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INTRODUCTION

This report covers the derlvation of equaticns v ~egns of which to caleulate the effect of alr temperature upaen
the rats of climb, applles the equations to a typiesl zirplane, and discusses the sigmificance of the results of this
applicatiaon. P

The derivation 15 based upen the fundamental equation for rate of ¢llmb, the generally accepted relationship
between the brake horsepower cutput of an engine and the temperatures of the alr invelved in the carbureting, ¢ocling
and supereharging processes, and upon a4 ratiopal treatment of the effect of autslde air temperature upon propeller
sgrodynasmle characteristics No new experimental data are contained in this report

The equations are belisved nsefnl for the purpose of calculating the effect of temperature upon a rate of elimb
determined by testing at a given temperature and require for their application the establishment of certain engine

characterletics normally availahle in the standard engine power output and certain propeller characteristics.

F D73 -1-



TERIVATION

Gereral
The rats .. & 1=~ =~ an airplane in feet ser mirnute -=v be exc-essed by means of the followlng equatiana,

C:EZA_{.@(TH“E—TFPr)-—-—- _________________ S

!
where
& = alrrvlane welght in pounds
THFa = thrust horsepower availeble

THP,

thrust horsepower required
Nowy THPy = BHPYy =~ - - - - -----=----- I (2)
wrerei
PYP = breke horsepower cutput of engine{s)
= rropulsive afficiency

andj

TP = v3 < U - - == - -=(3)
100 550%Q eby

wherer
i

Maes der 1ty 27 ail- in slugs/eu ft

~>
[l

f = uirplane parasite area i1n sg ft

V = alvpl-ne a_rspeed {true) in {t /sec

i)
1

- tirplare eff!~ienc; factor = (L2
B = farplare wirg span in feet

The above equations inaicate t-at, in oruer to esteblish the effect of alr temperature upen ths rate of climb, it

15 necessary to consider the ef ect _Ton tre terms involved in equations (2) and (3), viss BHP,Y) , I3 ana w2

2 »
1100 55080 ov2y
separately. Thiz 1s done lmmedi-tify ~=reander

Brave Horsepower = PHFP

The experimentzl cz* ava'kble. _rmicate T ere are at least two separate effects of gir temperature upon the power
outmt of an e:;gine cperat.n. ¢€ & 2:vem mamx_~lc pre<sure, rpm, and mixture strength One of these manifests itself in
a reduction of power with inc~ease _-1 the fempe=-*Lre o. the alr entering the carburetor The magritude ef the effect
15 ordinarmly expressed ov mears of the follgan~, =elation

& - izl o
T

#rere
Tt - "= absolut temperatuz= cf the carturetor alr under the canditions produeing

FrPy, (1e- 1t 15 the tempersture in degrees Fahrenhelt plus L5044

-
1

tre absclute temperature of the cartumretor alr under the conditions producing BHP.
The secend such effect 18 an observed reduction in power with increase in the temperature of the alr entering the
cooling process for an air cooled engine Although not so well supported by the experimental evidence a&s in the case

of carburetor air, the magnitude of this effect is ordinarily expressed

J 22073
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BHF = HRP, %

where¢

To and T = the absolute temperature of the cooling alr but are otherwise as defined abave

The primary effect of temperature upcn the brake horsepower is then

BP = BAPg {To\ (Tov  _ _ _ _ o o __. o
T )c{'r )z (4}

Propulsive Efficiency « Ty
7

If propulsiva efﬁciency,‘f) s be plotted as contours upan the standard power coefflcient versue advance ratio chart
{Cp ™ ;_3 @& )}, the resulting diagram {see Flg 1 for example, which has beem prepared from the data of Ref (C)) will
indicate, in the regisn representative of climbing candltions (le; ecomparatively high values of Cp and lew velues of
;—D-}, that, at a constant value of E_D, an increase of Cp 1s accompanied by a decrease in efficiepcy and also that at a
constant value of Cp, 2n increase in ‘;_I) ie accompanled by an inersase in efflciency. 7This sitnation may be summayized

by the following squatlons

gn— o A
de T _
-ﬁj--aconstant
............ N 3]
gﬂ) =B
v
ND

cp = a congtant

If it can be showp thet the valies of A and B, so delined, remain reasgnably constant over the ranges of Cp and ;_D
respactively resulting from eny tewperature change which mst be dezlt with and also the value of A 1s sabstantially
independent of ary walue of E‘f and that of B substantially independsnt of any value of Cp elther of which mst te coneidered,

then the rate at which efficiency changes with both cp and I‘F;_D 1s substantlally
dq=Ade+deﬁ _____________________________ - (&)

In order to indicate the nature, magnitude and vpriaticn of the vslues of A and B with Cp and :—D' Flgures 2 and 3
have been prepared fram the data of Figure 1 These data indicate the assumption of appropriate constant values of A

and B to be a reasonably closa approximation to the actuel variation of\') . (This 1s further discussed below)

Now
Cp = ﬁ;_nf
apd s .
. Y _ gy
¥~ mp
Alsor
Cs
wherey
P = atmospheric pressure
T = absolute alr temperature
ies
TE
o T
i~ 23073



At a constant indieated airspeed.

@ £

Now D is & constant for & given airplane and with a conatant speed Propeller, N ia also canstant The effect of temperature

upen P has been separately comsidered sbove Since P = BHP, the offact of temperature upon cp and :I_D 13 therefore as

follows)
Cp_ « BEP :%- T &2!%)
cPo Bm:o To r
Bndr
r
M0 =¥ ST
Ty T w‘
ND);, e e
or,
hssuming _Q) = Tn) = T_o which appears likely always to be nearly true:
T/ih T
Cp = Cp T@ T = Cp
ToNT NT
andj
v o7y (T
ND N:D)o To
aleoy
dcp = od(!}: 0 \-
To.
-------------------------- )
andp

Subetltmting theme values of dCp Bnd d;_n inte equatien (6), the mts of ehangs of propalsive efficiency with absolute
temparature ratio 1s obtained as feollows,

o= e (B o)

absolute tewperature ratlo may be obtained by integratlon tmss

the
JN’DodT .

s gL \IL
g

and efficlency as & function of

wheres
k = 8 canstant
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P

Whens

-;—o = 1.000,“: “o

Thereforet ; .

o = B;_D)o L B 5 .
ie:
* =% 2 5,
Substituting this value of k into the sbove expression for Y) 4

=5 (T -5
“) BﬁL To‘“o Bﬁﬁ)o

")u'ﬂ,,g)o({{-o'l) mmmmmmenmoe-- R EEEE LR (@

- 1y}, =2
HAorae red =% _—_WSﬂi) -
Tt has been shawn abeve thatr
= To
(=01

and, at canstant indicated airspeed, thats

¥ =VOF
Te

Substitating these values into the expression fcr thrust horsepower required (equation (3
\

Qo Te sz 3 2
=_1T To * o o
WPr = 1ol + 5504 (o %__ bzv—u@;

1100

} euﬂgf v o2 T
T 100Vr, 550 Q00N

ies

THPr:THPrOF;_ -m e m e = —-—-- e -——— - (9)

o
However, when THPp = THPp s Cm € oy EHP = EAP,, and\‘) = T)u. Substituting these values into equatlon (1) and sclving
Tor 'l.'H'!’;,,-o glvess
- EH
THPr, BHP
o = B0 ” 35,000

and, therefors from equation (9)r

- ¢ @ e e v e emem—————- cmmeen-
Py = 5PN o I - ST (20)

Rats of Climb = C
411 of the slements inwalved in the basic climb equation (1) have bwen relatsd to temperature by equatiana (4), (8),
and (10). Whep these are smbatituted inte equatien (1) the following results:

o372 [anf 3 o (G ) e {5 {E )]
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DISCUSSION

General .

Bguation (11) 1s st.rlct].'y applicable to the rate of climb for an alrplane equlpped with an alr=-¢ooled engine and a
eonatant speed propeller whem operated at a constant indlcated alrspeed and under such powerplant operating conditions
as to mhke possible tho maintenance of constant manmlfold pressure and englne rpm and alsc when and only when the ratie
of initiel end final values of ocutside, carburetor, and ceoling alr temperatures (sbaclute) are identical and the rata
of change of propilsive efficlenecy with advanes ratio at conatant power coefficlent 1s constant over the range of advance
ratie produced by any temperature change for which it is desired to apply the equation

It camnot be applied in the case of an sirplane not equipped with s constant speed propeller

The remainder of the limitations upcn tha general applieability of equation (11} are discussed belew where certain
modifications are derived or suggestsad in order to obvlate these limitatlons or to simplify the equation to improve its
practicability.
Cperation At & Fixed Throttle Setting

Tor an unaupercharged englne oparating at a fized throttle setting the man.fold pressure 1s substantlellr indepandent
of Carturetor ajr temperatere. The limltatlon stated above, that the manifold pressure remain constant, 15 met and
equation (11) 1o applicable

For a supercharged engine at fiwxed throttle, however, the effect of carburetor air temperature is such that an increase
in temperature 1s accomparied by a reductlon in manlfold pressure Page 31 of Reference a lndicates the mature of the
relation, of the retlo of supercharpger cutlet to Inlet pressure to the temperatnre of the carbturetor air. The cutlst
presmure is substantially the manifold pressure and the inlet pressure, the atmospheric pressure The slope of the lines
appearing in the referenced dlagram may therefore be taken to be the rate of change with respect to carburetor alr
temperature of the ratic of manifold to atmospheric pressures. 1le

diZ
slopa = _B_

dTe
i

The diagram indicates that this slope 19 & functlon of both the presmure ratic and t; Values of this slope have been

read at valuas of t¢ = 00, 50°, and 100°F and &t the corresponding values of the pressure ratic and appear in Figure 4 as)
S~ 23a73



-—E. E
g
T V3. Tc
If ths mgu:l.tlde of the changes in the tempsrahra and the resultant changas in the pressures ratio which mst be dealt

with be assomed small encugh that the above rete remains sensibly comstant when the temperature changes, then:

a®
T = 8 cmstant = E -

=¥
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The sbove described chapge In menlfold pressure is of course accompanied by a corresponding change in the brake
horsepower outpat of the englne. The standard dea lavel power chart of BUP v MP @ N indicatss that the rate at whieh
this change in power tskes place 1s, at ¢onstant engine rpm, a constant which may be read direetly from the chart and

the altdtonde chert assumes this rate & constant, isg

o

= ) camstant = F

dEAP = FdMP
Substituting this value of QP into equatiom (12) glves:
dBRP = PEFdIc
Integrating,
s BHP s piFT, #k) = - ===~ ==---o==- LT T ¢ &)

When Te = T, BAP = BHF,, ands .

o™
k) = BHF, = PEFIc,
Substitating this value of ky into equaticn (13} sives,
BHP = paFfe * EHP, - PEFTc
= BHP, # PEF(T-To)e
and combining this with equation (4) previcusly derived, the total effect of temperature upon BHF becomes, for the case

undsr consldseratico

BRP = ‘EmPo - pEF(T—ro)gl @l\&_:l ____________________ (48)
wharay
P = atmospheric pressure in inches of mercury
AMF
E= é—- which may be read from Flgure 4 at the initial values of ¥P, p, T,.
i
F = d%—;\ which may be resd from the engine poRer chart for the initial

N = constant
values of U.P, and K.

If equation (4a) be substituted for equation (4) in the dovelopment of equation {11), the following results:
o073
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Liguid Cooled Engine Installation

The temperature of the slr ontering the cooling process in a

englne only in so far as it affects the tempersture of the coolan

= (3]

BL.
D
Q

To To'e Y Tolr

T PEF
1| — il
\STO){ + . (To-Tle

llquid cocled englne affacts the power cutput of the

t The temperature of the coolent 1s,

thermostatlcally contrelled and remains substaptlally constant once the ongine 15 warmed up and cperating equilibrium

established.
equation (4) to 2ecount for this tempersture must be eliminatad,

BHF = BHP, Ia)
TC

This term smgt alseo be eliminated from the derivation of equations (7) and (B), iei

CP = BHP
Cpo BHPo

&R
or, making the same assumptions concerning g— and %_)
o olc

CP = Cpg i% .
and equation (7} becomes:
dCp =

Then

and equatlon (8):

N+ frord g L((E )

Finally, equatlon (11) becomess
o oo sgmial | o

Propeller Characteristics

Under such condltions the power output would be independent of coaling ale tempermture and the term in

leavingr

(see page i)

\EE toes m).,(l\r) B

however, nsually

In grder teo indlcate a reglon on Figures 2 and 3 appropriate to climbing flight e point has been lotated on each of

the figures to represent for each of the 35 alrplanes of Table I the values of C Dy !N.f and.\‘) corrasponding with climb

at mea level at METO power at best rate of climb spead

and in such cases the value of C p used in these figures 1s the actual valuwe divided by O 70 to make 1t correspend with

the three blade characteris=tics of the figures.

5 23e73

Same of these mrplanes are equipped wlth two blade propellers

It may be notad that all these polnts lie within the fallowing 1imits



“-.6601’.0 785

b=
1

030 to 110
= #400 to 800

Appropriats lines bounding the area contained within these limita have been drawn on Flgures 1 and 2. The corners
of this beaundary have then been relocated to carrespond with departures of aitside alr temperature from initial conditicns
such that ﬁ_ =110 and @ = 9. These wauld represent temperatures of 167°F apd =390F at ses level or 125°F and
=48°F at an altitade of 10,008 feet respectively when T, 1s assumed to be the standard temperature and -are prebably in

oxcess of any temporature variation ldkely to te encountered, The vardetlon of the slopes, A = ﬂ_ and B w %n_ within
acp v

KD
the orginal ares 1s representative of that likely to be due to dlfferences amopg types of airplaped while the wvariatiom
betwgen boundaries of the itwo extrems areas 1s representative of that due to the extremes of tempersture varlition

likely to be encountered. These variatiops lie withir the following limits:

5lope Adrplane to Adrplane T rature te rature
= -
A-d—‘,’};_ - 135t -2 @5 + 307 to - 30%
s=%)__.= +05 to 120 F17¢ to - 170

ND

These Mmits Indicate that in order te establish values of A and B with very much precislion, 1t 1s necessary to uae
Figures 2 and 3 or therr equivalert and in any event, this may &% well be dome simce Cp, and :_D o miet be known in order
to apply any of the three alternative forms of equation (11) and these values locate an appropriate point an the figures
at 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 18 a question upon which 1t is very difficelt to shed much light. It
appears desirable, however, to nse the charactsristics of the actual propeller if these are avallable particularly if

great accuracy 1s necessary or deslrabtle,

Carturetor, Cogling, 2nd Cutside Alr Temperature

The temperature of the air entering the cartmretor 1s ordinarlly sbove that of the outslde alr due either to the
heat wbsorbed fram the englne or to & certain amount of compression in the lntsake 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 cases with
which the Civil Aercnautics Administretion has had experlence the carburetor air temperatnre is of the order O°F to 15°F
above outslde gir temperature when the heater contrel 1s "Full Cold" plso when full heat 1s applied the carburetor
alr temperature rarely exceeds the outside alr temperature by more than 1209, and this heat rise tends to decrease with
increasing ocutslde alr tsmperature Uader most operatlng conditlons the heater 1s not used

For conventional installation of an aly cooled engine, the temperature of the air entaring the cooling process is
subetantlially that of the cutside alr For englnas Wurled deeply inside the airplane structure it sppesrs poszible that

the temperature of the coolling alr might be elevated by campression in the intake duct,

Stgoe7d



Passible Simplifications
The anly simplificatlcen of the various altermative forms of equation (11) which appears warrsnted under &my likely

¢ircumstances is that meade possible by the assumption already made in the derlvation of equatiaon (7) above, vizp

T
Tn Ta To)

Upon this basis, equations (11), (lls) and (11b) becoms:

o o 0oL 200ZEN ﬂl k. (ﬂ .............. )

c:cog_.ag‘pg{_vnnn Io
o

- ];HPE (To)| = === m s m e i e e i e e a o - = «(11a1)

N Y.
T 2000meee (B, 7 ace o g (o (TN ... ey
To w T To No Ta

EZAMFLE

In erdsr to illustrate the applicetian of the equatiomma as well as the effect of cutside alr teamperature upon the
rate of climb, the varistlon of two typlcal rates of elimb for the Donglas DG3-S1C35 airplane at two altitudes will be
celeulated over the range of cutside alr temperature likely tc be encountered

For tils porposs the airplane will be apgomsd to operate at a welght of 25,200f and METO power on the operating
englne{s) The best rates of elimb with Both englnes operating and with one engine imoperative and its propeller
feathersd with, in each case, the airplane in the "clean" canfiguration (le: wing flaps and landing gear fully re-
tracted), each at sea level and at 10,000 feet are selected for the purpose. Under standard atmospherle conditians

these rates of ¢llmb are as follews

Canflguration Sea Lavel 10,0001
Both Engines 940 90
One Engine 295 109

The sngine actually installed in thie airplane is an sir cocled engine and at sea-level will be assumed te operate
at eonptant manifeold pressure while at 10,000 feet altitnde the coperatlon will be assumad to be at flwed (full) throttle.
The sea level varlation of Tate of climb will alpe be calculated assuming s lguid cocled englne at canstant manlfold
pressure to 1llnstrate that case Thoe propeller gear ratie 1s 1619 and the propeller dlameter 11'-6"

The valuss of the terms in the various forms of equation (11') which will be uded for the purpese and the calculatlians

are as followsy
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Sel Level
To = 51849 (59° » 459 49)
P = 29.92 "Hge
BHP, = 1050 per englne -
¥P = mamifold preassure = 41.5% Hg.

ar
E= E% = -,00058 (see Figd)

¥ = G86R | 59,0 DHP/"Hg. (ses Ref.b)

dMP
Botk Evglnes Qne Engine
V= 130 MPH 110 ¥FH
B, o =
Cpo = +089 089
V)o = 760 685
A= d = =1. «2.60
dCp 90
Bz4Q =  +.650 + 650
dav_
™

For the air-cooled engine actually installed, equation 11' applies as follows:

t -20 0 70 +40 *60 €0 ¥100 «120
| 4394 4594 £794 499.4 519 4 539 4 55944 51944
T
T 1 161 1130 1.082 1.040 1 000 962 .928 .896
\g’_‘; .920 %0 961 980 1 000 1.020 1039 1.057
T3
(E) 2 780 832 .886 942 1 000 1 060 1119 1,182
32,000HPoN :_q_ 2,476 2,362 2,260 2,17, 2,088 2,012 1,940 1,872
u
g %)o (1 i-)
EJ Vo To 0475 * 0356 *,023L +.,0119 1) -.0119 ~.0231 20338
g g 26 vil3 +205 22 0 58 -186 278
CoNTg *865 +a83 903 921 #5340 2958 976 592
c 1,291 +1,196 +1,108 +1,043 * 940 #3860 190 Pt an
20 Ne e | 1,28 108 110 1,087 1,04 1,006 970 936
B
KD
& ——°(1‘§: ) 0445  +.033% 40217 +.0112 0 -0n2 -0a7  ~.0318
H nen
= Ac »217 4159 104 51 0 49 -4 -
8 co\ﬂ.— 272 28 28 290 295 301 306 22
(]
c w89 37 «388 341 *295 252 <12 +171
3723472

-




For the equivalant liquid cooled engine, equation (21b') applies as follows:

t -200 0o *20 0 60 «80 +100 +120
T | 494 4594 4194 4994 519.4 539 ¢ 55964 5194
-3- 847 885 923 962 1 000 1.040 1.079 1.117
0
S;— 920 940 960 <980 1.000 1.020 1.039 1.057
1]
ACp, | -.169 - 169 -.169 -.169 -.169 -.169 -.169 -.169
7
Bﬁ)o *.450 v 450 edS0 +u450 su4SO0 w450 * o450 e
32,0008 uﬁ_ﬂ 2,210 2,220 2,180 2,135 2,095 2,080 2,015 1,980
o
o
3| acp, + 9B
5 o ) 1-\\%) +0206  +.0222  +.0LB  +.007% 0 001  -.0L4 -.0211
o
F-|
-
a Ac +280 220 136 v65 0 - % 190
GOG— 865 883 902 521 940 959 976 993
o
¢ 1,145 1,103 1,038 986 940 892 &b 803
ACpo - 21 -.232 - 232 -.232 -232 -.222 -a232 -0232
BX—D ».382 +,382 382 »,382 ¥ 392 ., 382 - 382 332
2 °:°m1’ ‘S;-v. 1,150 1,125 1,090 1,067 1,047 1,025 1,007 990
L3
';1 ACp, + %) T
Po ° 1-F—) 0197  +0131L #0088 ¢ 0o -0 - 008 -012
: T—L ) |* 13 0044, 044 5 5
AC 4153 +113 15 36 0 =36 n -103
Co $—° 268 27 284, 289 25 300 306 312
c 421 391 359 325 295 265 235 209

10,000 £t altitude

$=223073

To = 4B2.89F
P = 20.6" Bg

BRPy = 960 per engine

MP = 36" Hg.
dlp

Ez ﬂp - =00135 (308 Fig. 4)

e

F=SBP _ 5 o BE (See Ref. b)
ar -3 -ng(

—12-




Both Engines One Engine

V- LsuPE 4 4 124 MPH
¥y o_ 6
), = 713 60
Cpg = 110 110
No = 750 690
A= d = 2. 2.
acp 2.5 3
B -4aN 510 N:Al
v
45
For the air cooled englne actually lnstalled, equation (1la') applies
% -20 0 w20 0 +60 80 +200 2220
v | 4394 4594 4794 499.4 519 4 539 4 559 4 571944
To-T A *23 4 3.4 -16,6 =36 6 ~56 6 16 6 =96 6
%Q 1 100 1085 1 008 ,967 930 896 864 834
\i g— 954 75 996 1 018 1 038 1 057 1 0m7 1.09,
S .
- W
(T 62 926 .989 1 055 118 1181 1.249 1.310
33;”?“—"‘32 ;2 2,075 1,985 1,902 1,623 1,753 1,690 1,630 1,571
=)
° M- JL. - - _ - _
. —"To_(l \Eo) + 0242 + 0131 r 0021 0095 0200 0300 0405 0495
(=
-l
oL
£ ﬁ’% (To-1) | - 0195 - 0105 - 0015 # 0075 v 0164 r 0254 - 0344 0434
1]
B
& AC *264, «132 +20 -78 -189 ~296 -39 =475
Cog— 658 &2 687 702 76 728 7%) 755
Q
¢ 922 804 707 624 527 432 349 280
2,000 PN T | 1,038 993 951 912 &7 845 815 786
pL)
eoq 4 .;—) +.0262 Q153 40025  +OLl0 40233  +.0350 071 +.0576
Vot T
2
T PBEE. (p.-1) | -.0390  -0210  -0031 #0149 #0328  + 0509 0689  + 0869
& BHPp *7°
g ac 149 + 80 11 =54, -111 =165 -218 -255
Co \if— 1% 106 109 111 113 115 117 119
* ]
c 253 *126 +120 57 - -50 =101 -136

The results of these calculations appear as curves of rate of climb versus air temperature in Figure §

S 33073
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welght upon the rate of change of climb with temperature therefore depends upon the relation between these two rates of
climb and upon the effect of pewer and/or weight upon the aetual rate of elimb If, for exampls, a ten percent inerease
1n power increasry the actual rate of climb by 25%, the rate of change of climb with temperature 1s unaffected If the
10% increase in power increases C, less than 25%, the temperature effect is increased, if G, is increased by more than

25%, the temperature effect 18 reduced The relatlon between welght and the actual rate of climb !.'7‘:l i1s established and

discussed in Ref (d)
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CONCLUDING RERLALKS
The rate at which climb le affected by & change in alr temperature, iey the fest per minuts rednction in climd per
degres Fahrerheit increase in temperature, may be obtained by differentiaticm of the appropriats version of equatian
{11). The derivative of equation {11V} ias;

)
SRICETEN FUPL W
=

gy — - -
at  dr 2477 L AT ™ M,\2m
z

When secondary effects are éeliminated by calling Ta T, a 500°F and substdtuting the following typical value,

B =0.6%
¥
ND)O = 0.60
No =00
thies becmoss
ac _ - 33,0003&?;'!,0
at = 0% = L.ool + ,002 «,557 ( O0L - CO2) = OCLC, - 56.5 E;.P_o ...... - =(14)

These equations indicate tfh followling:

1. For a glven alrplane the magnitide of the effeot of a given change of temperature upon the rate of climb decreases
with inoresass in the general level of the two tampsratures betseen which the change occura; leg the effeot 1s smaller
at comparatiwvely high than at comparatively lew temperatures This fact is alas indieatsed by the concavity upward of the
enrves of Fig. 5. The effect of a tampsraturs riss of 20OF fram -200F to OOF upoen tha rats of cligb with both engines
cperating at sea lswel is to rednce the climb by 90 feet per mimite, whereas the reduction in climb due te the sams
temperature rise from 100°F to 120°F 1s only 70 fest per mimite

2. For an airplane rlimbing at a given Power loading, any increase in rate of ¢limb such as might obtiin fram
greatsr aerodynamic refinement of the airplana, thus reducing the power required for level flight st the elimbing epeed, |
will also reduce the magnitnde of the effect of a glven changs of alr temperature upen the rate of climb. This 1s
elearly indicated by equation (1)

3. As a corcllary of 2 above, for an airplane opsrating in c¢limb at & glven power loading the greater the resulting
rats of climb, the smaller the effect of a given temperature change upen the rate of climb. Considsr for example the
eurve labeled "sea lovel"™ with one engine inoperative The rats of elimb at a tempesrature of 60°F is 295 Ft /iin.

From equation (1i) the rate of change of ¢limb with temperature 18 + .295 = 2.355 = =2 06 ft. per min. per degres,
Fahrenheit. If, however, the initizl rate of climb were 600 ft /min rather thas 295 ft /min., the rate of change wauld
become &,600 = 2,355 = -1 755 £t /min /OF.

L. Yor & glven alrplane, the effect of changes in power or weight upon the rete of change of climb with tampersture
15 less mimple. It may be noted from the derivation above that equatian (1i) statas the rats of changs of ¢climb is equal
to ane thousandth of the rate of climb actmally availsbls mirms spproximately two and one half thousandths of the rats
of olimb which would exist if mo power were required for level flight and all powsr thersfore avallabls for elixh. JThmls

latter Metitions elimh is drectly proportional to power and inversely to weight. The effect of a change in powsr or

S$-45003
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TAHLE T

PROPELLER OPERATING CONDTTIONS AT BEST RATE OF CLTMB AT SEA LEVEL

AIRPLANE

Beech C~17-B
Beech D-17-5
Beech 18-5
Bellaneca 31-50
Boeing 247-D
Boelng S=-307
Boeing SA-307-B
Boeing A-3L4

Douglas DC~2 (WF2B)
Douglas DO~2 (WF24)
Douglas DC~3 (WGl02)
Douglss DC-3 (WGOLQ24}
Douglas DC-3 (WG2024)
Douglas DC-3 (FeW 51C3G)

Douglas DC—5
Gruman G-21-4
Leekbeed 10-a
Loclheed 10-B
Lockheod 14-H2
Leckheed 18-Q7
Lockheed 18-08
Lockheed 18-50
Martin 130
Sikoreky S—40=-f
Sikorsky S-42-B
Sikoraky S-43-B
Silkorsky TS-fd=i
Stinson SR-SP
Stinson SR-8B
Stinson SR-8C
Stlneon SR-EE
Stinsor SR-9F
Stinson SR-10C
WACO EGC-7
WACO EGC-8

S

097
L0707
o7
<0670

#0547
0691
.0890
0565
0591

0470
0921
0931

0836
087
048

0519
0565
0580
0371

o308
«0340

0536
0588
0350

0406

=l

r
o

656
«553
61
499
67
637
637
+568
593
614
590
.565

-553
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