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FOREWORD

This is the first of a new series of ICAO publications,
The ICAO Circulars will treat of many different subjects, but
they will have the common purpose of distributiong information
bearing upon the progress of ICAQ's work more widely than would
be possible for the ordinary series of documents.

The present Circular is a republication of a national
study on a matter that has already bLeen the subject of one
special ICAQO meeting and that will have to be further discussed
in future meetings - the effect of temperature upon the perform-
ance of aircraft and upon their allowable operating weights.
Puture circulars will compare and enalyze national practices in
the administration of the various phases of service to air navi-
gation and its regulation. Others will report the degree of
implementation by the nations of the world of ICAO's Standards
and other recommendations resulting from ICAO meetinres,

A great work has been initiated in the past three years
through this Organization. The nrogress that has been made,
and that will be made in coming months, is of interest far beyond
the limits of the Governments! aeronautical services. The
records of progress concern the whole aircraft-operating world;
they deserve a wider distribution than they have hadj; and the
series of ICAO Circulars, of which this is No. 1, are designed
to make it possible for them to receive it.

Edward Warner
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JoZE

The report reproduced In this Clrcylar was firgt lssued
by the Civil Aeronautics Administration of the United States
of Amerlica, as Flight Englneering Report No. 12, entitled
"The effect of air temperature upon the rate of climb of an
aeroplane equipped with a constant speed propeller". (Conse-
quent upon recommendations made by the Airworthiness Division,
the report was submitted to JCAO for publication, has been
translated by the Sec¢retariat into French and Spanish and is
gein§ gublished as an ICAO Circular in English, French and

panish. ‘
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INTRODUCTION

‘This report covers the derivation of equations by means of
which to calculate the effect of air temperature upon the rate
of climb, applies the equations to a typical airplane, and
discusses the significance of the results of this application.

. The derivation is based upon the fundamental equation for
rate of climb; the generally accepted relationship between the
brake horsepower output of an engine and the temperatures of the.
air involved in the carbureting, cooling and supercharging pro-
cessesj; and upon a rational treatment of the effect of outside
air temperature upon propeller aerodynamic characteristics. No
new experimental data are contained in this report.

The equatirns are believed useful for the purpose of cal-
culating the effect of temperature upon a rate of climb de-
termined by testing at a given temperature and require for their
application the establishment of certain engine char-cteristics
normally available in the standard engine power output and certain
propeller characteristics. ’
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General

DERIVATION

The rate of climb of an airplane in feet per minute may be
expressed by means of the following equations:

where:

Now:

where:

and:

where:

C

THP,
THPy
THP,

BHP

THPy,

< + -p

33&000 (THP; - THPL) - - - -

Airplane weight in pounds
thrust horsepower available
thrust horsepower required

BHPn .

brake horsepower output of engine(s)

propulsive efficiency

rv3 , _ ow?
1100  550mp ebeV

Mass density of air in slugs/cu.ft.

Airplane parasite area in sq. ft.

Airplane airspeed (true) in ft./sec.

Airplane efficlency factor _

Airplane wing span in feet

12

uAECDi
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The above equations indicate that, in order to establish
the effect of air temperature upoh the rate of climb, it is ne-
cessary to consider the effect upon the terms involved in
equations (2) and (3); vigs BHP, 7, _fy3, and 2?2 i SEPETE-
116 550np by

tely. This is done immedietely hercunder.

Brake Horsepower — BHP

. The experimental data available indicate there are at least
two separate effects of alr temperature upon the power output of
an engine bperating at & given manifold pressuyre, rpw, and mixture
strength., Qne of these manlfests itself in .a reduction of power
with increase in the tempereture of the air entering the carbureter
The magnitude of the effecb is Qrdinarily expressed by means of the
following relationy ‘

BHP = BHFg;‘\/g’g).
wheres
| Td = the absolute temperature of the ecarbuyretor

air wader the conditions progucing BHP, (ie:

ithis the tempﬁxature Qn degrees F@hxenheit
plus 459.4) |

Tfe\the,ebsolute temperature of the egarburetor
calr under the conditions producing BHP.

The second . such effect 1s an observed reductiog in power
with increase in the temperature of the air entering the cooling
process for an gir cooled engine. “Although not so well supported
by the experimental evidence as in the case of carburetor air,
the magnitude of this effect is ordinarily expressed:.

Pz BHPO‘ /%_Q

. To and T = the absolute temperature of the cooling air
but are otherw1se as defined above.‘

where:

The primary effect of temperature upon the brake horsepower

LS then:
BHP = BHPOV—- \/—) e e e e e e = (W)
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Propulsive Efficiency =1

If propulsive efficiency, 1 , be plotted as contours upon
the standard power coefficient versus advance ratio chart

(Cp vs. ¥_ @B ), the resulting diagram (see Fig. 1 for example,
ND
which has been prepared from the.data of Ref. (C) will indicate,
in the region representative of climbing conditions (ie: compa-
ratively high values of Cp and low values of V_), that, at a
ND
constant value of V_, an increase of Cp is accompanied by a
ND ‘

decrease in efficiency and also that at a constant value of Cps
an increase in V_ is accompanied by an increase in efficiency.

ND
This situation may be summarized by the following equations:

an = A
de V_ = a constant

7> S (5)
an = B

dV
Fﬂ?cp = a constant

It it can be shown that the values of A and B, so defined,
remain reasonably constant over the ranges of Cp and V_ respect-
ND
ively resulting from any temperature change which must be dealt
with and also the value of A is substantially independent of any
value of V_ and that of B susbtantially independent of any value

c3

of C, either of which must be considered, then the rate at which

efficiency changes with both Cp and V_ is substantially:
D

+BaL - - - - oo o [ (6)

dn = AdC
n: §D

P

In order to indicate the nature, magnitude and variation of
the values of A and B with Cp and V_, Figures 2 and 3 have been
ND
prepared from the data of Figure 1. These data indicate the
assumption of appropriate constant values of A and B to be a
reasonably close approximation to the actual variation of 7.
(This is further discussed below.)
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Now:

Cp =

p —;B%-]-J-g
ands

v_= 88V

ND Np
Also:

Pt
where:

P =z atmospheric pressure

T = absolute air temperature
ie:

£ =To

Po T

At a constant indicated airspeed:

v_ - Po_ =Vﬁi_
Vo P To

Now D is a constant for a given airplane and with a constant speed
propeller, N is also constant., The effect of temperature upon P
has been separately considered above. Since P = BHP, the effect
of temperature upon Cp and V_ 1s therefore as follows:

ND

Cp — BHP xfo_=T\Fo>\/§g
C BHP, P TNT 4VT

and;
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orT;
Assuming T, T _ To, which appears likely always
ST T T to be nearly true:
c
€, =C Lﬁsﬁg;c
and
L =) (L
ND ND To
alsos
N
ac,, -_.Od(go)_o
b= = — = (7)
and:

ax5 = 2 T

v

X BAREY
V_ =ND/o 4({I)\=1ND/o [ o 4T
T \T 2 T -

Substituting these values of dC, and gV into equation (6), the
rate of change of propulsive efficiency with absolute temperature

ratio is obtained as follows:

and efficiency as a function of the absolute temperature ratio
may be obtained by integration thuss:

\']
T 7
2 T, o

— V¥ I
= BND)O \/ T, *"k

k = a constant

where:
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When:
L =1.000,M =no
To
Therefore:
o= BJL) +k
Y ND/,
ie:

Thrust Horsepower Reguired

= 3, oW
11060 ¥ 556 epev

It has beeh shown above that:

P=Po§9

and, at constant indicated airspeed, that:

VeV, [T
=To\/f

Subétituting these values into the expression for thrust horse-
power required (equation (3))-

THFP PO 3(T )3 W2
v = "’T’O’G"’Q_"'??onpo p %F—;

eb vy

3
= fbfvo\/i;‘+ 2W2> . V[T
1100 ¥To * 550mpyeb2v, V T,
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ie:  THP, THPp, \/TT-:" ------------- (9)
‘ o

However, when THPp , C = Co, BHP = BHPg, and 7] = 7)o. Substituting
these valués into equation (1) an¢ solving for THPpr, gives:

=

e
Ao
o

THPp = BHP7) o = W
33,000

and, therefore from equation (9):

cw
" THP, = BHP, 7] T _ % T .
T °" °ViT; = 13,000 VT, (10)

Rate of Climb = C

All of tiwe elements involved in the basic climb equation (1)
have been related to temperature by eguations (%), (8), and (10).
when these are substituted into equation (1) the following results:

= T T ‘
o= 2y oo [B) ), revo ) UE - )
- (e, o/ - 3_2.__.;’7‘{’)“00 \/?‘ﬂ

_ 33,000 | BHP, 7] o‘/?g) \/fg
W T /T »

oum ) - )L/
75/ o W, T VT ¢

- BHP.Y| o\/’%'; + oW 'g__]
o)

339000 To
v
_33,000BHP, 7 ,(\/T‘o) \/’T’O) \/T B D,
= " VT /e VT /e VIl T 70
| c
(\/?‘; - 1) ﬁg)c @92 + 33,ooggﬂpon o\/%
G VELVE) e o] o
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DISCUSSION

General

Equation (11) is strictly applicable to the rate of climb
for an airplane equipped with an air-cooled engine and a constant
speed propellcr when operated at a constant indicated airspeed
and under such powerplant operating conditions as to make possible
the maintenance of constant manifold pressure and engine rpm and
also when and only when the ratio of initial and final values of
outside, carburetor, and cooling air temperatures (absolute) are
identical and the rate of change of propulsive efficiency with
advance ratio at constant power coefficient is constant over the
range of advance ratio produced by any temperature change for
which it is desired to apply the equation.

It cannot be opplled in the case of an alrplane not equipped
with a constant speed propeller.

The remainder of the limitations upon the general applicabilit
of equation (11) are discussed below where certain modifications
are derived or sugrested in order to obviate these limitations or
to simplify the equation to improve its practicability.

Operation at a Fixed Throttle Setting

For an unsupercharged engine operating at a fixed throttle
setting the manifold pressure 1s substantially independent of
Carburetor air temperature. The limitation stated above, that
the manifold pressure remain constant, is met and equation (11) is
applicable,

For a supercharged engine at fixed throttle, however, the
effect of carburetor air temperature is such that an Iincrease in
temperature is accompanied by a reduction in manifold pressure.
Page 31 of Reference a) indicates the nature of the relation, of
the ratio of supercharger outlet to inlet pressure to the tempera-
ture of the carburetor air. The outlet pressure is substantially
the manifold pressure and the inlet pressure, the atmospheric
pressure. The slope of the lines appearing in the referenced dia-
gram may therefore bhe taken to be the rate of change with respect
to carburetor air temvmerature of the ratio of manifold to atmos-
pheric pressures. 1ie: A

slops = d<MB@)
dT.

The diagram indicates that this slope is a function of both the
pressure ratio and t,. Values of this slope hiave teen read at
values of t¢ = 09, 509, and 10COF and at the uorrespondlng values
of the pressure rdtlu and appear in Figure “ as:
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d(MP/E)VS ME/p @ Te
aT.

If the magnitude of the changes in the temperature and the re-
sultant changes in the pressure ratio which must be dealt with
be assumed small enough that the :%ove rate remains sensibly
constant when the temperature chan, =z, then:

d(l_ilz/g)-; a constant - E

GMP = PEATy = - = = = = = = = = = = = = = (12)

The above descrived (nange in manifold pressure is of course
accompanied by - corresponding change in the brake horsepower out-
put of the ern;gine, The standsard sea level power chart of BHP vs.
MP @ N indicates that the rate at vhich this change in power takes
place 1s, at constant engine rpm, a constent vhich may be read
directly from the chart and the oititude chart assumes this rate

>

& cornstant; le:

s8]

dBHE = a constant = F
M

|

jo
¢

or:
dBHP = Fraip

Substituting this value of dMP into equation (1l2) gives:
GBHP = DPBEFAT,

Integrating:

BUP = pBFT 4 k) - = = = = = = = = = = = « (13)

When T, = Tco, BHP = BHP,, and,
BHPy = pEFT k
o = Pafle + X3

or:

k) = BHP, - PEFT;_

Substituting this value cf kj into equation (13) gives:
BHP = pEFTC4~BHPO - PEFT,
o

BHP, + pEF(T-Ty)¢
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and combining this with equation (%) previously derived, the
total effect of temperature upon BHP becomes, for the case under

consideration:
BHP = [BHPO pEF(T-—TO)c] /'}’_g) \/f?_—g) - = - - (ka)
T /eVT /v

p = atmospheric pressure in inches of mercury.

where:

E =,(5M9§ which may be read from Figure 4
dT, at the initial values of MP, p, Tg.

F = dBQP) which may be read from the
dMP N = constant engipe'pgwer chart for
the initial

values of M.,P. and N.

If equation (4a) be substituted for equation (4) in the deve-
lopment of equation (11), the following results:

C = Co\/- 33, OOOBHPOno\/" \/_ J'.Tfr‘ \/_
W

" 2 \/Tf> G oy
N o T,/ |1 Eap o = Tler= s
(TO—T)C ———————————————— (lla)

Liquid Cooled Engine Installation

The temperature of the air entering the cooling process in a
liquid cooled engine affects the power output of the engine only
in so far as it affects the temperature of the coolant. The temper-
ature of the coolant is, however, usually thermostatically con-
trolled and remains substantially constant once the engine is
warmed up and operating equilibrium established. Under such con-
ditions the power output would be independent of cooling air temper:
ature and the term in equation (%) to account for this temperature
must be eliminated, leaving:
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BHP = BHP, /gg) --------------- (4Db)
C

This term must also be eliminated from the derivation of equations
(7) and (8), ie: (see page 4)

Cp =pHP 4 fo = __\/:q)
BHF, P ToVT /¢

bo

(@]
o

l

88

or, making the same assumptions concerning T and 1_) :

TO TO C
= Cpo, /T
Cp = Cp \/To

and equation (7) becomes:

acp = CPo_ 4 I__=__Cpoﬁe ¢ (L)
P (TO) 2 VT Ty

To
¥ r- - - =(7v)
v = NDg /To T
a5 = TV 9(F) )
Then:
c B—v-)
— &po+ BRp QJ_E d(E__)
2 T “\T,
and equation (8):
= ACp 4 v T -1)- - - - - (8h)
n 7lo+[ O+BN_ﬁ)<;I( T ) |

Finally, equation (1l) becomes:

¢ = Co \/f_+33,OOOBHPonQ\/?9_)
To W T 7¢

1- \/- \/— ACpo+ 1\\111)) (1- \/%-E) ---(11b,
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Propeller Characteristics

In order to indicate a region on Figures 2 and 3 appropriate
to climbing flight a2 point uas been located on each of the figures
to represent for each of the 35 airplanes of Table I the values
of CP, V and? corresponding with climb at sea levet at METO

ND -

power at best rate of climb speed. Some of these airplanes are
equipped with two blade propellers and in such cases the value of

Cp used in these figures is the actual value divided by 0.70 to
make it correspond with the three blade characteristics of the

figures. It may be noted that all these points lie within the
following limits.

n= 660 to .785
P= 030 to .110

V. = .400 to .800
ND ‘

Appropriate lines bounding the area contained within these
limits have been drawn on Figures 1 and 2. The corners of this
boundary have then been relocated to correspond with departures
of outside air temperature from initial conditions such that

[T = 1.10 and.,JE: — +90. These would represent temperatures of
To To ‘

167°F and ~399°F at sea level or 125°F and -68°F at an altitude of
10,000 feet respectively when T, is assumed to be the standard
temperature and are probably in excess of any temperature variation
likely to be encountered. The variation of the slopes,

A =dn and B= dn_  within the original area is representative
dCp SCL |

ND

of that likely to be due to differences among types of airplanes
while the variation between boundaries of the two extreme areas
is representative of that due to the extremes of temperature
variation likely to be encountered., These variations lie within
the following limits:

Slope Airplane to Airplane Temperature to Temperature
A-=47n = - 1.39 to =-2.85 +30% to -30%
de
B = Qﬂv_ - +0.50 to+1.20 | +17% to -17%
Qo

=
(v
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These limits indicate that in order to establish values of
A and B with very much precision, it is necessary to use Figures 2
and 3 or their equivalent and in any event, this may as well be
done since Cpy and V_ must be known in order to apply any of the
ND o

three alternative forms of equatici (11) and these values locate
an appropriate point on the figures .t which the corresponding
values of A and B may be determined,

The extent to which the characteristics of the 6101 blade
three blade propeller is representative of those of any constant
speed propeller likely to be encountered is a question upon which
it is very difficult to shed much light. It appears desirable,
however, to use the characteristics of the actual propeller if
these are available particularly if great accuracy is necessary Or
desirable,

Carburetor, Cooling, and Qﬁtside Air Temperature

The temperature of the air entering the carburetor is ordi-
narily above that of the outside air due either to the heat
absorbed from the engine or to a certain amount of compression in
the intake process, It may also be higher due to the deliberate
application of heat to prevent the formation of ice in the intake
system. In most of the caseswith which the Civil Aeronautics
Administration has had experience the carburetor air temperature
is of the order of O°F to 159F above outside air temperature when
the heater control is "Full Cold". Also when full heat is applied
the carburetor air temperature rarely exceeds the outside air
temperature by more than 1209F, and this heat rise tends to de-
crease with increasing outside air temperature., Under most oper-
ating eonditions the heater is not used,

For conventional installation of an air cooled engine, the
temperature of the air entering the cooling process is substantially
that of the outside air. For engines buried deeply inside the
airplane structure it appears possible that the temperature of the
cooling air might be elevated by compression in the intake duct,

Possible Simplifications

The only simplification of the various alternative forms of
equation (11) which appears warranted under any likely circumstances
is that made possible by the assumption already made in the deri-
vation of equation (7) above; viz:

T = 1) To)s
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Upon this basis, equations (11l), (1lla) and (11b)} become:
C = co\/i_+33,ooozaapcmo Ty
To W T

3 B
1-(1)2 - Mo (1-\ L)) - - - - -
Ty 7o To :
= Cy [/T_, 33,000BHPoN s Lo
0\/T_o+_f 3 i Q10 _T__
1-(I 3 B-I‘?‘ﬁ)p 1 T 1+ DE
"(T_)z 0 (- To) +BHP (To-T)
0 7
DEF I Y
BHPO (To T) (llal
¢ = Co \/— +33,002BHP07L0 \/"
1
1- I - ACpo4¥Bﬁ%)o (1- I_)‘ - - = = (11by)
To No ' To
EXAMPLE

In order to illustrate the application of the equation as
well as the effect of outside air temperature upon the rate of
2limb, the variation of two typical rates of climb for the Douglas
DG3-81C3G airplane at two altitudes will be calculated over the
range of outside air temperature likely to be encountered.

For this purpose the airplane will be assumed to operate at
a weight of 25,200# and METO power on the operating engine(s).
The best rates of climb with both engines operating and with one
engine inoperative and its propeller feathered with, in each case,
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the airplane in the "clean" configuration (ie: wing flaps and
danding gear fully retracted), each at sea level and at 10,000
feet are selected for the purpose. Under standard atmospheric
conditions these rates of climb are as follows:

Configuration Sea Level 10,000
Both Engines ayn 690
One Engine 295 _ 109

_ - The engine actually installed in this airplane is an air
cooled engine and at sea-level will be assumed to operate at
constant manifold pressure while at 10,000 feet altitude the oper-~
ation will be assumed to be at fixed (full) throttle. The sea level
variation of rate of climb will also be calculated assuming a liquid
“cooled engine 2% ronstant manifold pressure to illustrate that case.
The propeller :ear ratio is 1639 and the propeller diameter 11'-6%.

The values of the terms in the various forms of equation (11')
which will be used for the purpose and the calculations are as
.follows:s

.Sea Level
To = 518.4°F (59° 459.4°)
P = 29.92 "Hg.
BHPy = 1050 per engine
MP = manifold pressure = 41.5" Hg.

dMp
E=_pb = ~.00058 (see Fig.h)
dT.
F — dBHP — + 29.0 BHP/"Hg. (see Ref.b)
dMP
Both Engines One Engine
Ve 130 MPH 110 MPH
'
ND o Ao— 069)+ L 587
Cpo —_— 0089 0089
No = .760 .685
A=4dn - =1.90 ' ~2.60
dCp -
an,
B= dV_= +.650 +.650

=
w
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For the air-cooled engine actually installed, cguatiom 11! épplies

as follows:

-20 0 +20 + 40 +60 +80 +100 +120 .
T 4396l 45964 4794 499.4  519.4 5394 559.4 5794
To 1.181  1.130 1.022 1.040 1.000 .92 .8 .8%
T
\E:_'_ ‘20 %0 91 980 1.000 1.020 1.039  1.057
(ﬁ)i .7@ 0832 08% 0942 l.O(X) 10%0 10119 l-l&
7 )2
O
33’0035“"0710;9. 2,476 2,362 2,260 2,17, 2,088 2,012 1,940 1,8R
£ Y
TD
g’ ‘ °(1.. \/_T__ ) +.0475 +.08356 +.0231 +.0119 0 -.0119 —.0231 0338
o 1oV
B ‘
0 AC | +426 4313 4205 +12 0 -98 186 @ -27¢
Coffi- | + 865 +8B +903 +1 -0 -9%8 -9 -9
(o]
C |+1,291 +1,196 +1,108 +1,043 +9%40 +80 +7%0  +7U
!33’0033}’1’0"0%2 1,238 1,141 1,130 1,087 1,044 1,006 90 B
|
L
3 o (1_ \/71-_:_ ) +0445 +0334 +.0217 +.0112 0 —0112 —.0217 —.031
5 19V VL,
&
§ AC | +217 +159 +104 +51 0 =49 =9 <l
T
Co\/;; + 272 278 28 290 295 301 306 31
C | +489 +437 +388 4341 4295 4252 4212 +Y
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For the equivalent

as follows:

‘liquid cooled engine, equation (11lbt') applies

- 4100

t “20°  0° 420 440 460  +80 +120
T | 43904 54944 4794 994, 519+4  539.4  539eh  579.4
%; 847 .885 <923 962  1.000 1.040 1.079 1.117
(o]
\[%'. 0920  «940 4960 o980 1.000 1.020 1.039 1.057
o]
ACPO - s.169 - 0169 - 0169 - 0169 - 0169 - 0169 - 0169 had 0169
Bvﬁ) +.450 + 450  + 450 44450 44450 + o450 4450 + 0450
Q .
3 T
33 ’0083*%71 °-/T-° 2,270 2,220 2,180 2,135 2,095 2,050 2,015 1,980
LB | ’ f
Ml-\/i) +.0206 +.0222 +.0148 +.007% O -o0074 —-+OL -o0R11
7o T
AC | +280 +220 +136  +65 0 -67 =130 -1%0
o= | %5 8B w2 w1 w0 9w 9w 9%
o .
¢ 1,145 1,003 1,038 9% 90 89 846 803
KCp, |[=-4232 =232 =232 -232 =232 -.232 -.232  -.232
%) 382 F3R 3R +3R a3 t32 3R tan
' (]
33:“313}?07[ Qvlgg 1,150 1,125 1,00 1,067 1,047 1,85 1,007 9%
| 1c + )
‘}229.31____.9(1-[%-) +0197 +.0131 +.0088 +.0044 O =004 =.0085 =.0125
0 o i
AC | +15  +113 475 436 0 =36 71 =103
c 71T~" 268 277 28 289 295 301 306 312
o]
c| 421 391 35 325 295 265 235 209
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10,000 Ft. altitude
To = 482.8°F
p = 20.6" Hg,
BHP, = 966 per engine
MP = 36w Hg.
EYive)
E = =P = .00135 (see Fig. 4)

F = 4BHP _ 37.0 BHP .
b 31.0 e (see Ref., b)

Both Engines One Engine
V = 145 MPH 124 MPH
_\[_) —~ .773 .660
ND/o ~
Cp, = .110 .110
- dn -2. -2.
A= acs 5 5
B=44 _ .510 641
fo PN

]
o
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For the cir cocled engine actually

installed, equation (lla')

applies.

=20 0 +20 +40 460 +80 4100 4120
T 4396k 4596k LT9eh 499eh 5194 539.4 5594 57944
To=T (+43eh 423 434 166 =366 -56.6 =T6.6 -%.6
To | 1100 1.051  1.008  W967 930 .89 864 834
T
Jg- 954 W975  .9% 1.018 1.038 1.057 1.077 1.09%
(o}
T\
( To)z ) 868 0926 0989 l 0055 l 0118 l 0181 1 0249 1 03.10
OOCBEP P
33, - 0710&._9 2,075 1,985 1,902 1,83 1,753 1,690 1,630 1,571
v
Bo—
ND)O( 1- \/'T___) +0242 +.0131 +.0021 —.0095 -.0200 —o0300 =.0405 =0495
2 no To
5
i EE (1) |- o105 — 0106 —.co1
o pBHP o 30195 00105 0&)15 +¢OO75 +90164 +00254 +0034jl' +'0434
[}
P
)
- AC +264 +132 +20 -78  -189 =296  =39% =475
o \/_T_ .658 672 687 702 716 728 U3 755
To
c %2 804, 707 624 5217 432 349 280
OCOBHP
s = ofioTo | 1,038 993 951 912 g a5 815 1%
v
B0, (. (3
= 2 (1- \/;-) FARE +.0153 +00R5 +.0110 +.0233 +.0350 0471 +0576
o o
=
o& -
& %O(TO-T) ~0390 =CR10 =.0031 +.0149 +.0328 +0509 +.0689 +.0869
Q
8 Ac | +19  +80 #11 -5, -1l -165 -218  -255
CO\E— 104, 106 109 111 113 115 117 119
[0}
= c | +25 +18 +120  +57 +2 -50 =101 -136

The results of these calculations appear
versus air temverature in Figure 5.

as curves of

rate Of climb
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CONCLUDING REMARKS

The rate at which climb is affected by a change in air temper-
ature; ie: the feet per minute reduction in climb per degree
Fahrenheit increase in temperature, may be obtained by differen-
tiation of the appropriate version of equation (11). The deriva-
tive of equation (11') is:

Bys)

1 To , "WD/o Te T

——===+ —+ - 20

2\To T T¢ 7o 3 2
212

When secondary effccts are eliminated by calling T- To = 500CF and
substituting the following typical value:

B = 0.65
D)

ND/ 45 = 0.60

7]o= 0.70

this becqmes:

dC = 001, - 33,000BHP
W

e 1

.001 +.002 +.557 (.001 - .002)]

= .001Co - 56.5BHPg o o o oo oo (14)

W

These equations indicate the following:

1. For a given airplane the magnitude of the effect of a
ziven change of temperature upon the rate of climb decreases with
increase in the general level of the two temperatures between which
the change occurs; ie: the é&ffect is smaller at comparatively high
than at comparatively low temperatures. This fact is also indicated
by the concavity upward of the curves of Fig. 5. The effect of a
temperature rise of 20C0F from -20°F to OPF upon the rate of climb



- ICA0 Circular 1 - AN/1 Page 29

with both engines operating at sea level is to reduce the climb
by 90 feet per minute, whereas the reduction in climb due to the
same temperature rise from 100°F to 1209F is only 80 feet per
minute,

L

2. For an airplane climbirs at a given power loading, any
increase in rate of climb such as frgsht obtain from greater aero-
dynamic refinement of the airplane, thus reducing the power re-
quired for level flight at the c¢limbing speed, will also reduce
the magnitude of the effect of a given change of air temperature
upon the rate of climb. This is clearly indicated by equation (1),

3. As a corollary of 2 above, for an airplane operating in
climb at a given power loading the greater the resulting rate of
climb, the smaller the effect of a given temperature change upon
the rate of climh, Consider for example the curve labeled "sea
level" with nr . engine inoperative. The rate of climb at a temper-
ature of 60“: is 295 Ft./Min. From equation (14) the rate of
change of climb with temperature is: .295 - 2,355 = ~2.06 ft. per
min. per degree, Fahrenheit. If, however, the initial rate of
climb were 600 ft,/min, rather than 295 ft./min., the rate of
change would become +.600 - 2,355 . -1,755 ft./min./°F.

L, For a given airplane, the effect of changes in power or
weight upon the rate of change of climb with temperature is less
simple. It may be noted from the derivation above that equation
(14) states the rate of change of climb is equal to one thousandth
of the rate of climb actually available minus approximately twa
and one half thousandths of the rate of climb which would exist
if no power were required for level flight and all power therefore
available for climb. This latter fictitious climb is directly
proportional to power and inversely to weight. The effect of a
change in power or weight upoh the rate of change of climb with
temperature therefore depénds upon the relation between these two
rates of c¢limb and upon the effect of power and/or weight upon
the actual rate of climb. If, for example, a ten percent increase
in power increases the actual rate of climb by 25%, the rate of
change of ciimb with temperature is unaffected. If the 10%
increase in power increases Co less than 25%, the temperature

effect is increased; 1if C, is increased by more than 25%, the

temperature effect is reduced. The relation between weight and
the actual rate of climb Co 1s established and discussed in Ref.(4d).
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TABLE I.- PROPELLER OPERATING CONDITIONS
AT BEST RATE OF CLIMB AT SEA LEVEL
v
AIRPLANE Cp ND

1. Beech C-17-B .097 656 711
2. Beech D=17-8 .0707 553 .71
3. Beech 18-8 .0707 .61 . 746
4, Bellanca 31-50 .0670 499 . 688
5. Boeing 247-D .0873 7 .750
6. Boeing 8-307 . 0649 647 .772
7. Boeing SA-307-B . 0649 .637 772
8. Boeing A-31k .0332 .568 .787
S, Douglas DC=-2 (WF2B) L0601 .993 «759
10. Douglas DC-2 (WF3A) . 066k 61k .759
11, Douglas DC-3 (WG1l02) .0627 590 .753
12, Douglas DC-3 (WG1l02A) .05h7 565 .754%
i3, Douglas DC-3 (WG2024) 0691 60 . 749
1%, Douglas DC-3 (P&W S1C3G) . 0890 65 . 760
15. Douglas DC-5 .0565 .601 .771
16, Grumman G=21-A .0391 . 546 . 737
17. Lockheed 10-A . Ollelt L4479 .685
18. Lockheed 10-B 0470 L85 .727
19. Lockheed 1L-H2 .0931 777 . 784
20, Lockheed 18=07 .0931 717 .757
21. Lockheed 18-08 .0836 .685 .759
22. Lockheed 18-50 .1087 777 . 755
23. Martin 130 LOU87 .532 . 746
24, Sikorsky S-40-4 L0466 417 .680
25, Sikorsky S-42-B .0519 553 .755
26. Sikorsky S-43-B 0565 578 .756
27. Sikorsky VS-Ll-a .0580 .620 .780
28, Stinson SR-5B .0371 L3y . .681
29, Stinson SR-8B .0308 L4420 .721
30. Stinson SR-8C .03k0 L1403 .705
31, Stinson SR-8E .0536 419 .660
32, Stinson SR-9F .0588 LL462 .682
%3, Stinson SR-10C ,0350 409 .705
34, WACO EGC-7 LOL06 . 397 .678
25, WACO EGC-8 . 0406 «397 .678
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