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F O R E W O R D  

This  i s  t h e  f i r s t  of a new s e r i e s  of ICAO publ ica t ions .  
The I C A O  C i r c u l a r s  w i l l  t r e a t  of many d i f f e r e n t  s u b j e c t s ,  but  
they w i l l  have t h e  cormon purpose of d i s t r i b u t i o n g  information 
Searing upon the  progress  of I C k O 1 s  work more widely than would 
be poss ib le  f o r  t h e  ord inary  s e r i e s  of documents. 

The present  C i rcu la r  i s  a  r epub l i ca t ion  of a  n a t i o n a l  
study on a  matter  t h a t  has already been t h e  sub jec t  of one 
s p e c i a l  I C A O  meeting and t h a t  w i l l  have t o  be f u r t h e r  discussed 
i n  f u t u r e  meetings - t h e  e f f e c t  of temperature upon t h e  perform- 
ance of a i r c r a f t  and upon t h e i r  allowable opera t ing  weights. 
Future c i r c u l a r s  w i l l  compare and analyze n a t i o n a l  p r a c t i c e s  i n  
t h e  admin i s t r a t ion  of t h e  var ious phases of se rv ice  t o  a i r  navi- 
ga t ion  and i t s  regu la t ion .  Others w i l l  r e p o r t  t h e  degree of 
implementation by the  na t ions  of the  world of I C A O ' s  Standards 
and o the r  recomraendations r e s u l t i n g  from I C A O  m e e t i n ~ s ,  

A g r e a t  work has been i n i t i a t e d  i n  t h e  pas t  t h r e e  years  
through t h i s  Organization. The nrogress  t h a t  has been made, 
and t h a t  w i l l  be made i n  coming months, i s  of  i n t e r e s t  f a r  beyond 
the  l i m i t s  of t h e  Governmentst ae ronau t i ca l  se rv ices .  The 
records  of progress  concern t h e  whole a i r c r a f t - o p e r a t i n g  world; 
they deserve a  wider d i s t r i b u t i o n  than they have had; and the  
s e r i e s  of I C A O  C i r c u l a r s ,  of  which t h i s  i s  1?0, 1, a r e  designed 
t o  make it  poss ib le  f o r  them t o  r ece ive  it, 

Edward Warner 
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The r e p o r t  yep~oqucsd ;In this CSrcylar wss f P r q O  issued 
by the  Civil A@'rona~t ic@ AdmiaiatratS~p of ths PnStsd Stakes 
o r  Arnel?$ca,. as Flight I$n#$naarlrxg Report NO* $2, sn't;$tled 
'!The sffact o f  a i r  temperqtqra upon the  r a t e  o f  c2imQ QP an 
aeroplane equipped with a constant  speed propel lerf l .  Conse- 
quent upon recommendatians made by the A$~woyth$,ness pivision, 
the  report was subnittad to I C A Q  f ~ r  publication, has been 
translated by the Bedretar ta t  i n to  French and Spanish and is 
being published as an I C A O  Clpcular  in English, French and 
Spanish. 
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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- 
cesses; and upon a rational treatment of the effect of outside 
air tempersture 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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DERIVATION 

The r a t e  of climb of an a i r p l a n e  i n  f e e t  per minute may be 
expressed by means of t h e  following equations:  

where: 

W = Airplane weight i n  pounds 

THPa = t h r u s t  horsepower a v a i l a b l e  

THPr = t h r u s t  horsepower requi red  

NOW: THPa = BHPS - - - - - - - - - - - - - - - -  ( 2 )  

where : 

BHP = brake horsepower output  of engine(s)  

r~ = propulsive e f f i c i e n c y  

and : 

where : 

p = Mess dens i ty  of a i r  i n  s lugs/cu.f t .  

f I Airplane p a r a s i t e  a rea  i n  sq. f t .  

V Airplane a i rspeed  ( t r u e )  i n  f t . / s ec .  

e = Airplane e f f i c i e n c y  f a c t o r ,  - CL* 

~ ~ C D J  

b = Airplane wing span i n  f e e t  
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The above equations indicate that, in order to establish 
the  effect of air temperatu+e upon the rate of climb, it is ne- 
c e s s a r y  to consider the effect upon the terds involved in 
equations (2) and (3); v i s i , B H P , q ,  2w2 *' ~ 5 0 n p  a b F  

; separa- 
'1 00 

t e l y .  This is done immediately heri)~nder, 

Brake Horsepower = BHP 
~ h k  e%perimentaZ 4aka a v a i l p b l e  indicate there ' a r e  at least 

two separate , e f fec ts  crf air tempsratura5upPh the power output of 
an engine bpsrating at a giveh r n a n i f ~ l d  pressure, rp;~, and mixture 
strength. Qne of' these ,maqifast,s i t s e l f  in a reduction oP power 
with increase  in the tappcratqre ~f tbe a4r mtsrtsg the carburetor 
The magnitude o f  the e f f i e ~ C  $8 ~ ~ d l n a r l L y  exg~eBaed by war= of the 
following ra$wtitln? 

r the absolute temperatme of &he ca~byretor 
air,Kncler the  cond l t iong prpdqc$n$ $ 6 ~ ~  (ie: 
st? i s  the tegpp~s$ure Q degreas pahrspheit 
~ l u a  459.43 

T =' t he ,  absaluls temperature of the  garbwetor 
, air w d e r  the conditions producing BHP. 

The second such e f f e c t  is an observed reductiop in power 
with increase in the temperatwe of $he air-entering the cooling 
process f o r  an a i r  coolQd esgine. $l though,not  ss w e l l  supported 
by the experimenta1,evfd~ee as in the case of carbuyetor air, 
the magnitude of this effect is oYdinarily expressed: 

where : 

Fc and ? = the absohte tempera ture  of the eooling air 
b u t  a r e  otherw ise  as d e f i q e d  above. 

~1 \ 

The primary eCfect sf temperature upon the brake horsepower 
is theg: 

BHP =BHP,@II(~) , - - - - - - - - - - - - (4) 
c T r  
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Propulsive Ef f i c i ency  =q 

If propulsive e f f i c i e n c y , T  , be p l o t t e d  a s  contours  upon 
the s tandard  power c o e f f i c i e n t  versus  advance r a t i o  c h a r t  
(Cg VS. V - @ p ) ,  t h e  r e s u l t i n g  diagram ( s e e  Fig. 1 f o r  example, 

ND 
which has been prepared from the da ta  of Ref. ( C )  w i l l  i n d i c a t e ,  
i n  the  r eg ion  r e p r e s e n t a t i v e  of c l inb ing  condi t ions  ( i e :  compa- 
r a t i v e l y  high va lues  of C p  and low values of V ) ,  t h a t ,  a t  a 

PD 
cons tant  va lue  of L, an increase  of C p  i s  accompanied by a  

ND 
decrease i n  e f f i c i e n c y  and a l s o  t h a t  a t  a  constant  value of C p ,  
an i n c r e a s e  i n  i s  accompanied by an increase  i n  e f f i c i ency .  

ND 
This s i t u a t i o n  may be summarized by the  following equations:  

\ 

I t  it  can be shown t h a t  the  va lues  of A and B ,  s o  def ined,  
remain reasonably cons tant  over the  ranges of C p  and V- respect -  

ND 
i v e l y  r e s u l t i n g  from any temperature change which must be d e a l t  
with and a l s o  the  value of A i s  s u b s t a n t i a l l y  independent of any 
value of jT- and t h a t  of B s u s b t a n t i a l l y  independent of any value 

MD 
of C p  e i t h e r  of which must be considered,  then the  r a t e  a t  which 
e f f i c i e n c y  changes with both C p  and i s  s u b s t a n t i a l l y :  

!ID 

I n  order  t o  i n d i c a t e  the n a t u r e ,  magnitude and v a r i a t i o n  of 
the  va lues  of A and B with C p  and E, ' ~ i g u r e s  2 and 3 have been 

MD 
prepared from t h e  da ta  of Figure 1. These da ta  i n d i c a t e  t h e  
assurnption of appropr ia t e  constant  va lues 'o f  A and B t o  be a  
reasonably c lose  approximation t o  t h e  a c t u a l  v a r i a t i o n  o f ? .  
(This  i s  f u r t h e r  discussed below.) 
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