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REPORT No. 216

THE REDUCTION OF AIRPLANE FLIGHT TEST DATA TO STANDARD
ATMOSPHERE CONDITIONS

By WALTER S. DIEHL and E. P. LESLEY

.—

SUMMARY -

This paper was prepared for the National Advisory Committee for Aeronautics in order
to supply the need of practical methods of reducing observed performance to standard conditions
with a minimum of labor. The fist part gives a very simple approximate method of reducing
performance in climb, and is particuhdy adapted k work not requiring extreme accuracy.
The second part gives a somewhat more elaborate and more accurate method which is well
suited to general ftight test reduction. The third part gives the conventional method of caE-
brating air-speed indicators and reducing the indicated speeds to true airspeeds. b appendix
gives working tables and charts for the standard 8tmosphere.

PART I

THE REDUCTION OF TEST DATA IN CLIMB TO STANDARD CONDITIONS-A SIMPIJI
APPROXIMATE METHOD

By WALTERS. Dum>

SUMMARY

This paper was prepared for the National Advisory C!oromitt*efor Awonautics to iIl@rate
a timpIified method of reducing observed airplane performance data to standard conditions.
The method is based on the assumption that under any normal conditions of prassure and
t~perature, that is, at any given air density, the instantaneous climb (or speed) has the swne
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 rasults 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 to true air speeds. ,

INTRODUCTION

The performance of an airplane must depend on the relations between the power required
and the power avaiIable. Consequently, in a study of the variations of performance due to
changes in atmospheric conditions we must consider tie variations of each factor. For any
given airplane, at a given air speed, the power required will vary as the squme root of the air
density. The power available from a conventional airplme engine varies with both pressure
and temperature, according ta the re18tiona given in National Advisory Committee for Aero-
nautics Technical Report No. 171. The propdler efllciency 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 eflect of the varktions is very ddlicult to predict udess we assume
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a standard atmosphere in which there are dehita relations between pressure, temperrd.ure,
density, and altitude. For the same reasons the observed performance of a giwm airplane is
variable from day to day, so that it is necessary to reduce the observations to standard condi-
tions in order to obtain comparable values.

Unforttiately the reduction of performance data to standard conditions is a tedious process
b

when the usual methods are employed; so tedious, in fact, that few engineers have had the
patience to master the methods, find so uncertain that the final JW@S by different methods a~
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 instaritaneous ck.mb for noim.mlpremm+s imd temperatures; tliat is,
for any given density, has the same value that it would ha~e at the same density in standard
atmosphere. The former assumption is verified by test data and is frequently taken as an
accepted fact. The secopd assumption not only seems to be justfied in view of the very small
average value of the corrections Tvhi~ rnwt .be made_fcwstiict.accwacy, but it ~0 leads tO a
great simplification in the method of reduction to stamhwd..conditicms,...

In Part HI of this report the conventional method for reducing air-speed rn~t.erreadings ‘-
to true airspeeds has been developed along the same lines followed in reducing performtmcc in
climb. When thesunethods are used itfl be fen.@ L?@&the data from a.c.omple~ performance
test may be quickly reduced to-standard conditions. & wiIl be shown later, the results are in
substantial agreementwith those obtained by the use of the more complicated methods.

For the information of the reader.who wishes t~ .wrnpare the new method with the con-
ventional methods reference is mada to Chapter IX. of Baimtow’s Applied Aerodynamics, or
to the various reports of the British Advisory Committee for Awonautim, R. & M. 324, 474,
008, etc.

OUTLINE OF THE METHOD

The following brief outline w-Nindicate the.~teps taken to ieduce an observed performance
in c%b to standard conditions: First, obtain the atmospheric pressures p, either from aneroid
readings or from the altimeter readiDgsZi. Next thti is found the altitude in standard atmos-
phere Z,, at which the density is the same ss tiat determined by each pr=~e R and the Corre-~
spending observed air temperature t. A time-of-climb curve is then plotted with the eciuivalent
altituk Z~ as ordinates and the corresponding times 2’ ~ absc~as. The rates of climb are
determined at any de-sirednumber of points aIong this curve by the corresponding tangents.
The values so found are plotted as absc~m to Somficon~e~ent scale ag~st Ze ss ordinat~s

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 tin]c+of-
climb curve is calculated. A table may now be. made giving, according to requiremcn% a
series of altitudes in standard atmosphere with the corresponding rate of climb m-udtime of
climb. This completes the reduction of the climb data to standard conditions.

The. data required for this method of reductiom are: Either aneroid pressure teadinge or
the initial pressure PO (i. e., the barometric pressm at which the altimeter reads zero), and
the altimeter readings Zi, tie of clfib T, and corr~ponding “air temperatures t. Obviously
such data as weight of airplane, type and condition of e@w, characteristics of propeller
weather conditions, etc., should be taken for general information. R.p”hf. and ~ir-sPo~
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. ~his will
eliminate the conversion of altimeter readings to pressures and thus give somewhat greater
accuracy to the reduction. —.

CONVERSION OF ALTIMETER REARINGS TO PRESSURES

Standard altimeters in use in the United States are constructed and graduated to read
altitudes .correspondi~a to pressures gi-ren by the modified Halley’s equation

--
.-

()29.90Z,= 62,900 log,O ~ (1)
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where Zt 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 to the average
humidity. Only when these conditions me fuMJled does an altimeter read the true altitude.
However, the instrument is actuated by pressure, and owing t.a its uniformly divided scale
the barometric prsure corresponding to any readingmay readilybe obttined from equation (1)
written in the form

()“B?Zi = 62,900 log,O ~ (~)

where po is the barometric pressure at which the instrument reads zero. p may be caklated
from (2I or read directly from the curve in Figure 1, which is a plot of the data in Table I.

Specimen calctiations of P ~ be feud in COIUDIIM4 ~d 5 of Table H, USLOactual test
data taken from Table 10, Chapter IX, of Applied Aerodpunics (Ba.hstow). The value of

1 ~onqonding to each altimeter reading has been read from the curve in F~e I. The
p.
n=t step is to iind the altitude in standard atmosphere having the density determined by p
and t. T& altitude will be called the ‘( equiwdent altitude” and denoted by- the symbol Z,.

Rotiopfpo

Fm.L-ReInthn between premnmMUOond altimeter wxlhg. (AIUmekr readhg zero when P-.)

EQUIVALENT ALTITUDE IN STANDARD ATMOSPHERE

In the standard atmosphere there are de@ite relations between p, t, ~, and Z, but TVe
may, without appreciable error, neglect the deviations from normal in p and t and say that the
altitude in standard atmosphere corresponding tO & demity determined by actual -dues of
p and t isan ‘<equivalent altitude” for the observed ccmditions. That is, the eqti~~ent alti-
tude in standard atmosphere 26 for any given p ahd t is that aItitude in the standard atmosphere
at which the density is that determined by the given m-duesof p and t.

Z=may be calculated horn the equations in National Advisory Committee for Aeronautics
Technical Note No. 99, or read directly from the chart in Figure 2. The vahms in CO1~ 6 of
Table II were read from I?igg 2.
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Atmospheric pressure Ifithches - p

FIG. 2.—EqrdvaIent altitude in stnndard atmraphere for sny gfven pressureend tem~rsture for use In
reducingobserved pxformsnce to stsndard oonditfone

RATE OF CLIMB IN STANDARD ATMOSPHERE

A plot is now made of Z. against the recorded time ~ as in Figure 3, which employs the
data from Table II. It is desirable to adopt the largast cotitienient scaIe 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 dra$ring in the curve of Z. against T greati
care must be taken in order that it may My 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 maj%e ignored. ““

The rate of climb at any desired altitude is obtained liirectly from the slope of tangent at
that altitude. The tangent may be obtained in several ways, but the most satisfactory method
seems to be the old one in whi&two transparent triangles are used, one being held fied and
the other slid along it until the parallel tc-the tangent pssses through the origin. This line
then intersects the 10-minuta 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 tiect the rate of
climb obtained from the slope of any portion of the climb curve, which is a ‘(true climb.” For
exwnple, it frequently happens that a cautious pilot does not obtain the maximum climb until
m altitude of several thousand feet is reached, or an inexperienced pilot may not obtain the
best climb at high altitudes. Jn either case, if the best climb be obtained and held for a few
thousand feet, it will be sticient to determine the straight line which represents the best rate
of cIimb plotted against altitude. Consequently, the rat= of climb as de&mined by the
slopes of the tangents me 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 climb may be n%.
leoted entirely, although the rate of climb is more often low than high when incorrect.

..r+ a-

4
Rate of c@5, yw=ew::hod

~ b_ ,, -

.. c - Ohsmed fi??eof C/d
d- brrecfed u - H

~G. %-EeduoHonOf ~ dsta h Chb w Stmdud eonditfoos tith CORIph dIWUIta byOH fmd
new methcds

NOTX.4MMSI’Mtbiad olimb b from test data given h T’abIe IQ Oh@er IX, “ArIplfedAezcdY-
nmnioe.”

The carrect time-of-climb curve may be constructed from the rate-ofdirnb line either by
the use of average rate of climb OVer &Ort inwalg of ~titude, or better, by the use of the
equation

(’W’(A)z’&inute9 =.2.304 ~ (3)

where Z. is the absolute cding, Z tie ~titude to which tie time of tib T is desired, and
C&the initkd rate of climb. Note that COand Za are given by the intersections of the rate-of-
climb line with the rate-of-climb axis and the ditude axis, respectively.

COhlPARISONOF METHODS

The test data used in Table II to illustrate the simplified method of reduction was taken
from Chapter IX, Applied Aerodynwnks, where it is reduced to standard conditions according
to the Britkh method. Unfortunately the ground pressure”is not given with this data and
must be assumed. The altitudes ~e given by Bairstow as “aneroid height” without qualitl-
cation. It is therefore probable that the instrument had a fixed instead of an adjustable scale.
Assuming this to be the rose, the initisl pressure must be pO-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. h tangents to this curve give the rates_af climb .jndicated by dots. Bairstow’s
values for rate of climb are inclicrttedby circles. Assuming that the rate of climb is a linear
function of altitude, a straight Iine 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 rJti-
tudes when the corrections are most difficult to apply. The difference in the indicated absoluto
ceiling k 1,000 feet in 26,000 feet, about 4 per cent. This is ordinarily less than the precision
of the te~t data.

In order “thatthe differences between the two methods maybe made more clear, Table 111
has been prepared. In thk table the rate of climb and time of climb are given at a series of
altitudes for three cases: (1) The actual @ures 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.

TABLE I TABLE II TABLE III – “-““ ““” ‘--

RELATION BETWEEN AL- REDVCTION 03?PERFORMANCE TEST
TIMETER READIXG AND

COMPARISON OF PERFORMANCE REDUCED
DATA ON HIGH-SPEED SCOUT . .

ATMOSPHERIC PRES-
TO STANDARD CONDITIONS BY OLD AND

SURE. [Testdata. P.-.23.92]
NEW METHODS

z.-~~’”g’”(i)

--. —..
Balrstow 1

‘1
~T

Fut

m~.Affn-
Utu

1,7400
1,670L!21
1,420254
1,223!LL
1,160
l,om 7.49
MS 9.6a
795M,ui
61616.12
50618.70
37026.60

—-—
Baluhw t New method

I

dZ
XT

Put

$: Mh-
U4U

1,620 0
1,w L 21

t% ?:
~lso 5.62
Lo& ~1

SW IL70
67614.M
55017.62
4rn2L90

. . . . .=

T

Min.,
863

.. . . . . .
0
t!i
6.07
7.04

&fi
mm
la68
M.Is
17.04
lam!

.>

dZ
X--

,.

z
Tz.

,
Fu.t
per
min-
i%
1,510
1,435
f2g

ig

no
%
270

Lom
. 96to

:%%
.S58
.8327

:%%
.74dl
. 719a
.6825
.6446
. ‘wBO
.6567
.6174
.4me
.44m
,4164
.6661
.&!48
.S886

J__- ,. L--
Test data In cohrmne1-2are taken from Tabla

X, Chapter IX of Applfed Aerodgnamke,
Bairatow.

—-
1Table l& Cha ter IX, Applied Awxfynamfcs.

a?.ctuaf reduced v ues.)

I Eiamsdata, assurnlng(f) lhearwk.h Z..:+. .
~~...-.. . . ..-

. .. ... . .. ..- ...”... -.. -.,. — ------- ------- . . . . . . . . . . . . . . . . . . . . .. ----- . . . . . . . . . .iLL=_----

PART H

REDUCTION OF AIRPLANE PERFORMANCE IN CLIMB TO STANDARD. CONDITIONS

By E. P. LESLEY

SUMMARY

This is a descriptionofthemethod proposed and tisedby thestatloftheLangley Memorial

AeronauticalLaboratory for the reductionof data sacuredin flightteststo the conditionsof

the standard atmosphere, It isassumed that,for the moderate chang& of pressureand tern- ‘- –

perature generally encountered in passing from conditions of the actual atmosphere t~ thoso -
of the standard, the power and IL l?: M. of the engine~-iis-w~””as-thi thrust of the propeller and

—

the lift and drag of the airplane, depend only upon the demity, 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 find illus-
trated. Rate&“ofclimb 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, @ich, 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 rat= of climb or other curves,
and sufficient accuracy for any purpose such reduced data serve.

While the ewidence of tests indicates that engine performance VW&S 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 pow= and R. P. 3L of the
engine are constant for constant density, and do not change with temperature and pressure
in passing from the encountered to the standard atnmsp@ej 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 pr-ure at zero altitude is
760 mnL of mercury and the temperature is 15° centigrade. The specific w~~ht is 1.2255 ~a.lm.’
The temperature gradient is – 6.5° centigrade per thousand meters to an altitude of 10,769
meters, at which a temperature of – 55° centigrade ie reached. From this point upwards the
temperature is assumed constant.. Boyle’s law, that density, or specitic 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.-se,.,

gp=specific might, kg./m.,T

the conditions of the standard atmosphere maybe formulated as follows:
, For

For

altitudes up to 10,769 meters

t=15-0.0065Z -----------------------------------------------

gp=O.4644+3---------------------------------------------- ,

44,30s – z ‘“me
P‘( 12,540 )

------ ------ ------ ------ ---- t ---------------

altitudes above 10,769 meters

t=-550----------------------------------------------------
gp=o.oo21303 p------------------------------------------------

Logl,p =2.880S14 – 67 ~o:2 ------- ------ -------- ------ ---- --------. m

For all sltitudw

– 13.59 dp
dZ= ~p ------ ------ -------- ------ ------ ----- ----- ------

---

---—

—

.-—-

.r,

——-

-

—

1

2

3

4
5 ,

,-
—

6

‘i
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Using English notation, in which
Z= altitude, feet,
t= temperature, degrees Fahrenheit,

T. ~harmonic mean temperature, degrees Fahrenheit, absolute.
p= pres9ure, inches of mercury,
P = defity, mm per unit volume, lb.-ft.-see.,

gp =Specificweight, lb./cu. ft.,

For altitude up to 35,332 feet

t= b9-0.003566Z -------------------------------------------

gP “t=: ..- .. .. ...=. .--------- ---: ---- -. :----::-”-------------. ----: --- -----

p=f4~R:i7"2M-------------------------------------------
For altitudes above 35,332 feet

t=–67 ~------- ------- ------ ------- -. -—--- -. -—--- ------ ----
gp=O.OO3378~----------------------------------------------

10glop=l.AT5Q7’&1z28:ZT -----.---...---_.:--i---------------:--
. m

For all eltitudw

dZ=
– 70.67 dp —. ..,.. --------

gP
-------------- ------- ---.---- ----------------------

8

9

10

11 ----- --- --------–-
1~

13

From fornmlss 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 ahow the epeciflc weight altitude relations as tabulated,

The altitude in the standard atmosphere for specific weight equsl to that of the air encoun-
tered in flight may-be either read directly from the charts or interpolated from the tables, the
speoiflc weight of the encountered air having been @t computed by formuIa (2) or (9). The
charts are found to be more convenient but the tables more accurate. The former are,
however, suf%ciently accurate in the usual case. --

.

REDUCTION OF FLIGHT DATA TO STANDARD CONDITIONS

The observed or recorded data consist essautially 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 sltitude, but this is, by a calibration of the instrument, readily converted into
pressure in millimeters or inches of mercury.

The asential observed data, together with computations for the time-altitude relati’on for
the standard atmosphere, are conveniently arranged under COIunmhead@e M follows:.
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“ COLUMN
NO. 8Y!4BOL

1 To
2 A To
3 PO
4 Apo
5 k
6 9P
7 gPm
8 Aza
9 ‘ z.”

10 AZ.
11 ATs
12 T= Time, standard atmosphere.

In the above it is to be noted that the observed times, pressures, and temperature are pre-
sumed to have the correot vahms, or values determined from calibration curveatof instruments
used.

AT’ is the interval of time between two consecutive obsmvations and equals

QUANTITY
Time, observed.
Jlmrement of time, observed.
Pressure, observed.
Increment of presmre, observed.
Temperature, observed.
Speciiic might (computed from observed temperature and pressure).
~Meanspecific weight for altitude increment. .
Increment of altitude, absolute.
AItiiiude in standmd atmosphere for equal specific weight.
Increment of altitude, standard atmosphere.
Lmrement of time, standard atmosphere.

.

.
—

.—

-.
—

...—--

.

2?02– T%; T%– T+ To,– T%, etc.

In Eke manner Apo is Wual ti p.z –P.l, Po~–P%) PO.–Po@etc”) b~g consequ@@ n%ati~e
if observed pressures are decreasing.

gp is determined from the equation

..—

if metric units aie used, or from
E2E29P= ~+459 -. .—

9%+9P4, e~

2“

if the English system is employed,

gpm isequal

altitude, is determined from equation (7) or (14), it beingAZ,, the increment of absolute
assumed that the relation as expressed for the differentials hohls true for the finite increments
AZ and Apt and that the chwe ~ SpSC~Cweight from gp, ~ gp~,gpl to 9% et% iS rec~ear.
Consequently

AZa=
– 13.59A

‘“ for metric units,
gPrn

AZ.=
–70.67A

‘0 for English units.
9Pm

AZ. is thUSpositive for decreasing ValUCS“of P., since Ap fi such case is negative.
Z, is read directly from Figure 7 or -e 8, or is ~terpolated from Table ~ or Table

vII for the various values .of gp,

AZ.= Z.,-Z.,, Z%–Z%, etc.

—

-. —

ATSis deduced from ATOthrough the relation

AZ. AZa
A~O‘A~~’

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

ATs=ATo#
a

—

--

T, is the summation of AT..
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Table IV shows the reduction of data frbm am.actual flight test by the above mcthmi.
As may be noted, the altitude in the standard atmosphere at the start is not zero. This will
generally be the case, for ahthough 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 AT.O,must be included at the beginning of column AT,.

n

AT, is thus positive if Z,l is positive, and negative_if Z,l 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-tc-neglecti
all but the last of such observations, making the starting ,point at thmt observation ncwmst
to zero altitude standard atmosphere. Table IV has the time increment, AT.o, included at the
top of column for AT.. The final reduced data, altitude in standard atmosphere Z., and time
for standard atmosphere T,, are plotted in Figure 4. The reeulting rtite of ~climbcurve, detm-
mined by taking tangents of the altitude-time curve, .@ shown.

ma

28000

. 24000
h

&Kloo

~ ,m

$“
Y

Il?aJo

8000

4000
1 t I 1 I 1 1 I 1 l\ I

10 20 .32 40”50 60 m ~
o firne in Mutes - T

mom3004cn--5 m6oo
Rde of climb in ft. per h.

FIG,4.—DE 4B airplane. ROOKeuWrcharger. FM@ 18B standard atmwphere.
by Lengfey MemorIal Aezonaut!cal Laboratory Method

700 8iM

Re5uction of data

DISCUSSION

It may be noted that in the example given the pointsfor time altitude in the standnrd -
atmosphere do not all lie upon a smooth, fair curve, The dispersion fmm such a curre 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 reduchiou,
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 value, 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 climb in the encountered atmos-
phere of equal density.
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It does not generally seem possible to draw through tdl 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 me 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 m 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-seeond intervals by
means of photograph apparatus. The pressures and temperatures given in Table IV were
taken at 2J&minute intervals from the carefully plotted but irregular line drawn through all
observations.

TABLE IV

COMPUTATIONS FOB REDUCTION TO TEE STANDARD ATMOSPHERE
DH-4B ROOTS SUPERCHARGER

F&ht IS B, September 2i, 1923

n

I
I

I_

..——.
2.5
26
25
X6
Z6
26
2s
2.6
26
2.5
25
2.6
26
26
26

::
2.6
2.6
26
26
::

26
2.6
26
26
0.5

4!6
APO

.-.. -—
-2 M
–L28
—L 70
–L 47
-1. al
–L 26
–L 15
–L 10
–. 95
--.80
—.63
777
—.g
—.

~:

—.49
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~1.40!s an inkiel time fnmement eaual to the tbne rewired to dbnb from *O altitude fn the standard atmc@ere to the starting @.LL wblch
Is at 1,120kt.

PART III

THE CONVERSION OF AIR-SPEED INDICATOR READINGS INTO TRUE AIR SPEEDS ——

THE AIR-SPEED IATICATOR

By WALTER S. DIHHL

SUIWfiiARY

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

INTRODUCTION

In order that the methQd of converting atispcwd indicator readings into true airspeeds
may be fully understood, a brief explanation of the functioning of the instrument d be given.

b air-speed indicator consists essentially of two parts, the head and the indicator. The
head, when placed in a relatively mowing fluid, provides a differential pressure p,, which is
directly proportional to the density of the fluid p and to the square of relative velocity F.
That is, . ‘.

P= POLpi= KPP.-- ------- ------ ------ -------- -------- ------ ----. 1

—. -—
—
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For any given type ~d size of head, K is cogstfit over the.usual r~ge of flight velocities
and its value may readiIy be determined by simple t&s. When K is known, the value of
the differential pressure p maybe calculated for any d&ed values of V 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 difl’erentialpres-
sure when p ,ha.athe tied value 0.00237 (lb.-ft.~ec. units), known as the standard density.
If the instrument be properly constructed and graduated, the relative velocities or air speeds
will be correctly i@cated in air of standard density. When the air density differs from ‘the
standard value the readings will be indicated air spee@, 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 value used in the design of the gauge. The
relation betwem Vi and V is obviously

since p/K will be constant at any given reading.
owing to the effects of interference from the parts of the airplane SUI.TOUII@ the head, .

and to variations 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 ah. speed, Vi, itistherefore necm.wwy to
calibrate the installation over the entire range of speeds employed and thus obtain a curve
of true indicated air speed against sir+ipeed indicator reading. Note that we are using three
speeds, (1) the air-speed $dicator reading, V“, (2) the true indicated air speed, Vi, and (3)

1

the true air speed, V. The ground speed does not entei into readhgs of airspeed except in
calibration tests.

The curve of Vi againstV, 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
deri%g the calibration curve will first be explained.

AIR-SPEED INDICATOR CiMJBRATION

The calibration of an air-speed indicator is simply a determination of the true indicated air
speeda, Vi, ind corresponding air-speed indicator readings, Va, at a sticient number of pointe
to determine the curve of Vi agiinst V“. Si&M m is the speed tliat”shotid be kdicatid and V,
is the speed actuaIIy indicated, any method which will determine the value of Vi corresponding
to V. will be satisfactory. The usual method is to make timed runs with and against the wind
over a mexureii course. In this method the winchimst be approximately parallel to the course,
or of comparatively low velocity. The flights should be made at a low and uniform ahitude,
the pilot using a statoscope if necessary. The timing must be accurate, and onIy 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 ‘sire usutiy sufficient, a set being understood to consist of two runs at
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 intervaIs.

In all calibration tests the following data must be &en: (a) Length of course, barometric
pressure, air temperature; (b) altimeter reading, average air-sp~ed indicator reading for each
run, time Qver.the course for each run, and air temperature. Note thatnthe readings in group
(a) are as necessary m-the actual flight data in group (3). T&w data are reduced to a calibra-
tion curve, ilrst by @culaiing 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 horn the
average time over the course. The next step is to calculate the true indicated Fbirspeed, Vf;

—

that is, the air speed which would have been indicated had the instrument read correctly,
according to equation 2.

vi=v~o ------------------------------------------------------- 2
—

The valuas of Jp/POmaybe read directly from Figure 5 when the bwometrio pressure and air

..

temperature are known. The barometric pressure shouId be corrected for the flight altitude.
The observed air temperature is used.

.-

1.10

1.06

L02

J“
&
Po

0.98

.

U34

aM26 28 30 32
Afmosphemk pressure in inches - p

FIG. S.—Variation of
4“

Lwfthpand tforusein cdfbmtigaf r+lwdfndlcatm
P.

The plot of Vi against V. is ueually a straight Iine. Even in extieme CMXWtie c~at~e
is so slight that the calibration curve maybe extended considerably beyond the obsemed limits
without introducing appreciable error, except at very low speeds.

Table V dlustrates a convenient method of tabulating the calculations neoe&ry to derive
a calibration curve from test data.

REDUCTION OF AIRSPEED INDICATOR READINGS TO TRUE AIR SPEEDS

The reduction of air-speed indicator retigs. V’ to hue ~ sped 00nsists of ho stePs.
The true indicated air spee& Vi, corresponding to V. is firstread from the calibration curve.
Vi is then converted to the true airspeed by the use of equation 2. That is,

J
V=V* :------------------------------------------------------- za

94s-20?-14
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—

—
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—
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Stepsthe calcuhitione ~. given in Table V. The following
are takenintheordergiven: The testdata are put down in three columns, (1)altimeter reading,

Zl, (2) uverage air-speed meter reading, V., and (3) air temperature, t.
)

The value of ( “
,?’%

~ determinesp, sincecorresponding to Z! k then read from Figure 1 and placed in column 4.— ?%
pOis known, The. equivalent altitude in standard atrsmsphere,2s, corresponding to p and t, is

read from I?igure2. The value of
J

~ is read -fromFigure 6 and the value of vi cor.mponding

to T7,k read from the calibration curve. Y, the true Airspeed, is the product of T’iand F“, mld
is plotted against Z, to obtuin the variation of velocity with altitude.

TABLE V —

AIR-SPEED METER CALIBRATION

AlrPhrIe type:...-....-....-..--------------------------------No. .-.. -—._. . . . . . . . . . . Grosmfght: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HEW: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- Date: ..-. -.-——-..–. Pflot: .-... -... --.––--– . . . . . . . . . . . . . . . . .. .

{

Mflesperhour... _.. _.- . . . . . . . . . . . .
Weather: Wind velwity

DIrectlorK . . . . . . . . . ..- Bexometer: --.--—---- ‘L’emPeraturw . . . . . . . . . . .

Knots . . . . . . . . . . . . ..- . . . . ..-.. -------
Le-@h “OfWur-&-.’

r

rmdmfka . . . . . . . . . . . . . ----- .J.-

Air-npeedmet=axTYPO. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..— Nautical rnlles-------------

{

.Milesper hour. . . . . . . . . . . .
Resdlngs in

Knots.. _--_ -_–.–-... .- —..---..—--—-.-—--- .-. -,—. ., ---- T.. .—,

.- .-— L

--. —.— ..—

II1 2
!8 - ~.

I I 6 6 .7
]

8
—

I I

I t I 1 1 --”” —----
I

=E1-g’si“. ‘
,-.—--..---—------------------------—----.--------

.—..—
NoTE.— VI. #!g, V, 3W3L ~- v,+ T;

s.! 2
Plot V. (coI. 3) asairmt Vt (ml. 12) for oorreetloncurve.
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Fm. 7.—Altitud+pecKio weight. Stnndardatmwphem. Metrfc units FIG. S.–Mtimd=@E~ti~Jg~W8tm@d atmmphere.


