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REPORT No. 216

THE REDUCTION OF AIRPLANE FLIGHT TEST DATA TO STANDARD
ATMOSPHERE CONDITIONS

By Warter S. Digsr and E. P, Lestey

SUMMARY

This paper was prepared for the National Advisory Committee for Aeronautics in order
to supply the need of practical methods of reducing observed performeance to standard conditions
with a minimum of labor. The first part gives a very simple approximate method of reducing
performance in elimb, and is particularly adapted to work not requiring extreme accuracy.
The second part gives a somewhat more elaborate and more accurate method which is well
suited to general flight test reduction. The third part gives the conventional method of cali-
brating air-speed indicators and reducing the indicated speeds to true airspeeds. An appendix
gives working tables and charts for the standard atmosphere.

PART I

THE REDUCTION OF TEST DATA IN CLIMB TO STANDARD CONDITIONS—A SIMPLE
APPROXIMATE METHOD

By Warrer S. Disgn

SUMMARY

This paper was prepared for the National Advisory Committee for Aeronautics to illustrate
a simplified method of reducing observed airplane performance date to stendard conditions.
The method is based on the assumption that under any normal condifions of pressure and
temperature, that is, at any given air density, the instantaneous climb (or speed) has the same
value that it would have at the same density in standard atmosphere. This assumption allows
the corrections to be made to the altitude rather than to a rate of climb deduced from successive
altimeter or aneroid readings. As a result, the calculations are reduced to approximately
25 per cent of the amount.required by the old method. The results by both methods are in
substantial agreement.

The principle of correcting to altitude in the standard atmosphere is also applied to the
reduction of air-speed meter readings fo true air speeds.

INTRODUCTION

The performance of an airplane must depend on the relations between the power required
and the power available. Consequently, in a study of the variations of performance due to
changes in atmospheric conditions we must consider the variations of each factor. For any
given airplane, at a given air speed, the power required will vary as the square root of the air
density. The power available from a conventional airplane engine varies with both pressure
and temperature, according to the relations given in National Advisory Committee for Aero-
pautics Technical Report No. 171. The propeller efficiency at a given slip is probably inde-
pendent of the pressure and slightly dependent on temperature (i. e., in so far as the viscosity
is concerned). The resultant effect of the variations is very difficult to predict unless we assume

187

|



188 N REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

a standard atmosphere in which there are definite relations between pressure, temperature,
density, and altitude. For the same reasons the observed performance of a given airplane is
varieble from day to day, so that it is necessary to reduce the ohservations to standard condi-
tions in order to obtain comparable values. : .

Unfortunately the reduction of performance data to standard conditions is a tedious process
when the usual methods are employed; so tedious, in fact, that few engineers have had the
patience to master the methods, and so uncertain that the final results by different methods are
not always in accordance with each other. It is the purpose of this paper to present a very
simple method based on the assumptions that the rate.of climb decreases uniformly with increase
in altitude and that the instantaneous climb for normal pressures and temperatures; that is,
for any given density, has the same value that it would have at the same density in standard
atmosphere. The former assumption is verified by test data and is frequently taken as an
accepted fact. The second assumption not only seems to be justified in view of the very small
average value of the corrections which must be made for strict, accuracy, but it also leads to a
great simplification in the method of reduction to standard conditions. = '

.

In Part III of this report the conventional method for reducing alr-sp'ééd meter readings

to true airspeeds hasbeen developed along the same lines followed in reducing performance in
climb. When these methods are used it will be faund that the data from a complete performance
test may be quickly reduced to-standard conditions. As will be shown later, the results are in
substantial agreement-with those obtained by the use of the more complicated methods.

For the information of the reader who wishes to compare the new method with the con-
ventional methods reference is made to Chapter IX.of Bairstow’s Applied Aerodynamics, or
to the various reports of the British Advisory Committee for Aeronautics, R. & M. 324, 474,
608, ete. OUTLINE OF THE METHOD

The following brief outline will indicate the steps taken to reduce an observed performance
in climb to standard conditions: First, obtain the atmospheric pressures p, either from aneroid
readings or from the altimeter readings Z;. Next thers is found the altitude in standard atmos-

phere Z,, at which the density is the same as that determined by each pressure p, and the corre- .

sponding observed air temperature {. A time-of-climb curve is then plotted with the equivalent
altitudes Z, as ordinates and the corresponding times T as abscissas. The rates of climb are
determined at any desired number of points along this curve by the corresponding tangents.
The values so found are plotted as abscissas to some convenient scale against Z, as ordinates
and a straight line is drawn through the points which will give the most-probable climb at
each altitude. In most cases this line will be well defined. From it the corrected time-of-
climb curve is caleulated. A table may now be made giving, according to requirements, a
series of altitudes in standard atmosphere with the corresponding rate of climb and time of
climb. This completes the reduction of the climb data to standard conditions.

The data required for this method of reduction are: Either aneroid pressure readings or
* the initial pressure p, (i. e., the barometric pressure at which the altimeter reads zero), and
the altimeter readings Z;, time of climb 7, and corresponding air temperatures . Obviously
such data as weight of airplane, type and condition of engines, characteristics of propeller,
weather conditions, etc., should be taken for general information. R.P.M. and air-speed
meter readings are also desirable and should be taken along with the test data.

Whenever possible an aneroid which reads pressure directly should be used. This will
eliminate the conversion of altimeter readings to pressures and thus give somewhat greater
accuracy to the reduction.

CONVERSION OF ALTIMETER READINGS TQO PRESSURES

~ Standard altimeters in use in the United States are constructed and graduated to read
altitudes corresponding to pressures given by the modified Halley’s equation

Z,=62,900 logm(z%?—()) (1)
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where Z, is the altimeter reading in feet and p the barometric pressure in inches. The constant
62,900 in this equation corresponds to a mean air temperature of +10° C. and fo the average
humidity. Only when these conditions are fulfilled does an sltimeter read the true altitude.
However, the instrument is actuated by pressure, and owing to its uniformly divided scale
the barometric pressure corresponding to any reading may readily be obtained from equation (1)
written in the form

Z,=62,900 logm(%q) @)
where p, is the barometric pressure at which the instrument reads zero. p may be calculated
from (2) or read directly from the curve in Figure 1, which is a plot of the data in Table I.

Specimen calculations of p will be found in columns 4 and 5 of Table II, using actual test
data taken from Table 10, Chapter IX, of Applied Aerodynamics (Bairstow). The value of

Z-;’icorrespondiug to each altimeter reading has been read from the curve in Figure 1. The

next step is to find the altitude in stendard atmosphere having the density determined by p
and ¢ This altitude will be called the “equivalent altitude’’ and denoted by the symbol Z,.

32000
\
\

\\

T 88§ § 8

Alfimefer readings in feet - Z,

4000 I
\\

]

330 040 050 @60 070 080 4as0 Log

Ratio p{p,
F16. 1.—Relation between pressure ratio and aliimeter reading. (Altimeter reading zero when p=Pe)

EQUIVALENT ALTITUDE IN STANDARD ATMOSPHERE

In the standard atmosphere there are definite relations between p, ¢, s, and Z, but we
may, without appreciable error, neglect the deviations from normal in p and ¢ and say that the
altitiude in standard atmosphere corresponding to the density determined by actual values of
p and ¢ is an “equivalent altitude” for the observed conditions. That is, the equivalent alti-
tude in standard atmosphere Z, for any given p and ¢ is that altitude in the standard atmosphere
at which the density is that determined by the given values of p and i.

Z. may be calculated from the equations in National Advisory Committee for Aeronautics
Technical Note No. 99, or read directly from the chart in Figure 2. The values in column 6 of
Table II were read from Figure 2.
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RATE OF CLIMB IN STANDARD ATMOSPHERE

A plot is now made of Z, against the recorded time 7 as in Figure 3, which employs the
data from Table ITI. It is desirable t6 adopt the largest convenient scale for both variables in
this plot, since an open scale enables the slope of the tangent which determines the rate of
climb to be read with greater accuracy. When drawing in the curve of Z, ageinst T great
care must be taken in order that it may truly represent-the observed data. Some judgment is
required to draw it correctly. The curve should pass through every point if practicable,
although points which are obviously high or low may be ignored.

The rate of climb at any desired altitude is obtained directly from the slope of tangent at
that altitude. The tangent may be obtained in several ways, but the most satisfactory method
seems t0 be the old one in which two transparent triangles are used, one being held fixed and
the other slid along it until the parallel to-the tangent passes through the origin. This line
then intersects the 10-minute abscissa at an altitude which is obviously 10 times the desired
rate of climb.
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Fortunately, the errors, which are cumulative in time readings, do not affect the rate of
climb obtained from the slope of any portion of the climb curve, which is a “true climb.” For
example, it frequently happens that a cautious pilot does not obtain the maximum climb until
an altitude of several thousand feet is reached, or an inexperienced pilot may not obtain the
best climb af high altitudes. In either cese, if the best climb be obtained and held for a few
thousand feet, it will be sufficient to determine the straight line which represents the best rate
of climb plotted ageainst eltitude. Consequently, the rates of climb as determined by the
slopes of the tangents are plotted against altitude and a straight line drawn through the values
which give the most probable climb. Scattered high or low values in rate of elimb may be neg-
lected entirely, although the rate of climb is more aften low than high when incorrect.
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Nors.—~Obeerved tims of ¢cHmb is from test data given in Table 10, Qhapter IX, “Applied Aarody-

namics,”

The correct time-of-climb curve may be constructed from the rate-of-climb line either by
the use of average rate of climb over short intervals of eltitude, or better, by the use of the
equation

T minutes =2.304 (%,—:) log,, (7‘%7) 3

where Z, is the absolute ceiling, Z the altitude to which the time of climb 7T'is desired, and
O, the initial rate of climb. Note that C, and Z, are given by the intersections of the rate-of-
climb line with the rate-of-climb axis and the altitude axis, respectively.

COMPARISON OF METHODS

The test data used in Table IT to illustrate the simplified method of reduction was taken
from Chapter IX, Applied Aerodynamics, where it is reduced to standard conditions according
to the British method. Unfortunately the ground pressure is not given with this data and
must be assumed. The altitudes are given by Bairstow as “eneroid height” without qualifi-
cation. It is therefore probable that the instrument had a fixed instead of an adjustable scale. -
Assuming this o be the case, the initial pressure must be p,=29.92 inches, the value here adopted.
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When these data are reduced by the simplified method, the time-of-climb curve plots as in
Figure 3. The tangents to this curve give the rates of climb indicated by dots. Bairstow’s
values for rate of climb are indicated by circles. Assuming that the rate of climb is a linear
function of altitude, a straight line has been drawn through each set-of reduced rates of climb.
It will be noted that the difference is comparatively small and that it is greatest at high alti-
tudes when the corrections are most difficult to apply. The difference in the indicated absolute
ceiling is 1,000 feet in 26,000 feet, about 4 per cent. This is ordinarily less than the precision
of the test data. ' '

In order that the differences between the two methods may be made more clear, Table 111
has been prepared. In this table the rate of climb and time of climb are given at a series of
altitudes for three cases: (1) The actual figures obtained from reduction of the test data by
the old method; (2) the same figures corrected on the assumption that the rate of climb is
linear with altitude; and (3) the corresponding results obtained by the simplified method of
reduction.

TABLEI =~ & TABLE II o o TABLE HI =~ T
RELATION BETWEEN AL-  REDUGCTION OF PERFORMANCE TEST COMPARISON OF PERFORMANCE REDUCED
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ATMOSPHERIC PRES- . 'NEW METHODS
BURE [Test data. po=29.93]
Z,=62,900 Iogre (p,) : 1 " .| Balrstow! | Balrstow? | New method
Tl &gl al?| E z
2 - - 4z | o |42 L | &2 o
- Pe Alth e & & a
' | W  Ninchs| Pt T
sec. nenes 8
Py Voo | g von| B|L200|%.92 i+ ﬁ e o e
1,000 96840 9 4,000 18| .864) 26851 min. | Min- | min- | Min-) min- | Min
2000 | .9204 128 | 6,000 15 .803 2405 7,280 Feet | ule | ues | wle | utes | ule | ules
2,000 .8964 3.12| 8000 11| 746712232 9,1 o170 0 1,705] 0 1,800
4000 | lse3s L.07110,000] T) -093]20.72) 1515 2,000 | 1,670 | 121 (1,520 r21| 1565 n2t
5000 | .83%7 04112000 3| .64 19.27 | 12, 4,000 | 1,430 | 254 | 1,435 | 255] 1,435 | .58
6 000 8023 9.22 {14,000 1 —1| .600| 17,95 | 14,700 8,000 | 1,285 | 402 |L305| 400} 1,310 400
7000 | .7res 10.41 1 15,000 | —2| .5I8 | 17.30 ; 15,750 8,000 | 1,160 | &75 11,170 | 5.63( 2,180 5.63
8000 | .76l 2015001 —4| KT 1081068 10,000 [ 1,020 | 7.49 | L35 | 7.43 | Los0 | 7.40
6,000 '7193 13.33 | 17,000 | —8 | .53816.10 | 17, 12, 000 885 | 9.3 005 | o.52 925 | §.43
10,000 | 6335 1618 | 18,000 | —8 /| .818) 1560 | 18,8 14,000 735 |12.36| 770 |1l00| s0c|iL70
12000 | .6445 17.04 1 16,000 1 —10 | .400 ( 24.63 | 19, 200 16,000 [ 615 1513| o40|1472| 6751480
15000 | 500 18.50 f 20,000 | —10 ; .481 | 1441 | 20,250 18,000 £05 {1870 505|1%23| 50 |17.80
16,000 | 5567 - : 20,000 370|28.30 | 8702280 4202190
1&% ‘ 2%(7)3 Test data in columns 1-3 are taken from Table P
%000 ‘4300 X, Chepter IX of Applled Aerodynamics, 1y ter IX, Applied Aerodynamics.
24,000 . A% Balrstow. (Actual Pedised vabuen)
%% m& o ) _--‘«: - .2 Samadata, assuming ( 3 ) lnesr with Z.
30,000 | .3885
. - e W BRI LI L e e LS

PART U1
REDUCTION OF AIRPLANE PERFORMANCE IN CLIMB TO STANDARD CONDITIONS
By E. P. LesLEY
SUMMARY

This is a description of the method proposed and used by the staff of the Langley Memorial
Aeronautical Laborafory for the reduction of data secured in flight tests to the conditions of

the standard atmosphere. It is assumed that, for the moderate changes of pressure and tem-
perature generally encountered in passing from conditions of the actual etmosphere to those’

of the standard, the power and R. P. M. of the engine; as well as the thrust of the propeller and
the lift and drag of the airplane, depend only upon the density, or upon the specific weight,
of the air. Under this assumption, a simple method for transforming observed or recorded
altitudes and times to altitudes and times for the standard atmosphere is described and illus-
trated. Rates of climb are determined by drawing tangents to the time-altitude curve.
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INTRODUCTION

Experience with several methods of reducing flight-test data to the conditions of the stand-
ard atmosphere has led to the formulation and adoption of the following, which, while in some
respects not new, and in others possibly not as accurate as might be desired, yet offers the
advantages of simplicity, the reduction of the original barograph to the time-altitude curve
for the standard atmosphere without preliminary plotting of rates of climb or other curves,
and sufficient accuracy for any purpose such reduced data serve.

While the evidence of tests indicates that engine performance varies with air pressure
and temperature, even though density remains constant, the introduction of corrections for
such variation complicates the problem of reduction very considerably; and since these cor-
rections are usually small, generally within the probable error in the original data, and not
determinate without preliminary test of the engine, it appears that they may be neglected
without serious consequences. Therefore it is assumed that the power and R. P. M. of the
engine are constant for constant density, and do not change with temperature and pressure
in passing from the encountered to the standard atmosphere, provided only that the density
remains the same. This assumption being granted, it follows that air speed and rate of climb
are constant for constant density.

STANDARD ATMOSPHERE

The air of the standard atmosphere is considered dry. The pressure at zero altitude is
760 mm. of mercury and the temperature is 15° centigrade. The specific weight is 1.2255 kg./m.
The temperature gradient is —6.5° centigrade per thousand meters to an altitude of 10,769
meters, at which a temperature of —55° centigrade is reached. From this point upwards the
temperature is assumed constant. Boyle’s law, that density, or specific weight, varies directly
as the absolute pressure and inversely as the absolute temperature, is assumed to apply through-
out.
Using metric notation, in which
Z =altitude, meters,
t=temperature, degrees centigrade,
T =harmonic mean temperature, degrees centigrade, absolute,
p =pressure, millimeters of mercury,
p=density, mass per unit volume, kg.-m.-sec.,
gp =specific weight, kg./m.;

the conditions of the standard atmosphere may be formulated as follows:
For altitudes up to 10,769 meters

F=15—0.0085Z - e e e e o e o e e e e e e e 1
go= 04644 e e, 2
44,308 — Z\\**¢

p=(Fgpar) e 3

For altitudes above 10,769 meters
= =55 e e 4
g0 =0.0021303 P -« - o e e e e e e 5
Logmp=2.88'0814—mz7ﬁ;-__-____---_-_-___--_-- et mmmmeen 6

"For all altitudes

dz="1830dp . T

an
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Using English notation, in which
Z =altitude, feet,
{=temperature, degrees Fahrenheit,
Tn~harmonic mean temperature, degrees Fahrenheit, absolute.
p=pressure, inches of mercury,
p=density, mass per unit volume, lb.~ft.—sec.,
ge =specific weight, 1b./cu. ft.,

For altitude up to 35,332 feet _
t=569—0.0035662 _. _. e ae 8

1.3256p e i e
gp=m£ e RTINS TL - PRI A P 9
_(145,365—Z)‘-2“ 0
“\TT6,140 ) e e
For altitudes above 35,332 fest '
Bom 87 - e e e e e e 1t
g9 =0.008878P - e o o 12
8P =1. 122868 T -~ -" ~= = == === TS eiereae s il Tl
For all altitudes
qz=—70.67d e
an et bbbl

From formulas 1 to 14 the temperature, pressure, and specific weight or density at any
altitude in the standard atmosphere are readily calculated. In the appendix, Tables VI and
VII show the above quantities for metric and English units, respectively, while the associated
Figures 7 and 8 show the specific weight altitude relations as tabulated.

The altitude in the standard atmosphere for specific weight equal to that of the air encoun-
tered in flight may be either read directly from the charts or interpolated from the tebles, the
specific weight of the encountered air having been first computed by formula (2) or (9). The
charts are found to be more convenient but the tables more accurate The former sare,
however, sufficiently accurate in the usual case. .

REDUCTION OF FLIGHT DATA TO STANDARD CONDITIONS

The observed or recorded data consist essantmlly of time, air pressure, and air temperature.
Indicated air speed, revolutions per minute, various engine pressures and temperatures, angle of
attack, and any other desired data may be added to these. The pressure is often recorded in
terms of indicated altitude, but this is, by & calibration of the instrument, readily converted into
pressure in millimeters or inches of mercury. .

The essential observed data, together with computations for the time-altitude relation for
the standard atmosphere, are conveniently arranged under column headings as follows:
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"’ COLUMN

NO. BSYMBOL QUANTITY

1 T, Time, observed.

2 AT, Increment of time, observed.

3 Do Pressure, observed.

4 Ap,  Increment of pressure, observed.

5 t Temperature, observed.

6 . gp  Specific weight (computed from observed temperature and pressure).

7 grm  Mean specific weight for altitude increment.

8 AZ, Increment of altitude, absolute.

9 Z, - Altitude in standard atmosphere for equal specific weight.
10 AZ,  TIncrement of altitude, standard atmosphere.
11 AT, Increment of time, standard atmosphere.
12 Te Time, standard atmosphere.

In the above it is to be noted that the observed times, pressures, and temperatures are pre-
sun(lied to have the correct values, or values determined from calibration curves-of instruments
used.

AT, is the interval of time between two consecutive observations and equals

To,— Tol,' Tos_' Ty TL‘—T.,’, ete.

In like manner Ap, is equal t0 Po,— Do,y Poy— Pogy Po,— Doy €tC., being consequently negative
if observed pressures are decreasing.
gp is determined from the equation

if metric units are used, or from

if the English system is employed,
g is equal to gﬁ_—%—g_py’ g&—}ﬁ’: S%gﬁ, ete.

AZ,, the increment of absolute altitude, is determined from equation (7) or (14), it being
assumed that the relation as expressed for the differentials holds true for the finite increments
AZ and Ap, and that the change in specific weight from gp; to ges, gps to gp,, ete., is rectilinear.

Consequently 13,504
AZ,,=—_'—g’?——£‘-’ for metric units,
m

AZ, = '73':“ © for English units.

AZ, is thus positive for decreasing values of Do, 8ince Ap in such case is negative.
Z, is read directly from Figure 7 or Figure 8, or is interpolated from Table VI or Table
VII for the various values of gp,
AZj=Zs,—Zs s Zsy— Zay, ete.
AT, is deduced from AT, through the relation
' AZ, AZ,
AT,” AT/
which arises from the assumption that the engine power is constant for constant density, and

that therefore rates of climb are the same for the encountered atmosphere as for the standard
atmosphere of equal density. Therefore .

AZ,
AT=AT, Az,

T, is the summation of AT,.
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Table IV shows the reduction of data from an_actual flight test by the above method.
As may be noted, the altitude in the standard atmosphere at the start is not zero. This will
generally be the case, for although the flight test may be started at near to sea level, it will
be the very rare exception that the density encountered at the start will be that of zero altitude
in the standard atmosphere.

If it is desired that the time-altitude curve for the standard atmosphere pass through the
origin, an initial time increment A7} , must be included at the beginning of column AT},

Za,
AT, =AT,, 37+

AT, is thus positive if Z,, is positive, and negatlve if Z,, is negative, .

It sometimes arises that the altitudes of the standard atmosphere for two or more of the
observations near the start are negative. In such case it is found most convenient-to-neglect—
all but the last of such observations, making the starting point at that observation nearest
to zero altitude standard atmosphere. Table IV has the time inerement, ATy, included at the
top of column for AZ,. The finel reduced data, altitude in standard atmosphere Z,, and time
for standard atmosphere 7, are plotted in Figure 4. The resulting rate of climb curve, deter-
mined by taking tangents of the altitude-time curve, is shown.
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Fig. 4—DH 4B airplane. Roots supercharger. Fght 18 B standard atmosphere. Reduction of date
by Langley Memorial Aeconautical Laboratory Method

DISCUSSION"

It may be noted that in the example given the points for time altitude in the standard
atmosphere do not all lie upon a smooth, fair curve. The dispersion from such a curve in
however, not greater than would be prevalent for points of absolute altitude and observed
time, since the slope between corresponding consecutive points is, from the method of reduction,
the same for the.two cases. The result of this method is that the time-altitude curve for the
standard atmosphere has, at altitudes of equal density and if corresponding points are given
equal velue, the same slope as the curve for observed time versus absolute altitude. Rates of
climb in the standard atmosphere are thus the same as rates of chmb in the encountered atmos-
phere of equal density.
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It does not generally seem possible to draw through all of the points for altitude and time,
whether these be absolute altitude and observed time or altitude in the standard atmosphere
and time for the standard atmosphere, what may be properly called a smooth curve, particularly
if the observations are made at short time intervals. This is true even if the test flight has been
conducted with the best endeavor of the pilot to secure a smooth barograph. If, however, the
observations are at comparatively long intervals, a smooth, fair curve is more readily drawn
through all points. In the example given the data were recorded at 17-second intervals by
means of photograph apparatus. The pressures and temperatures given in Table IV were
taken at 2J4-minute intervals from the carefully plotted but irregular line drawn through all
observations. :

TABLE IV

COMPUTATIONS FOR REDUCTION TO THE STANDARD ATMOSPHERE
DH—+4B ROOTS SUPERCHARGER

Flight 18 B, September 27, 1023

2 3 + 1o 6 7 ] 9 10 1
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150 | 25 | 2.2 | —L35 | 36 | lose7 | [0Sl | 558 | 10,50 | Lex | 285 | 1s82
15 | 25 | 2010 [ —C15 | 45 | -es28 | Loz | psor | 12100 | L6800 | 268 | 1848
20.0 25 19.00 —-1.10 43 . 0501 . 0515 1,510 13,800 1,700 271 2119
25 | 26| 1805 | —o5 { a0 | o | lomo | La | 15200 | L400 | 255 [ mT
250 | 25 | 1725 | —80 | 34 | ess | lo71 | 1202 | 16250 | 080 [ 218 | 250
ars | 25 | €72 | —& [ 3o | ez | Cowr 820 | 17,000 750 | 2.28 | =20
30,0 | 25 | 1585 | —77 [ 30 [ -0 | Cos2 | 12 | 15350 | L0 | 273 | 08
25 | 25 | 1560 | a5 | 26 | o425 | Coazs &8 | 18750 400 | L3 | 3206
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37.6 2.8 14.80 —.85 22 - 0407 L0411 602 20, 100 600 2.50 37.04
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b 65 | 25 | 1088 | —i5 [ —9 | Loaie | Loslr m2 | w0 | 350 | aet | 88
680 | 0.5 | 1080 [ —o08 | —10 | .0318 | Ccais 78 | 2100 | 100 | O | 6516

t 1.40 is an Init!
is at 1,130 feet.
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PART III
THE CONVERSION OF AIR-SPEED INDICATOR READINGS INTO TRUE AIR SPEEDS
THE AIR-SPEED INDICATOR '

By Warter S. DiesL
SUMMARY

This part describes the conventional method of calibrating air-speed indicators and reducing
indicated air speeds to true air speeds in the standard atmosphere.

- INTRODUCTION

In order that the methqd of converting air-speed indicator readings into true sirspeeds
may be fully understood, a brief explanation of the functioning of the instrument will be given.
An sir-speed indicator consists essentially of two parts, the head and the indicator. The
head, when placed in a relatively moving fluid, provides a differential pressure p, which is

directly proportional to the density of the fluid p and to the square of relative velocity V.

That is, - T
p=po—p,=Kp V2 e ]

time Increment equal to the time required to climb from zero altitude in the standerd atmosphers to the starting poi.nt; w-h.leh ’
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. For any given type and size of head, K is constant over the usual range of flight velocitiea
and its value may readily be determined by simple tests. When K is known, the value of
the differential pressure p may be calculated for any desired values of ¥ and p. The indicators,
or gauges, are designed to operate on the differential pressure produced by the head. The
scale is graduated to read directly the relative velocity corresponding to each differential pres-
sure when p has the fixed value 0.00237 (Ib.—ft.—sec. units), known as the standard density.
If the instrument be properly constructed and graduated, the relative velocities or air speeds
will be correctly indicated in air of standard density. When the air density differs from ‘the
standard value the readings will be indicated airspeeds, Vi, and not true air speeds V. More
properly, the reading of the instrument is always an indicated air speed, which. is a true air

speed only when the air density has the standard velue used in the desxgn of the gauge. The

relation between V; and V is obviously

v=AploeV T e

since p/ K will be constant at any given reading.

Owing to the effects of interference from the parts of the airplane surrounding the head,
and to veriations in the construction of instruments and in the methods of installation, an
air-speed indicator very rarely registers the true indicated air speed. In order to reduce an
air-speed indicator reading V, to the true indicated air speed, V;, it is therefore necessary to
calibrate the installation over the entire range of speeds employed and thus obtain a curve
of true indicated air speed against air-speed indicator reading. Note that we are using three
speeds, (1) the air-speed indicator reading, Ve, (2) the true indicated air speed, Vi, and (3)
the true airspeed, V. The ground speed does not enter into readings of air speed except in
calibration tests.

The curve of V, against V, is known as the calibration curve, and once established for
any particular installation it may be used to convert any normal air-speed indicator reading
into. the corresponding true air speed, as will be shown later. The conventional method of
deriving the calibration curve will first be explained.

AIR-SPEED INDICATOR CALIBRATION

The calibration of an air-speed indicator is simply & determination of the true indicated air
speeds, V, and corresponding air-speed indicator readings, Vi, at a sufficient number of points
to determine the curve of V; against V,. Since V; is the speed that should be indicated and V,
is the speed actually indicated, any method which will determine the value of V¥ corresponding
to V, will be satisfactory. The usual method is to make timed runs with and agsainst the wind
over & measured course. In this method the wind must be approximately parallel to the course,
or of comparatively low velocity. The flights should be made at-a low and uniform altitude,
the pilot using a statoscope if necessary. The timing must be accurate, and only high-grade,
properly regulated stop watches or chronographs should be used. Particular care must be
taken if the timing is done by the pilot or an observer to see that the starting and stopping of
the watch are made under the same conditions. Obviously the length of the course must be
accurately known and the ends well defined.

Five sets of runs-are usually sufficient, & set being u.nderstood to consist of two runs av
constant air-speed indicator reading, one with and one against the wind. These runs should be
so made that one set is at high speed, one set at the lowest safe flying speed, and the three
remaining sets at approximately equal intermediate intervals.

In all calibration tests the following data must be taken: (¢) Length of course, barometric
pressure, air temperature; (b) altimeter reading, average air-speed indicator reading for each
run, time over the course for each run, and air temperature. Note that-the readings in group
(@) are as necessary as'the actual flight data in group (). These data are reduced to a calibra-
tion curve, first by calculating the ground speed over the course with the wind and against the
wind, and taking the average of the two as the true air speed at the given meter reading. Note
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that this true air speed must be obtained from the average of the two speeds and not from the
average time over the course. The next step is to calculate the true indicated air speed, Vi;
that is, the air speed which would have been indicated had the instrument read correctly,

according to equation 2. _
Vl= V’\iplpo -————emea -_.__ ———— --‘ e e em temm mm e e ———————— e 2

The values of +/p/p, may be read directly from Figure 5 when the barometric pressure and air
temperature are known. The barometric pressure should be corrected for the flight altitude.
The observed sair temperature is used.
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The plot of V; against ¥, is usually & straight line. Even in extreme cases the curvature
is so slight that the calibration curve may be extended considerably beyond the observed limits
without introducing appreciable error, except at very low speeds. :

Table V illustrates a convenient method of tabulating the calculations necessary to derive

a calibration curve from test data.

REDUCTION OF AIR-SPEED INDICATOR READINGS TO TRUE AIR SPEEDS

The reduction of air-speed indicator readings ¥, to true air speeds consists of two steps.
The true indicated sir speed, V;, corresponding to ¥, is first read from the calibration curve.
V; is then converted to the true airspeed by the use of equation 2. That is,

V= V;\/% i 20
848—287——14

L

RS

b
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A convenient method of tabulating the calculations is glven in Table V. The following steps
are taken in the order given: The test data are put down in three columns, (1) altimeter reading,

Z;, (2) average air-speed meter reading, Vi, and (3) air temperature, {. The value of (p))

corresponding to Z; is then read from Figure 1 and placed in column 4. g— determines p, since
[+

P, is known. The equivalent altitude in standard atmosphere, Z, corresponding to p and ¢, is

read from Figure 2. The value of \/ %’ is read from Figure 6 and the value of V| corresponding

to V, is read from the calibration curve. 7V, the true air speed, is the product of T} and ¥, and
is plotted against Z. to obtain the variation of velocify with altitude.
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TABLE V —
AIR-SPEED METER CALIBRATION
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Plot V. {col. 8) agalnst Vi (col. 12) for correction curve.
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TABLE VII

STANDARD ATMOSPHERE ENGLISH UNIT3
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APPENDIX
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