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1. Review of Conventional Practice. If we start with the simple relation connecting the temperature
rise with the air speed

AV2
-1 = 26, (1)
or its equivalent form
7 \2 W
Ti- 1, “E‘z(loo) ’ | @

* then, given T} and V, T can be found.

T is read off directly from the temperature indicator corrected for mstrumental error and, for
slow aircraft, ¥ is derived from the equation ‘

- VJ() | 3)
86

as described in the Meteorological Air Observer s Handbook, M.O. 470, p. 42 (1945). In this case
V, is taken to be identical with the air-speed-indicator reading corrected for instrument and position
errors. It is not necessary, however, to extract V' separately and 7 is obtained by comblnmg
equations (1) and (4) in the form

A TVES T,
T‘~T3=2_cp—fo_§— )
or-
T;
L= (1 X V25, ©)
2¢, TS)

As speeds increase these simple relationships no longer hold and it is necessary to distinguish
between V;, sometimes called the ‘equivalent air speed’ and defined as V; in equations (3) or (4),
and V, which is the reading on the air-speed indicator, corrected for instrumental error.

. The energy equation under adiabatic conditions can be written

q_ y — 1V
S_§1+ 2 (a)

* This is a revised version of C.P. 90, brought up to date for purpose of R. & M.
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or using equation (3), where V; now stands for the ‘equivalent air speed’,

= 1+”T“1§§(%)27—L1~1. (8)
Expanding the right-hand side of equation (8) and remembering that @, = y Sy/p, we get

o
Now, in the United Kingdom prior to 1950 air-speed indicators were calibrated according to the
formula \

(e b

Since 1950 (Bone (1958)), however, the full energy equation (7), referred to ground level, has been
used to calibrate air-speed indicators, namely,

ap

q

So

" In the absence of position error, when ¥, would refer to the reading of the air-speed indicator in

the free air stream, equations (9) and (10) or (9) and (11) together give the relationship between -

Viand V. ™~

Many sets of Tables are available giving the values of ¥; corresponding to values of V,, and the
conversion from V, to V; is termed ‘correcting for the compressibility error’.

If in equation (4), V, were used as ¥, then the value of ¥ in kt which would be obtained would
be too large by an amount 47 where, if all terms containing (¥;/a,)® or smaller be neglected,

AV = 0-285 \/(P_PO) (%9 ~ 1) (-1%)3 : | (12)

STy (S, /% ~
= 0-285 ST, (§ - 1) (m) . (13)
. InTable 1 are given some of the values of 4V from equation (13) for three selected air speeds and
three altitudes, T, being assumed to have the values corresponding to an I.C.A.N. atmosphere.

The Table also shows the errors in T, which would arise from using V, for V; in equation (4),
assuming A = 107% x 2¢,/k% (i.e.,, o = 1).

TABLE 1
True air speed in knots
Pressure : 200 ) 300 400
altitude - ‘ -
(mb) Error in Error in Error in Error in Error in Error in
air speed | temperature | air speed | temperature | air speed | temperature
(kt) (deg C) (kty (deg C) -1+ (kt) (deg C)
500 1-28 0-05 4.3 0-26 - 10-2 0-83
Wl 300 2-0 0-08 , . 6-7 0-37 . 1640 1-28
150 2-6 0-10 86 0-48 20-5 1-61
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When the position error has to be taken into account, then, assuming the position error to be in
the form of a static-pressure correction 4., the value of V, should first be adjusted by applying

the correction 4V, corresponding to 4S obtained, say, by differentiation of equation (10):
a8
AVe = = L T+ Ve ()

In this expression accents indicate values referred to the neighbourhood of the static source,

i.e., before the position error has been applied. If desired, the Tables or graphs giving V; in terms of
V, from equation (11) can be modified with the aid of equation (14-) to give V,; directly from ¥/,
thus combining the two steps V) > V,, ¥, - V; into one.

Charnley and Fleming (1949), however, prefer to insert the correction for position: error after
the correction for compressibility, which means working with elaborate correction formulae but
which, since the two steps are finally combined, comes to the same in the end.

In the method of approach to the true air temperature outlined above, the introduction of such
terms as the ‘indicated air speed’ and the ‘equivalent air speed’ produces artificial errors which have
thenceforth to be eliminated by manipulating awkward mathematical formulae. It is therefore more
logical and much simpler not to employ the terms ¥V, and V; but to use instead the pressure terms
from which they are derived, namely ¢ and S. In the method which will now be described this

“course has béen adopted and a much neater analysis is obtained which leads to a more rapid
derivation of the true air temperature.

2. Preferred Method. Re-writing equation (1)

Al
2¢.,

P

Ty, — T, =

and putting a? = y(c, — ¢,)T, we get

ATy — DT,

Ti - Ts = a2 ’

(15)
or
7

L Ry Y | (16)

It will be seen that equations (15) and (5) and (16) and (6) are equivalent forms. Now from equation
(7), remembering that m? = V2/a® = V(p/yP),

- =1
y—21m2=(1‘+%)y—1. (17)

Equation (16) can now be written

T;

g7

Equation (18) gives a direct expression for 7, in terms of the known quantities ¢, S and 7} for a
thermometer of known A, and incorporates all the steps represented by equations (5) to (11).
'The use of ¢ in these calculations raises the question of whether it is worth having instruments

T, =

(18)
14+ 2 )

calibrated in terms of g instead of ¥/, as at present. Meanwhile, however, g can be obtained readily
by a straight conversion from V, using equations (10) or (11) as the case may be.

3
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In Table 2, Fis given for a large selection of values of g/S. In Table 3 the values of ¢ are given for
readings of air-speed indicators calibrated according to formula (10) and in Table 4, according
to formula (11).

The successive steps in both the conventional and preferred methods are compared below, it
being assumed that all instrumental readings have been corrected for instrumental errors.

3. Conventional Method Using V.

(i) Apply the position error correction

(ii) Convert V, to V, byvapplying the compressibility correction
(1i1) Using (5) or (6) obtain T by slide rule

or

(i) Apply' the compressibility correction to 7,/

(ii) Apply the position error correction to the result of (i) to get V,
(iii) As before.

As already mentioned, steps (i) and (ii) may be combined but, as this means the manipulation of

three variables V,, S and the position error to give ¥/, the combination can only be rendered
graphically. '

4. Preferred Method Using q.

(i) Apply position error corrections to ¢’ and S’
(i1} Form the function F(g/S) from Tables
(iii) Use (18) and obtain 7.

5. Discussion. In 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 (ii)) entails making some
side calculations or using subsidiary graphs or Tables based on equation (14) or similar. Also, in the
step to V;, the pressure occurs as an additional parameter which, even if the applications of position
error and compressibility error are separated, means taking account simultaneously of S and V,,
whereas, in the alternative method, the replacement of V, by ¢, eliminating V, from the argument,
allows the ratio ¢/S to appear as an independent variable, thus simplifying the analysis.

Furthermore, step (iii) in the first method still .contains the extra variable .S, in addition to ¥;, and

is therefore longer than the corresponding step (ii) in the alternative method which contains only
Fq/S)-

6. Acknowledgements. Tor Table 2 the author is indebted to Mathematical Services, Royal
Aircraft Establishment, who very kindly did the computations. In the preparation of Tables 3 and 4
the author gratefully acknowledges the help of the staff of the Meteorological Research Flight, R.A.E.
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LIST OF SYMBOLS

True air temperature

Indicated temperature

- Static air pressure in the absence of position error (the true air pressure)

Total air pressure or the pressure of the air if brought to rest relative to the
aircraft

P — S (The pressure rise)
True air speed

Indicated air speed if referred to slow aircraft but now called the ‘equivalent air
speed’ if the compressibility of the air is significant

Reading of the air-speed indicator in the absence of position error
m.s.l. pressure (1013-2 mb I.C.A.N))

m.s.l. temperature (288°A I.C.A.N.)

m.s.l. density (1-226 x 103 gm/cm? I.C.AN)

Air density at the level considered

. . o V)2 .
Air-speed correction factor, T, — T, = — (“) , where % is the factor con-

verting from knots to cm/sec k#1100
2
Defined in the equation 7; — T, = /\% 0<Acl

»
Speed of sound; 2, = 3-40 x 10% cm/sec
Mach number = V/a

Conversion factor knots to cm/sec = 51479

Ratio of specific heat at constant pressure to specific heat at constant volume
for air = 1-402

Specific heat of air at constant pressure

Accentuation of a symbol indicates that it has the value corresponding to the immediate neighbour-
hood of the static source, e.g., S’ is the static pressure before the application of position-error
correction. All units unless stated are given in cm gm sec. ‘

REFERENCES
- No. Author Title, etc.
1 W.J. Charnley and I. Fleming .. Corrections applied to airspeed indicator and altimeter readings
for position error and compressibility effects.
R.A.E. Report Aero. 2299. A.R.C. 12,365, F ebruary, 1949,
2 A. G. Bone Aircraft aerodynamic height and speed quantities, their character-

istics and co-relation. :
R.A.E. Tech. Note IAP.1085. 1958.




APPENDIX 1

The pressure rise which we have called ¢ could be obtained either directly from the air-speed
indicator or else from a second aneroid measuring the total pressure P. The proportional error in
the first case (obtained by logarithmic differentiation of (18), assuming A =1 and AT; = 0 to
simplify the formulae), is given by

(ATs)q _Y - 1 ¢/S (é§ Aq) ,

(19)

| T, y 1+ (g/S) q
45 m 18] )

Likewise in the second case from equation (18) putting 1 + (¢/S) = P/S,

AT\ _y—=1(4S 4P
(7), -5 (5 %) D
ie.,
AT, y - AP -
\(Ts )P mux— ')/ ‘ + ‘_F ) (22)
If AS represents a position error then 4S = — Ag, 4P = 0, which makes equations (19) and
4P

(21) identical. If, however, 4P is an instrumental error then

4gq

5 5| whereas to the same

ASI _

order also is small, so that the ratio

(), 1),

Tt follows that it is advantageous to measure ¢ directly in preference to P.

LS

< 1.

Present types of aneroid altimeters, after correction for instrumental errors, are accurate to one
per cent and if great care is taken and corrections applied also for changes with temperature, then
one half per cent can be obtained. For our purpose we will take the figure one per cent as representing
the accuracy of altimeters. Air- speed indicators are much more accurate and after application of
corrections, give a true reading to } kt which is small compared to the altimeter error.

Now for any small variation in ¢/S of value 4(g/S) the corresponding proportional variation in 7,
namely, 4T,/T, is, from equation (18) by differentiation, assuming A = 1, and omitting any
variation in 7; for the moment,

AT_ _l:_l A(q/S)
T N TS R (23)

o) - -4)

LoD @

Also

so that




f]_ql

If we take

Ag‘ = 0-01 and neglect

in comparison, then from equation (24)

S q
q g
o)~ doo
and hence
AT y—1 ¢/S
= ~ 0-01
T | max y 1+ (4/5)
q/s
= 0-003 v c - 26
I+ @S #6)
The values of | 4(q/8) | max and | AT[T | pax for different values of ¢/.S are given below:
q/S 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9
| 4(g/S) | max 10-001 0-002 0-003 0-004 0-005 0-006 0-007 0-008 0-009

[AT /T | yax x 108 0-26 0-47 0-66 0-81 0-95 1-07 1-17 1-27 1-35

As would be expected, the accuracy falls off at the higher speeds and higher altitudes which
correspond to larger values of ¢/S. At a m.s.l. temperature of 15 deg C (288 deg A) and ¢/S = 0- 1,
AT = 0-07 deg C and at — 53 deg C (220 deg A) and ¢/S = 0-8, 4T = 0-28 deg C.

The values for |4(g/S)|max in the second line suggest that in a Table for F(g/S) it would be
sufficient for entries of ¢/.S to be made at intervals of 0-001, which would then provide values of T to
within the limits of instrumental accuracy.

The limits of accuracy in the derived value of the true air temperature also depend, of course, on
the accuracy in the reading of 7. With a good aircraft thermometer using a null-reading type
indicator the reading, provided T remains constant, can be made to 0-1 deg C, but, with pointer
indicators or with recorders, the best accuracy that can be expected from existing equipment is
+ 0-5 deg C. Adding these errors to the others arising from the pressure instruments gives, with
null-reading-type indicators, for ¢/S = 0-1 and T = 15 deg C, an accuracy to about + 0-2 deg C,
and at the other end of the scale for ¢/S = 0-8 and T = — 53 deg C, an accuracy to about
+ 0-4 deg C, while with pointer indicators or recorders these figures would be larger by 0-5 deg C.
In all cases it is assumed that A is known and that no error arises from variations in A.




APPENDIX 11

It has been suggested that Mach number read from a Mach-meter could be used to reduce the
indicated temperature to true temperature, using equation (16).

The Mach-meter is accurate to M,.0-005, whence from equation (16) putting A = 1,
0T, (y— l)ymdm

T, y—1 2
1+—2-m

0-002m '
=T102m: | (27)

Compare this with equation (26), namely,

AT, _ 0-003(g/S)

T, — 1+ (q/S)’

which gives the equivalent error in 7 obtained from ¢ and S readings.
The values of 87, /T, obtained from both (26) and (27) are given below against Mach number:

N (87) ST\ -

Mac g 7 m (?) a/s

number S w 108 % 10
0-1 0-008 2-00 0-24
0-2 0-029 3.97 0-84
0-3 0-066 5-89 1-86
0-4 0:118 775 317
0:5 0-187 9.52 4.73
0:6 0:276 11-19 6-49
0-7 0-387 12-75 8-37
0-8 0-524 14-18 10-31
0-9 0-690 15-23 12-25
1 0-891 16-67 14-13

It is seen from the above Table that, whereas there is much advantage in using ¢ and S at low
Mach numbers, the use of the Mach number itself at the higher Mach numbers is almost as good.
The slight advantage shown in the Table in favour of g and .S would be easily lost with a falling off in
accuracy of the air-speed indicator or if the accuracy of Mach-meters could be improved.




TABLE 2

p—1

Formula F = (1 + ¢/S) 7 — 1

Ekplanation: Each value of F is valid for the opposite value of ¢/S and all lower values until the
next lower entry in the Table, e.g.,

g/S = 0-118 F=0-032
q/S = 0-115 F =0-032
/S = 0-114 F = 0-031
qlS F q/S F q/S F q/S F
0-001 0-000 0-207 0-055 0-441 0-110 0-705 0-165
0-005 0-001 0-211 0-056 . 0-445 0-111 0-711 0-166
0-008 0-002 0-215 0-057 0-450 0-112 0-716 0-167
0-012 0-003 0-219 0-058 0-454 0-113 4-721 0-168
0-015 0-004 0-223 0-059 0-459 0-114 0-726 0-169
0-019 0-005 0-227 0-060 0-464 0-115 0-731 0-170
0-022 0-006 0-231 0-061 0-468 0-116 0-736 0-171
0-026 0-007 0-235 0-062 0-473 0-117 0-741 0-172
0-029 0008 0-239 0063 0-477 0-118 0-747 0:173
0-033 0-009 0-243 0-064 0-482 0-119 0-752 0-174
0-037 0-010 0-247 0-065 0-487 0-120 0-757 0-175
0-040 0-011 0-251 0-066 0-491 0-121 0-762 0-176
0-044 0-012 0-255 0-067 0-496 0-122 0-768 0-177
0-047 0-013 0-259 0-068 0-500 0-123 0-773 . 0-178
0-051 0-014 0-264 0-069 0-505 0-124 0-778 0-179
0055 0-015 0-268 0-070 0-510 0-125 0-783 0-180
0-058 0-016 0-272 0-071 0-515 0-126 0-789 0-181
0-062 0-017 0-276 0-072 0-519 0-127 0-794 0-182
0-066 0-018 0-280 0-073 0-524 0-128 0-799 0-183
0-069 0-019 0-284 0-074 0-529 0-129 0-804 0-184
0-073 0-020 0-288 0-075 0-533 0-130 0-810 0-185
0-077 0-021 0-293 0-076 0-538 0-131 0-815 0-186
0-080 0-022 0-297 0-077 0-543 0-132 0-820 0-187
0-084 0-023 0-301 0-078 0-548 0-133 0-826 0-188
0-088 0-024 0-305 0:079 0-552 0-134 0-831 0-189
0-091 . 0-025 0-309 0-080 0-557 0-135 0-837 0-190
0-095 0-026 0-314 0-081 0-562 0-136 0-842 0-191
0-099 0-027 0-318 0-082 0-567 0-137 0-847 0-192
0-102 0-028 0-322 0-083 0-572 0-138 0-853 0-193
0-106 0-029 0-326 0-084 0-576 0-139 0-858 0-194
0-110 0-030 0-331 0-085 0-581 0-140 0-864 0-195
0-114 0-031 0-335 0-086 0-586 0-141 0-869 0-196
0-118 0-032 0-339 0-087 (-591 0-142 0-874 0-197
©0-121 0-033 0-344 0-088 0-596 0-143 G-880 0-198
0-125 0-034 0-348 0-089 0-601 0-144 0-885 0-199
0-129 0-035 0-352 0-090 0-606 0-145 0-891 0-200
0-133 0-036 0-357 0-091 3-610 0-146 0-8%6 0-201
0-136 0-037 0-361 0-092 0-615 0-147 0-902 0-202
0-140 0-038 0-365 0-093 0-620 0-148 0-907 0-203
0-144 0039 0-370 0-094 0-625 0-149 0-913 0-204
0-148 0-040 0-374 0-095 0-630 0-150 0-919 0-205
0-152 0-041 0-378 0-096 0-635 0-151 0-924 0-206
0-156 0-042 0-383 0-097 0-640 0-152 0-930 0-207
0-160 0-043 0-387 0-098 0-645 0-153 0-935 0-208
0-163 0-044 0-392 0-099 0-650 p-154 0-941 0-209
0-167 0-045 0-396 0-100 0-655 0-155 0-946 0-210
0-171 0-046 0-400 0-101 0-660 0-156 0-952 0-211
0-175 0-047 0-405 0-102 0-665 0-157 0-958 0-212
0-179 0-048 0-409 0-103 0-670 0-158 0-963 0-213
0-183 0-049 0-414 0-104 0-675 0-159 0-969 0-214
0-187 0-050 0-418 0-105 0-680 0-160 0-975 0-215
0-191 0-051 0-423 0-106 0-685 0-161 0-980 . 0-216
0-195 0-052 0-427 0-107 0-690 0-162 0-986 0-217
0-199 0-053 0-432 0-108 0-695 0-163 0-992 0-218
0-203 0-054 0-436 0-109 0-700 0-164 0-997 0-219
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TABLE 3

100177'2 1 Vr 2
Formula ¢ > [1 + 3 2,
g (mb)

Velkt)| O 1 2 3 4 5 6 7 8 9 Vikt)| O 1 2 3 4 5 6 7 8 9

100 | 16-34| 16-67| 17-00] 17-34| 17-68] 18-02| 18-37| 18-72) 19-07; 19-43 || 350 |212-93 214-23|215-53(216-84|218-15219-47|220-79|222-12|223 - 45224 - 79
110 | 19-79) 20-15| 20-52| 20-89| 21-26| 21-64| 22-02| 22-41] 22-80| 23-19 || 360 |226-13 227-47|228-82230-17|231-53|232-89(234 - 26235 - 64/237-02|238 - 41
120 | 23-58| 23-98| 24-38| 24-78| 25-19| 25-60] 26-02| 26-44| 26-86 27-29 | 370 239-80(241-19{242- 59243 - 99/245 - 40(246 - 81|248 - 23|249 - 65251 - 08|252- 51
130 | 27-72| 28-15| 28-59] 29-03 29-47| 29-91| 30-36| 30-81| 31-27 31-73 || 380 253-941255-38|256- 821258 27259721261 - 181262 - 65|264-12|265-60|267 - 08
140 | 32-20| 32-67| 33-14| 33-61| 34-09| 34-57| 35-05| 35-54| 36-03 36-52 || 390 268+ 57|270-06271-55|273 - 05274 - 55|276 - 06|277 - 57/1279-09/280-62|282- 15
150 | 37-02| 37-52| 38-03| 38-54| 39-05| 39-57| 40-09| 40-61 41-13| 41-66 | 400 2836928523286 78(288 - 33289 -89/291 - 45(293 - 02|294 - 59,296 -16{297 - 74
160 | 42-19| 42-73] 43-27| 43-81) 44-46| 45-01| 45-57| 46-13| 46-69| 47-15 I 410 1299-321300-91 302-50{304-10(305-71|307-32|308-94/310-56/312-19|313-82
170 | 47-72| 4829 48-86/ 49-44| 50-03| 50-62| 51-21} 51-81| 52-41} 53-01 i 420 315-46|317-10|318-75/320-40|322-06(323 - 731325 -40(327-07|328-75/330-43
180 | 55-61] 54-22| 54-83| 55-45| 56-07| 56-69| 57-31| 57-94| 58-57| 59-21 || 430 |332-12333-81|335-51 337-22338-93|340-65(342-37/344-10|345-83|347 - 57
190 | 59-85! 60-49 61-14] 61-79| 62-45] 63-11| 63-77| 64-44| 65-11| 65-79 || 440 |349-31351-06|352-81 354-57356-331358-10(359-87,361-65|363 -44|365- 24
200 | 66-47| 67-15| 67-83| 68-51] 69-20] 69-89| 70-59; 71-29| 72-00 72-72 || 430 1367-04|368-85 370-66|372-48|374-30|376-12|377-95/379-78|381-62/383 47
210 | 73-44] 74-16| 74-89| 75-62| 76-35| 77-08 77-82| 78-56| 79-30] 80-05 || 460 |385:32/387-18 389-04/390-91(392-79|394-67|396 - 56(398 - 45400 - 35,402+ 26
220 | 80-80 81-56| 82-32| 83-08| 83-85| 84-62| 85-39, 86-17| 86-95 87-74 || 470 404 -17|406- 09|408 - 01|409 - 94({411-87|413-81415-75/417-70/419-65/421 - 61
230 | 88-53| 89-32| 90-12] 90-92| 91-73| 92-54| 93-35| 94-17| 94-99| 95-82 1 480 423581425-56(427 - 541429531431 - 52433 - 52435 - 52437 -53/439 - 54|441 - 56
240 | 96-65! 97-48) 98-32| 99-16(100-01[100-86(101-71/102-57/103-43{104-29 i 490 |443-58]445-61 4476544969451 - 741453 - 80|455 - 86457 -931460-00|462- 08
250 1105-16/106-03]106-91|107-79|108-68!109-57|110-46(111-35/112-25/113-15 || 500 |464-16/466-25/468-35 470-45|472-56(474 - 68476+ 80|478-93|481-07,483 - 21
260 [114-06|114-97/115-88|116-80{117-72(118-65|119-58|120-52|121-46/122-41 §| 510 485361487 52489 68/491 - 851494 - 02(496 - 20|498 - 38/500-57502-76|504 - 96
270 |123-36/124-31]125-27]126-23]127-20{128-17/129-14130-12|131-10{132-08 |I 520 507-17/509-39|511-61 513-84(516-07/518-31(520-55|522-80|525-06/527- 33
280 |133-07|134-06/135-06]136-06(137-07]138-08(139-09(140-11]141-13/142-16 || 530 |529-60]531-88)534-16 536-45(538-75|541-05|543-36(545 - 68/548-00|550- 33
290 |143-19|144-22]145-26|146 - 30[147 -35/148-40[149-46(150-52/1151-59/152-66 || 540 |552-67|555-01|557-36 559-71|562-07|564-44{566-82(569-20|571-59,573-99
300 1153-73|154-80|155-88|156 - 96|158-05|159-14(160-24|161-34|162-45/163-57 [ 550 (576-39578-801581-22 583-64/586-07|588- 50,590 94(593-39|595-84{598 - 30
310 |164-69|165-81/166-94|168+07|169-20(170-34{171 48(172-62|173-77|174-92 || 560 |600-77|603-251605-73/608-22 610-72|613-22(615-731618-25/620-77/623-30
320 1176-08|177-24/178-41|17958/180-76|181 -94|183 - 13|184- 3218552118672 | 570 |625-83/628-37|63092 633-48/636-04/638-61|641-19,643-77/64636/648 96
330 |187-92|189-13/190-34/191-55(192-77/193-99/195-22/196-46(197-70|198-95 | 580 |651-57/654-19|656-81 659-44|662-08|664-72|667-37,670-02/672- 6867535
340 |200-20{201-45[202-71,203+97|205 - 231206 - 50207 - 77/209- 05210~ 34/211- 63 290 678-02/680-70|683 - 39/686 - 09|688 - 80691 - 51|694 - 231696 - 96/699 69|702 - 43

00 |705-18
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TABLE 4

— 1 /V N2>
Formula ¢/8, = |:1. + = (—’) :|"—1 -1
2 ag
For values of V, less than 200 kt the Table is the same as Table 3
q(mnbd)

V(kt) 0 1 2 3 4 5 6 7 8 9 Ve(kt) 0 1 2 3 4 5 6 7 8 9
200 66:47| 67-15| 67-84| 68-52| 69-21| 69-90| 70-61| 71-32| 72-02| 72-73i| 480 426-09| 428-11| 430-13| 432-14| 434 16| 436-18| 438-24| 440-30| 442-35| 444-41
210 73-44| 74-17| 74-90| 75-63| 76-36| 77-09| 77-84| 78-58| 79-33| 80-07{ 490 446-47| 448-55) 450-62| 452-70| 454-77| 456-85| 458-97| 461-08| 463-20| 465-31
220 80-82| 81-58| 82-33| 83-09| 83-84| 84-60| 85-39| 86:17| 86-96| 87-74{ 500 467-43| 469-57| 471-70| 473-84| 475-97| 478-11| 480-34| 482-58| ,484-81| 48705
230 88-53| 89-32 90-11| 90-91} 91-70| 92-49| 93-32| 94-16| 94-99| 95-82{ 510 489-28| 491-40| 493-51| 495-63| 497-74| 499-86| 502-15; 504-45| 506-74| 50904
240 96:66| 97-51| 98-36| 99-21{100-06[100-91|101-75|102-60(103 - 44|{104-29][ 520 511-33| 513-62| 515-91| 518-21| 520-50| 522-79| 525-10| 527-41| 529-73| 532-04
250 |105-13]106-01{106-89(107-78{108-66(109-54{110-46[111-38|112-30[{113-22|| 530 534-35) 536-64; 538-93f 541-23| 543-52| 545-81| 548-20| 550-59| 55299} 555:38
260 |114-14/115-06(115-98|116-90{117-82|118-74({119-68|120-62|121-57(122-51|| 540 557-77) 560-16] 562-55| 564-94| 567-33| 569-72| 572-21| 574-70| 577-18] 579-67
270 |123-45124-41/125-37|126-33(127-29|128-25(129-23|130-21|{131-19(132-17{| 550 582-16| 584-65; 587-14| 589-62| 592-11| 594-60| 597-09| 599-58| 602-07| 604-56
280 |133-151134-15|135-15|136-14{137-14|138-14{139-16|140-18|141-20{142- 22} 560 607-05| 609-73| 612-42| 615-10| 617-79| 620-47| 622-96| 625+45| 627-93| 630:42
290 |143-24(144-30(145-36(146-411147-47{148 - 53|149-59|150-65|151-70i152-76{| 570 632-91) 635-59) 638-28| 640-96| 643-65| 646-33| 649-02| 651:70| 654:39| 657-07
300 |153-82(154-92(156-021157-111158-21{159-31(160-43|161-54{162-66(163-77]] 580 659-76) 662-44| 665-13| 667-81| 670-50 673-18| 675-96| 678+74| 681-53] 68431
310 164-89(166-01(167-13|168-24(169-36|170-48(171-64(172-79|173-95|175-10}| 590 687-09] 689-85/ 692-62| 695-38! 698-15| 700-91| 703-79| 706-67| 709-55; 712-43
320 |176-26(177-43/178-611179-78/180-96|182-13|183-35|18456(185-78(186-99{1 600 715-31f 718-17| 721-03] 723-89| 726-75| 729-61| 732-49| 735-37| 738:26] 741-14
330 |188-21[189-42/190-64{191-85(193-07|194-28|195-52(196-75|197-99(199-22|| 610 744-02] 747-00| 749-98] 752-95| 755-93| 758-91| 761-87| 764-83| 767-78} 77074
340 |200-46(201-73]203-00|204 - 28|205-55|206-82|208-11(209 - 41|210-70(212-00|| 620 773-70] 776-76| 779-81| 782-87| 785-92| 788-98| 792-06| 795-14| 798-21] 801:29
350 |213-29/214-60/215-92|217-23|218-54(219-85|221-19|222+ 52|223-86(225-19]| 630 804-37| 807-52, 810-68] 813-83| 816-99 820-14| 823-29| 8§26-45| 829-60| 832:76
360 |226-52(227-891229-26|230-63|232-00|233-37(234-74|236-11|237-49(238-86|| 640 835-91| 839-16; 842-42| 845-67| 848-93| 852-18| 855-45| 858:72| 862-00| 865:27
370 |240-23|241-66(243-09|244 -52/245-95|247 -38|248 - 81|25024(251 - 68(253 - 11| 650 868-54| 871-79] 875-04| 878-30| 881-55| 884-80| 888-15| 891:50] 894-86| 898-21
380 |254-54(256-01(257-48|258-94(260-41|261 -88|263 - 35|264 - 82|266-29(267 - 76{| 660 901-56] 905-11] 908-65| 912-20| 915-74| 919-29| 922-76| 92623} 929:69| 933-16
390 |269-23|270-74(272-25|273-76|275-27|276-78|278+33|279-88|281-42(282-97] 670 936-63| 940-16| 943-69| 947-21| 950-74| 954-27| 957-84| 961-40; 964-97| 96853
400 [284-521286-07/287-62|289-16|290-71(292-26|293-87(295-47|297-08(298 - 681l 680 972-10f 975-67| 979-23| 982-80| 986-36| 989-93| 993-50| 997-06/1000-63|1004-19
410 |300-29|301-90/303-50/305-121306-71|308-32/309-97|311-61|313-26(314-90}| 690 [1007-76/1011-44/1015-13|1018-81{1022-50(1026 - 18|1029-88|1033 - 59{1037-29|1041 - 00
420 1316-55(318-22319-88/321-55(323-21|324-88|326-59/328-29(330-00(331-70{] 700 |1044-70|1048-52{1052-34/1056-16{1059-98/1063 - 801067 - 58(1071 - 36/1075 15/1078 - 93
430 |333-411335-13/336-86/338-58(340-31|342-03|343-77|345-521347-26(349-001f 710 11082-71{1086-55/1090-39{1094-23/1098-07(1101-91(1105-81(1109-71{1113-61[1117-51
440 1350-75/352-53/354-31/356-10(357-88|359-66(361-48(363-30(365-13(366-95}| 720 11121-41]1125-45/1129-48[1133-52(1137-55(1141-59(1145-31(1149-04(1152-76/1156-49
450 [368:-77(370-61|372-45374-30(376-14|377-98|379-841381-70(383-57(385-43|| 730 |1160-21{1164-23{1168-24{1172-26|1176-27|1180-29|1184-44(1188-60/1192-75[1196-91
460 |387-29|389:19/391-09/393-00|394-90|396-80|398 72,400 64|402-56(404 - 48} 740 [1201-06/1205-10/1209-14|1213-17/1217-21(1221-25|1225-31|1229-36|1233 -42(1237-47
470 |406-40/408-36{410-32(412-27414-23|416-19|418+17|420-15{422-13(424-11]| 750 [1241-53




~ Publications of the
Aeronautical Research Council

ANNUAL TECHNICAL REPORTS OF THE AERONAU,TICAL

RESEARCH COUNCIL (BOUND VOLUMES)

1941 Aero and Hydrodynamics, Aerofoils, Alrscrews, Engines, Flutter, Stabrhty and Control, Structures.

1942 Vol. I. Aero and Hydrodynamics, Aerofoxls, Alrscrews, Engines.
Vol. II. Noise, Parachutes, Stability and Control, Structures, Vibration, Wind Tunnels. 47s. 64, (post 1s. 9d.)

1943 Vol. I Aerodynamics, Aeroforls, Airscrews. 8os. (post 2s)
Vol. II. Engines, Flutter, Materials, Parachutes, Performance, Stablhty and Contro] Structures.

1944 Vol. I Aero and Hydrodynamrcs, -Aerofoils, Aircraft, Alrscrews, Controls 84s. (post 2s. 6d.)

63s. (post zs.’ 3d.)

755, (post 2s. 3d.)

gos. (post 2s. 3d.)

Vol. Il Flutter and Vibration, Materials, Miscellaneous, Navigation, Parachutes, Performance, Plates and
: Panels, Stab111ty, Structures, Test Equipment, Wind Tunnels. - 84s. (post 2s. 64.)

1945 Vol. " 1. Aero and Hydrodynarmcs, Aerofoils,
Vol.” II. Aircraft, Airscrews, Controls.

130s. (post 2s. 9d.)

-1305. (post 25. 9d.)

Vol. II1. Flutter and Vibration, Instruments, Miscellaneous, Parachutes, Plates and Panels, Propulsion.

130s. (post z2s. od.)

Vol IV. Stability, Structures, Wind Tunnels, Wind Tunnel Techmque 130s. (post 2s. 6d.)

_Special Volumes

Vol. I. Aero and Hydrodynamics;-Aerofoils, Controls, Flutter, Kites, Parachutes, Performance, Propulsion,
126s. (post 2s. 6d.)

Vol. II Aeroand Hydrodynamics, Aerofoils, Airscrews, Controls, Flutter, Materials, Miscellaneous, Parachutes,

-Stability.

Propulsion, Stability, Structures.

- 147s. (post 2s. 6d.)

Vol. III. Aero-and Hydrodynamics, Aerofoils, Airscrews, Controls, Flutter, Kites, Miscellaneous, Parachutes,
" Propulsion, Seaplanes, Stability, Structures, Test Equipment. 18¢s. (post 3s. 3d.)

Reviews of the Aeronautical Research Council
1939—48 3s. (post’5d.)

1049-54 55 (post 6d.)

Index to all Reports and Memoranda published in the Annual Technical Reports
- R. & M. 2600 6s. (post 4d.) .

1909-1947

Author Index to the Reports and Memoranda and Current Papers of the Aeronautlcal
. Research Council :

February, 19 54—-February, 19 5 8

R & M. No. 2570 (Revised) (Addendum) 7s. 6d. (post 4d.)

Indexes to the Technical Reports of the Aeronautical Research Council
July I, 1946—December 31, 1946 R. & M. No.

2150

15, 3d. (post 2d)

Pubhshed Reports and Memoranda of the Aeronautlcal Research Council

Between Nos.
Between Nos.
Between Nos.
Between- Nos.
Between Nos.

Between Nos

22512349
23512449
24512549
25512649
26512749

. 2751~2849
Between Nos.

2851-2949

W R R

. & M. No.
& M. No.
& M. No.
. & M. No.
. & M. No.
. & M. No. 2850
L& M.‘ No. 29350

2350
2450
2550
2630
27750

1s. gd (post 2d.}-

2s. {(post 2d.)

2s. 6d. (post 2d.)

2s. 6d. (post'2d.)

25, 6d. (post 2d.)

25, 6d. (post 2d.)

3s. (post 2d.) -

HER MAJESTY S STATIONERY OFFICE

from the addresses overleaf



© Crown copyright 1960

Printed and published by
Her MajeEsTY’s STATIONERY OFFICE

'To be purchased from
York House, Kingsway, London w.c.2
423 Oxford Street, London w.1
13a Castle Street, Edinburgh 2
109 St. Mary Street, Cardiff
39 King Street, Manchester 2
Tower Lane, Bristol 1
2 Edmund Street, Birmingham 3
80 Chichester Street, Belfast 1
or through any bookselier

Printed in England

R. & M. No. 3126

R. & M. No. 3126

5.0. Code No. 23~3126

ot a1



