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RATE-OF-CLIMB RECORDER*

By Helmut Danielzig
SUMMARY

Investigations carried out with this rate-—of-climb
recorder nroved it to be a practical instrument for the
accurate recording of static-pressure differences. It
can be used for stationary and nonstationary measurements.
A heat-insulated glass flask of 4,000-cubic-centimeter
content has proved practical as compensating tank.

The chief advantage of the instrument lies in the de=
gree of accuracy obtainable with suitably flexible capsule
(dynamic pressure recorder with small test range) and in
its sensitivity for recording static-pressure changes.

In contrast to the measurements in which the vertical
speeds were determined from the readings of a recording
altimeter with a test range of 1,500 meters at the most,
the flight measurements can now be executed at any alti-
tude.

For all flight measurements, provision should be made
for o time lapse of ~ 25 seconds between the closing of
the compensating cock and the actual start of recording in
order to bring the flow in the compensating bottle and in
the lines to-a state of complete rest.

From the appended error calculation, it is seen that
no correction of the obtained data, as a result of the A
pressure change in the compensating vessel relative to sea-
level pressure at which it is calibrated, is necessary for
heights below 1,000 meters, where at a2 maximum outside
pressure change of as high as 125 millimeters WS, the error
is less than 1 percent.

*
"Steig- und Sinkgeschwindigkeitsschreiber." ILuftwissen,
vol. 4, no. 5, May 1937, pp. 153=157,
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I, INTRODUCTION

The flight performances of an airplane are worked up
from climbing and sinking speed measurements. For the de-~
termination of these speeds, three princival methods were
heretofore available:

a) The photographic method:
b) Rate-of-climb indicator reading;

c) Direct interpretation of the vertical
speed from the height record.

The question of omploying any one of the three meth-
ods must be decided according to the problem under con-
sideration. The first method is rarely used because of
its comparatively inferior accuracy and time~consuming
eveluation, If it concerns more comprehensive measure-
ments where, for example, several indicating airplane in-
struments are read or filmed, a ratc—of-climb indicator is
satisfactory. But, if the time element of some of the re- 1
cording quantities is involved, the rate—-of-climb indica-
tor is ruled out because of its fundamentally limited in-
ertia. )

, of the three methods, the last one remains as the
most ractical for fundamental investigations, since for
research purposes recording instruments are prominently
uscd and the course of the vertical speed can, moreover,
be obscrved for longer veriods. Aside from that, the lag
of the recording altimeter (so far as optical recording
afforded with the Askania guadruvnle recorder or the DVL
dual recorder is employed) is practically nonexistent, be-
cause in these instruments the mechanical friction is re-
duced to an almost irreducible minimum, and the static
casing ns lag-promoting space, is kept as small as possi-
ble. But even this type of speed of. climb and descent
evaluation is, afflicted wifth wverious sources of error.

One chief source of error lies in the type of test method;
the vertical speed of the airplane relative to the ground
is measured, whereas what is desired is simply the speed .
relative to the surrounding air. The ensuing error can

be kept small by confining the flight tests to calm weath-
er. Another source of error follows from the inaccuracy -
of record interpretation., The recording altimeter custom-
arily used in guch flight tests, has a range of approxi-
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matoly 1,500 meters, with o 90-millimeter recording height.
The recording periods range from 10 to 15 seconds. Assun=-
ing o speed of climb of 3 meters per second, the height of
the record in the calibration curve which corresponds to
the speced of climb for a 1l0-second interval, amounts to:

It igs readily seen that this low height of recording
can cause very serious errors in the interpretation. If,
for reasons of safety, as in spinning investigations, for
example, the height is substantially increased, the inter-
pretation is altogether impossible unless the records are
photographically enlarged.

Hereinafter follows the descrivtion of an instrumen-
tal arrangement which enables the reduction of the de-
scribed interpretation error to a minimum through arbi-
trary transmission of the height record.

II. DESCRIPTION AND HOOX-UP OF INSTRUMENT

The instrument (fig. 1) comprises an optical DVL dual
recorder which (aside from the height cavsule) is fitted
with a differential pressure capsule instead of the usual
dynamic nressure capsule. The choscn test range of t125
millimeters WS, appears to mcet the pressure differences
encounter in service. 4 4,000 cubic centimeter compen-
satir” fitted on the capsule side of the recorder.
The ¢ casing of the instruments joins the static lead
of tue itot tube in the wmsual manner. A compensating
cock nits connection at any time of the compensating
flask with the vtatic circuit to assure pressure balance.
At start of recording the compensating cock is closed,
tranping & certain amount of air in the pressure capsule
and in the compensating flask. As the airplane climbs or
descends, the outside pressure changes relatively to the
practically constant pressure in thc compensating flask.,
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The pressure is recorded by the pressure-difference
recorder and constitutes a criterion for the obtained ver-
tical specds. TFor the previcusly cited capsule with o 327
millinmeters tcst range (corresnonding reading, *45 milli-
meters), a 3-meter-pcr-second vertical speed and a lO-sec-
ond recording vcriod corrcsponds to a reading of
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With a correspondingly more flexible capsule, still higher
readings are obtainable without difficulty, although the
capsule described above has proved very reliable for the
usual polar measurements, according to the tests.

Between the closing of the compensating cock and the
start of the actual measurcement, an interval of ~ 30 sec-
onds should elapse to permit the air in the compensating
bottle and in the pipes to become perfectly still. During
this interval, level flight should be maintained to avoid
foss ‘0f Reight rTecording:

Cbgservance of the pressure ig insured through a lig-
uid manometer hooked up, parallel with the pressure cap-
st 1ete ot avoid® iowe ris tros ing in the capsule diaphragm,
the liquid manometer is fitted with electric contacts
which, on excecding a certain pressure, are bridged over
by the water column made conductive by a slight addition
of acid and flash a pilo lig%t Then the compensatll
cock must be opened immediately (fig. 2).

The compensating flask is a thermos bottle of 4,000-
cubic-centimeter content, packed in thick sponge rubber,
The ingtrument is calibrated after its installation in the
airplnne. Hrom' the |calfculaition which folilows @it iIisfsieen
that the indicating lerrors caused by calibration at sea-
level pressure, are relatively insignificant and negligi-
bly small up to 1,000 meters altitude.

As %o the calibration'dtself, it should be borme in
mind that the compensating cock snould be opened after each
test point in order to nrevent a gradual minor temperature
change and consequently, erroneous pressure in the compen-
sating flask as a result of volume change in the metering

box during calibration and with it an adiabatic change of
state. In fact, the calibration with permanently closed
compensating cock is accompanied by a slight shift of the
neutral line.

For these reasons it is advised not to have the com-
pensating volume less than 4,000 cubic centimeters,
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III. RESULTS OF MEASUREMENTS

The described instrument was mounted in an Albatros
L 75 and tested in a scries of full-throttle and power=off
flights, In conjunction with it, an optical DVL dual ro-
corder for altitude and dynamic precssurc was used for con-
parison. The sinking specds were ovaluated with the new

nstrument ond for the same dynamic pressures also, accord-
ing to the conventional method throuﬁh differentiation of
tle heteht records »AlL records weore syn nchronized by means
of time marks with a Wetgzer contacb clock.

The starting of the cntire set-up using 6 V was ac-
complished with a master switch from the observer's seat.
The evaluation of the vertical speed w, according

to the record of the new instrument, follows: If Apa

denotes the obtained air-pressure difference, YL the
mean air density, and At the recording period in seconds,
the relation y

P,
%‘ (m/s) (1)

A
>f B

WIV
(bp, in mm Ws)
against the vertical specd from the altitude reading:

A
- EE e e) (2)

(Apa in mm Hg)

The validity of both relations rests on the assumption
an

o2

that does not change throughout the recording period
(~ 12 seconds). Obviously, this assumption in nowise stip=
ulates a rectilincar course of the record itself, because
its characteristic is largely dcpendent upon the form of
the calibration curve (fig. 12)s The smaller the compen-
sating flask, the flatter the curve will be, because dur-
ing the calibration the deflccted capsule volume causes

an appreciable pressure rise in the comncruuting flask.

To illustrate: For a l-liter thermos tle as compensat-
ing flask, the pressure rise - with the pressure—differ-
ence capsule used in these tests - would already amount to
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l.8 mm Hg=24.4 mm WS for an outside pressure change of 10
mm Hg, according to figure 6. This, however, means that
part of the increased evaluation accuracy achieved with

the new instrument would be lost again through the then
much flatter calibration curve. The check on the constancy

o,

»
of Tgﬁ follows from the dynamic pressure record; ieee,
a I

the dynamic pressure must manifest no change during the
recording period. If this is not the case, the differen-

’ : ! 12 oy .
tial quotient substitutes for EEQ at he partieullar Dointi

igure 3 shows various records of speed of climb and
descent with the Albatros L 75, along with the vertical
specds obtained by the otLor tvo methods for comparisons
From the outer boundary curve one can see that the width
of the error band representing the rate of climb and de-
scent i1s nuch greater when evaluated according to equation

(2) than with the new method (equation (1)).

=

Figsure 4 shows the record of the rate-of-climbd record-
er together with the corresponding record of the altitude
recorder at cqual dynamic pressures.

The instrument| is algo practical for recording non=
stationary flight movements. But in order to assure sate-
sfactory results, the slow liquid column must be replaced
by some indicating member which is not responsive to accel-
erations, so as to provide adequate protection against
overpressures in the recording capsule. In the final ver-
sion (fig. 2a) this overpressure safeguard is in the form
of a statically cased-in pressure-difference capsule which,
by means of conta CUQ cloces an eleetric circuilt and
ignal ght as soon as the test range of the re-
ssure calsulc in‘the obptical dual recorder is

e

Figure 5 shows the static pressure for a disturbance
in airplane equilibrium 1nduced by a pull and subsequent
release of the elevator (longitudinal oscillation). In
contrast to the flat oscillation wxlch corresponds to the
same motion of the airplane as record of the altitude re-
corder, it is possible to discern fine altitude fluctua
tions on the curve of the new instrument and even to ef-
fect a2 differentiation of the curve.

Some supplementary tests were made in the elevator of
the Berlin radio tower, using a pressure-difference capsule

&N
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as ordinarily employed for dynamic pressure measurements.
The tost ranze amounted to 250 millimeters WS (fig. 1b).
Since the elevator speed varied within wide limits, the
check on the measuring accuracy was confined to an evalua=
tion of the height. The nominal height of 120.8 meters

was ascertained from the instrument reading to within £0.8-
meter accuracy, or an error of much less than 1 percent.

IV. CALCULATION OF ERROR

Notation (fig. 1)

p;, Dressure in compensating flask (mm Hg)
p,, atmospheric pressure (mm Hg)
Ap,, atmospheric pressure change (positive
in climb, negative in glide) (nm Hg)
Py, Dressure change in compensating bottle
(positive in climb, negative in glide) (mm Hg)
V;, volume of compensating bottle (cm3)
AV;, change in volume due to deflection of
capsule (em3)
& factor of capsule (em®/mm Hg)
AApi‘ corrective tcrm (mm WS)

If the trapped air is left to itself for at least
25 seconds, an isothermic change of state may be assumed,
because after that, temperature changes from without or
through changes in volume, are practically absent.

With the above notation, we have:

. 5 - A 1 . 1
vy Wy (pi Api) (Ji ¥ Avl) (1)

hence

b (2)
bp. = p. <1 S e
it i vy + AV,

as change of pregsure in the compensating bottle, when the
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conpensating cock is ¢losed and th
unme and manomneter level is caused
volune of: LAVy.

Asgsuning that the pressure ch
proportion to the change in volune
on the capsule and manometer is
write

AV:',_:

with a to be defined by test. T
thig ig te £ill the  capsule with s
the capsule with the highest occur
ence. The overflowing alcohol whi
calibrated rising tube connected t
after division by the pressure dif
coefficient a. Written in eguati

(Apg = dapgth,

andum No. 849

¢ change in capsule vol-
by a change in total

ange increases in direct
and that the pressure
we can

a (Bpg ~ Opj)

he sinmplest way to do
a3y alcochol, and Togd
ring pressure differ-
ch can be measured in a
o the capsule gives,
ference, the capsule

on (2), we have:

T T [1_- £ | () ‘
Sl sl V; + a (Apa - Api)J
which, solved according to Ap;, gives y
A Do ik Vi * 2 (Bpg + pi) +
“1 2a

A// <Vi + a (Apa + pi)>2

=

This equation (4), the minus sign
can be simplified by applying the

- Ap P, (4)

a -1

being applicable herein,
approximate equation

in equation

J1 s 212 85 (s
Denoting the summand Vi + a
(4) with b, gives:
k - ATREE Y
A pyl= b N/o A
Ap, Py
THen, simce ~——z—= & 1, We can

approximate
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5, Ty
= & + 2=
A Py b b 5%
A p, = éEa_E;
X 2b
which, after insertion of b, 1leaves:
a Bpg Dj
For this formula, figure 6 gives for a = 0,27
em®/mn Hg, vy = 760 mm Hg, Apg, = 10 mm Hg, the course
of Api = £(V;). For the experimental instrument and ita

4,000-cubic-centimeter compensating volume, it means a
maximum calibratable error of 0.49 mm Hg = 7 mm WS. It is
not advigable to use less than a 4,000-cubic-centimeter
volume, or the calibration curve will become too flat.

For the same reason, a should be kept as small as possi-
ble - iecs, the deflected capsule volume also should be
kept suitably low.

Forming the total differential of equation (5)

aa O iy (6)
s = S " F N0 I
o Bl B TV Pa 3ap,

the effeets of the error can be appraised.

The second summand comprising the change in inside
pressure with the outside pressure cancels, since this
share of the error is already incorporated in the cali-
bration curve.

3AD .

Inserting the value for ~§5% from equation (5),
=T

gives: for equation ¥6),
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Since the function Api = f(pi) represents an unusu-

1 OJAp;
ally flat hyperbole, ——— ——L can be looked upon as be=
Ap, 9Dj :
ing constant within the limits of the flight measurements
concerned (0 to 4,000 meters).

For the experimental instrument the value amounts to

i (SaA -
Fo- 7;3i % 6.2 x 10~°
b, Py

Thig makes the corrective term, which must be sub-
racted “from Apa oif the ecaldibration eurve, "aftergdding

finite quantities in| equation (7):

S 2 ~5 '
bpps = (py = »p) Ap; 6.2 x 1077 (mm ws) (8)
Herein p; = ground pressure of calibration (mm Hg),
5 S PTessure gt altitude off Efhiht, and Apa = omtiside
ressure change (in mm WS) obtained from the calibration

That AAPi can be neglected for the conditions en-

countered in flight operation, is seen from a numerical
exampnle.

At 1,000 meters flying altitude, (p, = py) 1is

2}
4

~100 mn Hg. The maxinum votentinl Ap._ is 125 mm TS,

which leavesg:

TE0 il BB 62 o TOT

Il

BpPy

+0.,77 mm WS

to be subtracted from Ap_.

But if flight measurements are made at greater heights,

a correction with respect to equation (8) is absolutely
necessarye.

Translation by J. Vanier,
National Advisory Committee
flol eronauticss
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Figure 3.- Determination of rate of
climb and descent for ths
Albatros L75,
(1) Error band as interpreted from
altigraph record,
(2) Error band as interpreted from
rate of climb recorder.
Ao | u
|
o \
| | b ‘
et 15— B [
o ; T ey
| | | ] | |

w W N N W X 0 X W W N WS W

Figure la.~ Calibration curve from & calibration
on the ground.

7 | [
Vg
. d/)l-//{} 2
fralp 4y *0/4 *4/32
s 4 -
% 6 cm’ 3
N a=427
3 * g
E P =70 mmhlg
O ¥
P N =10 mmhy
2
) \
X
N \_\\

44 494 12 16 20 24 29 32 36 40 o 4
Compens ating volume,

Figure 6.~ Pressure change against magnitude of
compensating volume,

A




N.A.C.A., Technical Memorendum No. 849 Figs. 1bv,2,2a,4,5

, [ )1 | w [1 }1'1]!1.}!1Hl
| i H b B i} i
| ]
SHHHARMAGH A INANGRIGT
N T Wi MREE S T~
(NN [T
i ’\~—a/’/; ! ! Nz i Al |!T\\}\i{
i T T T
it il
P | | |
lll i ill JULLL ull !
%Zifﬁi - Figure 5.- Record of longitudinal
Biohas oscillation of airplane
e i — due to disturbance caused Dy
#ing cock = |« 8 elevator.

(1) Record of recording altimeter.
(2) Record of rate of climb
recorder,

Figure 2.~ Control
panel

for operating rate

of climb recorder

! Figure 2a.~ Final version of instrument
Static pressure from with overpressure safeguard

werey, vuse (cased-in pressure difference capsule).
7o pressure d/ ffErence recorder
To compeénsating Flo

1 1111 J *T‘T““j 1 {

Figure 1b.- Pressure recor the elevator o

Berlin radio tower going up to 120.8 m (396.3 ft.)
—

';jv; , H ; I ‘: KLP/’i ¢’¢/'
i ! | Jl v /// /(

i 248 | | :: A i /' ~

i LA ‘ T

| At |

HTHT L :

LT

|

|

! 'l:# | | 1
| t \\\L Il ’ N "N
] | | \N 1] ‘ \’\\ \*\L

o
o
s ]

£
y

|

8 1
Figure 4, - Record of rate of climb recorder compared to
that of recording altimeter for equal dynamic pressure.




