +7\'(‘1_ I)m"‘;/—é lllll.ou.(ls)
It will be seen that (!5) and (5) and (16) and (6) are cquivalent forms.,
Now from (7) remembering that m® = V3/a2 = v3p/p
i v- |
L?lnz = U+%rﬁr - e (17)

For purposcs of refcrence denote erther side of this equation by F

i.e. %%=(I+§q;l-l

Equation (16) can now be written
Ty

Ty = -
Y [m +%S)1—y—' . |] vero(18)

Equation (18) gives a direct cxpressicn for g in terms of the known
quantities q, Py and T; for a thermiometer of known A, and incorporates
all the steps represented by equations (5) to (li)e If, in addition,
q/Py bo.treated as one varnable, Tg could be obtained from one set

of tables involvang T, ond q/Pg. given A,

Tt follows from vhat is discussed in the Appondix that, if
interpolation is allowed, tables of this type could be constructed
having some eighty-four entrics of q/Pg against, say, two hundred
entrics of temperature in degrees Falirenheit, and that a separate set
of such tables would be requared for each value of A I these figures
were represented graphically then severczl curves correspnding to
several values of the parameter A could be drawn and the vhole set of
information would be contained on one graph.

To give the required degree of accuracys however, without
interpolation, the tobles would have to contain at least ten times as
many entries of q/Py and ot least twice as mnny entrics of T, which
would make them unwicldy for normal observing duty. It is better
therefore, in computing T, from equation (18), first to form the
function F(q/P) by the aid of tables and then to corplete the
calculation by slade rule, Tablc II, which is described in detail
an che Appendix, gives values of F{q/P) an terms of /P and Figure |
shows F(q/P) graphically, .

The use of g in these calculations raises the question of
whether it is worth hovaing instruments calibrated in terms of q
instead of Vo as at present. ileanwhile, however, g can be obtained
rendily by a straight conversion from V., using equation (10). The
pressure equivalents, q, of values of Vp over the range 200-600 knots
are given in table IIT,

The successive steps in both mcthods are comparcd below, it being
assumed that all instrumental readaings have been corrected for
instrunental errors,
Exisgting nethod using Vi
(ig Apply the position crror correction.

(i1) Cenvert Vp to V, by applying the comprossibility correction.
(22i) Using (5) or (6) cbtoin Ty by slide rule
CR
(i; Apply the compressibility correction to Vi
7ii) Apply the position error correction to the result of (J)_to
get Vi

t
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(111) As before.
As already mentioned, steps {1) and (12) may be combined but, as this means
the manipulation of three variables V.., Pg and the position error to give
V,» the combination can only be rendered graphically.
Alternative method using q.

(1) Apply position error corrections to q' and P,'.
(1i) TForm the function F(q/P) from tables.
(111) Use (18) and obtain T4 by slide rule,

Discussion.

Tn the first method, the application of the position error (if we do not
wish to use the multitudinous graphs which result from combining steps (i)
and (1i),) entails making some side calculations or using subsidiary grephs
or tables based on equation ([4) or similar, Also, ir the step to Vy, the
pressure occurs as an additional parameter which, even if the applications
of position error and compressibility crror are separated, means taking
account simultaneously of Py and Vi, Whereas, in the altcrnative method, the
replacement of Vi by g, eliminating V, from the argument, allows the ratio
q/Ps to appear as an indepcndent variable, thus simplifying the analysis.

Furthermore step (111) 1n the first method still contains the extra
varieble Py, in addition to Vi, and is therefore longer than the
corresponding step (ii) in the alternative method which contains only F(q/P).

Reference.

(1) CHARNLEY W. J. and FI'MING I, Corrections applied to air-speed
1ndrcator and altimeter readings for position error and compressibility
cffects.

R.AE. Report No, Aero 2299, February [949. A.R.C. 12,365,

appendix.
The pressure rise which we have called g could be obtained either

dircetly from the airspeed indicator or else from a second aneroid
measuring the total pressurc Py, The proportional crror in the first case,
(obtained by logarithmic differentiation of (18), assuming M = | and

4T3 = 0 to simplify the formulae) is given by

3
ems) = Y-l _Es Bs - 4y ... ceee(19)°
Is/q Yoo+ 4 Py q

2

a
1.c. (ﬁs) = -1 _ P _5.1.’_54.951‘) vereneres(20)
Ty | Pgl lq
qf max 7 o+ % .
o 1 . + 2 - Et
Likewise in the second casc from (18) putting | 5. ° B
(_é‘_l,I'_S) = 1_—_.1 -L-‘-_I-)-s el gt -.--......-......(2!)

LPs
Ps

i.c. ‘ (_@T_:>Pt' - d_-__l_( +(_A§§) N €23

max 7

I tP represents a position crror then oPg = -Lq, 4Py = 0 which makes
(19) and (21) identical. If, however, LP 1s an instrumental error then

légs - 'EEt and to the samc order also = |4q ' go that the ratic
Pg Pg g q
B |~ Ty <
Ts)q|max Ts/ Py | max !+ %

From which it follows that it is advantageous to measure q directly in
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preference to Py.

Present types of ancroid altimeters and airspeed indicators after
correctron for instrumental crrors are accurate to one per cent and if great
care is taken and corrcections applied also for.changes with temperature then
one half per cent can be obtained. For our purpose we will take the figure
onc per cent as representing the accuracy of altimeters and air-speed
indicators,

Now for any small variation in q/P of value A(q/P) the corresponding
proporticnal variation in T, namely (Ts/Ty 1s, fron (18) by differentiation,

assuning A = |, and omitting any variation in Ty for the noment,
AA
é%- = - ’Y— l (P) o-oo-an--.u.-.-(Z})
I+ 9
Y + 2
Al ng) = alsg.m ; et eeeaaea
50 ﬁP) % ( "% = .. oo (28)
’ ~E = ﬂ(éﬂ —Qi g ‘
So that ILEP;Imax 3 (I q,ma; | leax R §25)
If we toke |é5‘ = IQE, = (0,0l
qmax 13 X
then from (24) Ing%;’ = 4270,02)
max
and hence IQEI = Q.02 Y- 1 P
T lmax ‘y N -
P
— 0.00572 P -lnoon-l-on-o-o--'(26)
| + %

The volues of 'b(q/P)'max and ’AI/T,max for different values of q/P
are given below,

/P Os1 0.2 0.3 0ui 0.5 0.6 0.7 0.8 0.9
|z's(}/l=)|max .002 .00L L,006 ,008 LOIO .0l2 .0i4 .OI6 ,OI8
[6T/T] . ® 10% .52 .95 1,32 163 1,90 2414k 2,35 2,54 2.7I

As would be expected the accuracy Talls off at the higher specds and
higher altitudes which correspond to larger values of q/P, At o M,S.L.
temperature of 15°C (288°A) and q/P = O.!, AT = 0,15°C (0.27°T") and at -~ 53°C
(220°A) and /P = 0.8, 4T = 0.56°C (I°T').

The values for Ji(q/P)|may in the second line suggest that if a table for
F(q/P) werc being constructed it would be sufficient for entries of g/P to be
made &t intervals of 0,001 which would then provide values of T to within
the limits of instrumental cccuracy.

For a pressure range of 1000 ~ 100 mb. approx. and indicated air speeds
between 200 and 600 knots, but for true air speed not exceeding the speed of
sound, the values of g/ vary between 0.06 and 0,893, tables for F(q/g) for
values of q/P, spaces at intervals of 0,001 would contain 633 entries hut
would give the desired precision without the need for interpolation. A coarser
table with steps in /P of 0,01 would contain 84 entries, but, to get the
required degree of accuracy, intermediate volues would have to be interpolated
which would not be practical when comverting numerous temperature reedings.

The limits of accuracy in the derived value of the true cir temperature
also depend, of coursc, on the accuracy in the readang of Ty. With a good
sircraft thermmometer using a null-rending type indigator the reading can be
nade to 0,1°F, and, with pointer indicators or vith rccorders, the best
accuracy that can be expccted from existing cquipment is X 0.5°F. fddang
these errors to the othors orising from the pressure instrmments gives,
with mill resding $ype.iudicators, tor ¢/P = O.1 anmd T - I5°C (59°F)
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an accuracy to about X O.L°F, and at the other end of the scale for o/P = 0.8
and T = ~ 53°C (=63°F) an accuracy to about + 1.,1°F while with pointer
indicators or recorders these figures would be larger by 0,5°F. In all cases
it is assumed that A is knowm and that no error arises from variations in\ .

TABLE II

FQ) - +ﬂ Y""l_'

EE) (1 P) =1
op | © 01 o2 | 03| won | 05| 06! o7 | .08 .09
.0 017 | .020 | .022 | .025

1 14028 |,030 | .033 | .035 | .039 ! .O%1 | JO3 | JO46 | JO48 | .O52
o2 | +O5k | .05 | .,059 | .061 | .O6L | 066 | 069 | +O71 | 074 | 076
o3 | 078 | .080 | 032 | ,085 | 087 | 4090 | .092 | .09, | -096 | .099
L 101 [ J10L | o106 | o108 | o110 | o113 | i1l | 17 ] «119 | o121
o5 | o123 | 6126 1 4127 | 4129 | o132 | #1354 | #1365 | o139 | JA40 | W12
o6 | WThh | o147 | o148 | #1150 | o153 | o154 | o156 | 4158 | «161 | 162
o7 | o165 | 4166 | 168 | o170 | o171 | o174 | 176 | 4178 | 4180 | 4181
& | »104 | &185 | 188 | L1900 | 194 193 2195 | o196 | «199 | 200

TARLE IIT

V. gq v. q
Knots mbe Knots mbe.
200 66466 100 283,694
210 73443 540 299.312
220 80,804 420 315.495
2350 + 88.529 430 332,199
240 96,647 4,0 349,402
250 105.153 450 3674109
260 114.052 L60 3854325
270 470 L0, 055
280 133,062 480 423,677
290 143.187 490 L4 34465
300 . 153.715 500 Aélm 87
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