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Ul'RODlJCTION 

This nipol"t coven the derivation of equations 0V "'eans of 'lfflieh to ealeulate the effect of air temperature upao 

the rate of ch.mbj applies trul equations to a typical a.:1.rpl.ane, and dismi.sses the sigru.ficance of the results of this 

applicat:J.cm. 

Tm derivatian is based a.pm the ttmdamental equation for rate of climb, the generally- accepted relaticnsbip 

betlfeen tJ:ie brake horr,epo,19r C1Utpit or an engine and the temperaturea of the air involved in the earburet11:1g, eoolillg 

and 511.perch&rgi.Dg procesl!les, and a.pm a rat10Dill treatment of the effeet of C11tside air temper&ture upon propeller 

aerod)'n&ld.c cbaracteristi.es No new experimental data p.re contained 1n this report 

1'he eqa.ati.aru, are bellend nee!'ul tor the pu.rpose of calculating the e.ffect of temperature upon a rate of climb 

det,el'llined by' teeting at a giY8n temperature and requi?9 for the:i.r application the establii,hment of certain enpne 

chaacterietics normally available in the standard engine power C11tp11t and certain propeller charactenstJ.cs • 
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The rate --~ C l-

Now1 

w;here r 

IlERI'rATI0!1 

an airplane in feet oer minute r:>..a\ be exn-essed by me"ln:s of the follcnring equatians1 

C = ll....f£2. (Tffl"a - 'IFPr) 
w 

N • Air~lane weight in pounds 

THPa : thrust horsepower available 

'IEPr = thNSt horsep01rer required 

- - - - - - - - - - - - - - - - - - - - - - (1) 

THPa = BHP1) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (2) 

BHP= brake horsepcmer cutp.1t of engine(s) 

'1") = prop.ilsive efficiency 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - (;) 

~ = Maes der 1 ty :J:° ai - in slugs/cu ft 

f = 11irplane p,o:rasi te are11 1n sq ft 

V = Ai--pl~ne a_rspeed (true) in ft /sec 

e = J.irplare effl ~iencJ factor = ct2 
'\I AR°"1 

b : Al.r:;:;h.re wiq, span in feet 

The above equations 1naicate t\.at, in oruer to estzblish the effect of air temperature upan the 

1.s necessary to consider the e!: ect .. ::on tJ-e terms involved in equations (2) andl {J), vizr BHP,'<)• 

separately. This is done im:cectl'='t-f-y - 0 -..e.mder 

rate of ell~, it 

,v3 and :ar2 
noo' 550~~ eli'v 

RraYe Hol"'5epower. BHP 

The experiment.el C.c+ w.rdl,(t,U! _,..OJ.CcJ."c t 1 ere are at least two separate effect:i of au temperature upon the pC11Jer 

outwt of an e;g:l..ne operat~7~ et a ;:;:..,.e" man2_..,L:. ore<-sure, rpm, and mixture strength One of these ma.nife.!IUI itself in 

a reduction of pCl"rer with ir-,c...-,,.ase _;. Ue tempe-.,~1...~ o. tre air entering the carburetor The magnitude cf the etfeet 

Ht-ere 

Tc, - '""' ,tsolt.t t.e'7oerat1...:-<> cf tJ-,e carburetor air under the canditions producing 

F'"l'P0 (ie- it ie the tempera"b.lre in degft'BS Fe.hfflnheit plus 459.4) 

T = tre ab.!lolute temperatllre cf the carburetor air under the conditions praiuci.Dg BHP. 

The second S"t.ch effect is an observ-ed reduction in pawer with increase in the temperaillre of the air entering the 

cooling process !or an air cooled engine Al thcugh not so well supported by the exper:l..mental evidence &.!I in the ease 

of earbuffltor air, the ma.gm tude of this effect is ordinarily expressed1 



where, 

To and T = the absolute temperatuni o.f the cooling air but are othenr:tse AB defined above 

The primary effect of tEnnpera.ture upon t.he brake horsepower is then 

BHP = Bffi'o~t i~L ------------------------------(4) 

Pr-opa.l.sive F.,t.ficiency ..- '!) 
If prop.11.sive efficiency, 'f) , be plotted as contours upa:i the standard POifer coe.f!icient versue advance ratio chart 

(Cp n :n @J ),. the resu.lting diagram \see Fig 1 for example, !lbich has beei:::i prepand ftom the dat.a of Ref (C)) will 

L.,_dieate, in the region represent..!Ltive of climbing canditione (ie1 c0111parat1vely high valuee o.f Cp and low valtles of 

!...) , that, at a constant value of L, an increase of Cp ie aeca11panied by a decrease in efticiency s.nd. also that at a 
ND ND 
con5tant value of Cp, an i"lcrease in Lie accampenied by an increase in efficiency. '!'h:lis sitD.atiCIJl msy be SWllllaTized 

ND 
by the follolri:ng equations 

constant• A\- ___________________ _ 
=B 

constant 

(5) 

If it can be showc that the val1..es of A and B, so de!'irl.cd, remaLTl reasonably constant aver the ranges of Cp and L 
!ID 

respectively resulting £ram eny te!llperafu.~ changi3 which must be dealt with and also the vaJ.ue of A 1:! rubstantialfy 

inde]:endent of MY ftlue of!... and that of B 9llhstantially independent of any value or Cp either cf llhicb Dm.st be C0lll!!lidel'8d1 
ND 

then the rate at 11h:1ch efficiency- .changes w.:I. th both C and L is sU'b.!;tar:rti.ally 
p ND 

d") = AdCp + "%; ________________________________ (6) 

In order to :indicate the nature~ magnitude and 'VJiriatiOl"I of the values 0£ A and B with Cp and!..., Figa.res 2 and 3 
ND 

have bei,t prepanid f'rcm the data. of Figure 1 These data indicate the assumption ot appropriate constant values of A 

and B to be a reason.ably close appraxirnation to the actual variation of") 

Now 

Also1 

'll'here, 

ie, 

.r,23073 

C - p 
P - ~N3D5 

!...-~ 
ND - No 

p = atmospheric pressure 

T : absolute air temperature 

-}-

(This is further discussed bel011J) 



At a constant indicated airspeed1 

!'...a~ =(r 
Vo "\r ir'; 

NOif Die a canst.ant !or a given airplane and with a eonstarit speed propeller, N 111 abo ccm.sta.nt The effect of temperature 

upm p hal!l been separately conl!lidsred above Since p = BHP, the effect o£ tempera'blre upon Cp and~ is therefore al!I 

toll.on, 

and, 

or, 

and, 

aleo1 

Assuming !_q) 
T c 

= .!2) = .!£,, which appears likely al.1RLY!ll to be nearly true1 
T r T 

!'....=!'....)I! 
ND ND 0'i T0 

dCp=O!(t):O \_ ___ _ 

~ ~)td(~ = ~ •~)j 
- - - - - - - - - - - - - - - - - - - - - - (7) 

SU'bcltltntinl thHe val.uH ot dCp BDc1 d!...1.Dto equati011, (6), the n.'b!I of change of propilsive efficiency with ab11olute 
ND 

temperatnre :ratio ia obt.ai.ned as follan1 

8Dd efficiency as a fllnetion 

_ NDodT 

ot ""';••~•olute temporalure 

- z"Tl:'. To ., .; 
= e!:...) IL ~ k 

ND o~To 

k • ■ CCIIStant 

ratio may be obtained by integration thus1 



... n, 

~
0

: 1.000, 'f)= 'l)o 

'1'heretore1 

')o=-.Y.e-) +• 
ND o 

1., 
k =')o -B iff)

0 

SUbetitutlng tbis vs1u.e at k into tne above expnsaion tor"<) 1 

= ")o •"ii}J~f.-1) - - - -- --- --- - - - -- --- - ---- - - -- (8) 

'.Tm:P:!;t HONl8P"!'ff Rf9U1red - fV) .. 211'2 
- iioo' 550 ef;iv 

It hBe been shairn abO\l'e tnat1 

and, at c:cnetant indicated airspeed, tbatr 

V :'V-(T 
"'iTo 

SUbl!ltibJ.ting these '9Bl.ues into tlle expressiOll £er thrnet horsepc,qr required (equaticsi (J)h 

' 

ie, 

~. ~ rvi(!...\ ¾ _,2w2~---
'l'flPr = T ToJ +- 550-( fo To eb2v0 1"L 

lJ.00 T "ffo 

TaPr: 'l'BPr fY 0, To - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (9) 

Hcnnner, when 1'RPr :: THPr
0

, C ■ C 0, BHP ■ BRP0, and") = 1)0 • SUbatitutlns theee valuH into aqu.at1on (1) Bnd solving 

for 'l'HPr
0 

gi:ns1 

'IHPro • BHP o V'\o - :33~'5 

and, tba:refore from aquati0J:1 (9) r 

TRPr - BHP ,n ,I'£ - co'I rI:' - - - - - - • - - - - - - - - - - - - - - - • - - - (10) - o-,o,ro ~To 

Rate Df Climb : C 

All ct the elumiW involved in the basic climb aqua.ti.en (1) hn9 t:em,. :related to temperature 1:IJ' eq:uat:lcms (4), (S), 

and (10). Wbn these are imbetituted. into equtl.cri (1) the f'ollawi.J11 n11Nlta1 

-s-



= c
0 

\T +33,000BHPoY\o ~) ri;\li- G fi:~ IT\~ ,,1_\L)~ ______ (ll) 
'iTo W ~TJ.~T+L "4~Tu ~Tol Y\ 0 \ 'Ir ' <. r -I o '.J 

DISCUSSION 

Equatimi (11) is 8tr:1etl~ applic,.ble to the- rete of climb for an airplane equipped with an air-Cooled engine and a 

ccmatant speed propeller ll'hen operated at a ecmetant indicated airspeed and under such po'f'erplant operating condi t.ions 

as to make possible the maintenance of constant manifold pressure and engine rpn. and also when and cnly when the ratio 

of initial end fir.ial values of outside, darburetor, and cooling air temperatures (absolute) are identical and the rate 

✓ 

of change of propilsive efficiency with advance ratio at constant POifer coefl'icient is constant aver the r~ of advance 

ratio prodnced by a:tf1 tempera1nn, change for 'Wbich it ie desired tc apply the equation 

It cannot be applied in the case of an airplane not equ.ipped ll'ith a constant speed propeller 

The remainder of the llmitations upon the general appll,cability of equation (11) are diseu!!sed below 7rhere certain 

moditicaticns are derivad or suggeated 1n ord!lr to obviate these llmitations or to simplify tbe equation to improve its 

practicability. 

9P9ration At a Fixed Throttle Setting 

For an unaupercharged engine oparating at a find throttle eetting the man~fold pressure is substantiallv independent 

of CartRiretor air tempera:blre. The limitation ::,tated abo,re, that the manifold pressure remain constant, is met and 

equation (11) is applicable 

For a 1111parcharged engine at fixed throttle, however, the effect of carburetor air temperature is such that an increase 

in tem.pera'bl.r,;i is accQlpanied by a r,;iduction in ma.nilold pressure Page )1 of Reference a indicates the n&ill?'8 of the 

relation, of the ratio of suparcharge:r outlet to inl.et pressure to the temperatllre of the earbJ.retor air, The outlet 

prHBllre is sub:Jltantially the manifold pressure and the inlet pressure, the atmospheric pressure The slope of the lines 

appearing in the referenced diagram may therefore be taken to be the rate of change lfith respect to carburetor air 

tempera'bJ.re of the ratio of mBlllfold to atmoepberio pr,;,asan!!I, .ie 

l!ll.opa • 

' 'l'be diagram 1nd1catas that this slope is a functian of both the pressure ratio and 'tc Values of this slope have been 

read at ,raluea of tc ... o0, 50°, and 100°F and at the corresponding values of the Pt"!Hllr,;i ratio and appear in Figure 4 as 1 

.r.2.:107_;, 



U 1:ba maga:i:blds of' the changes in ttie tempers:tnre and the reaul:t&1.t changes in the prHsure ratio which !DU.et be dealt 

with be asSIIJll8d small encugh that the above rste remains sensibly canetant When tile temperature changes., then: 

a!!!'. 
'JI!-: a canstaJ::it :E 

C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - (12) 

'!'he abcwe described change ln manifold pressnre is of' COllJ'Se acccmpanied by a corresponding change in the brak.1111 

horsepower aa.tpt1t or the engine. The standard. Sea level pOlrer chart of mJP 'V'!I MP • N indicates tbat the rate at 'lrbich 

thb cbanga in poirer takes place le., at canst.ant eng:l..ne l'(ID., a constant which may be read directly £rem the charl and 

the altitnda chart assume!! thie rate a canst.ant., ie1 

~ = A oanstant = F 

dBHP = FdM'P 

Sabstitu.t:lng this value or dllP into equati.an (12) gives, 

dEHP : pEFcl.Tc 

Integrating, 

BHP : pE:FT0 • kJ. • · • • • • • • • • • • • • • • • • • • • • • • • • • • • (13) 

WhBD Tc = tc0., BHP = BHP 0., anch 

kl_ = BHP0 - PEFTc0 

Substituting thb value of lq into equ.atica (13) give111 

BHP= pEF"l'c ~ BHP0 ~ PEFTe
0 

.: BHP0 f- pEF(T-To>c 

and combining t!de wit.b equatian (4) prev:i.ausl.y derived, the total effect of te.mperatare upon BHP becanes, for the case 

under cansideratiaci 1 

p = atmospheric pressurs in inches or mercary 

d!!E 
E - _!_ which may be read f?'QII Figure 4 at t.be in:itial Yalues of ILP, p., Tc• 

dTc ... ,, 
F = dM'P) which ma,y be read !!'am. tbe engine pcwer chart for the init!..al 

N • constant 
values oz M.P. and w. 

If equation (4a) be su.betituted for equation (4) in the development or equation (11)., the following result81 

.,,_ 



C 

(To-T)j - - - - - - - - - - - - - - - - • · - - · - · · · · · - · - (lla) 

L1guid Cooled Engine Installation 

The temperat\ll"EI or the air er:rterlng the cooling precess ill a liquid cooled engine atf'eC!ts the power 011tpu.t or the 

engine only in so far as it affects t.he tempera1ure of the coolant The temperature of the coolant 1s 1 b0lf8Vflr1 usually 

thermostaticall:f controlled and remaJ.ns B11batac.tially canst.ant once the engine is warned up and operatl..ng equillbri1D11 

eat&bllahed. Under such coruli tions the power GU.tpit ,rauJ.d be independent of coaling ai,r temperature and tbs term in 

eqa.ation (4) t,o accC111J1t for this temperature DD.1st be eliminated, leavingr 
BHP= BHP~e _________________________ _ 

'ltl1s term JD11St also be elimi.nated from the derivation of equations (7) and (8) 1 1e1 (see page 4) 

sg,BHP~~ •T.\To; 
C Po BHPo ~ ~-;-{ 

or, making the aame assU111PtiC111S canceming I.. and !...) 
To To c 

CP: CPo ~ 
if,; 

and equetian (7) becomes, 

• • - - • - • - • (4b) 

\t)} 
---------------------------m> 

Than, 

and equatim (8); 

Finally, equation (11) beecmes1 

C : C 0 ~- OJ} ~BHP,") P Wl L l-

Propeller Characteristics 

In order to indicate a region on Figures 2 and 3 appropriate to climbing £light a point baa been located cm. each or 

the f"igures to represent for each of the 35 airplanes of Table I the values o1' C p1 :n and') cornispondi:oe; with climb 

at sea level at METO power at best rat.e of climb speed S= of these SJ.rpluies are equipped with two blade propellere 

and in such cases the value of C p used in these figures is the actual value divided by O 70 to make it correspgnd with 

the three blade charact.er:istics of the fl.gu.n,!!lo It may be noted. that all these polnt.s lie -.:!..thin the !ollcnrlng ll:m:its 



'1 - .w, to 785 
,tr 

P : .030 •• 110 

~ = .400 to .eoo 

Appropriab3 lines 'bom:ldi1:1g t.he area emtained llitbin these limits have been drawn m F.lguree 1 and 2. The cornen 

of this bcu.ndary have then teen relocated to car:raspQlld with departures of a:ttm.de air temperatura :from. init.1.al condit:I.QIUII 

8Uch that fY = 1 10 and \L = Cl(). These wculd ;re.present temperatures of l670F and -39o:F at see. level or 12!i°F &nd 
'\To ~To 

-68°1' at an al.tibJ.de or 10,000 feet :respectively when T0 is usumed to be the standard W,mpera"tnre and --ani pNm&bly in 

excess or any temperature variation lill:ely to be encCIUJltered.. '?he variation of the slopes, A •~and B • ~ witbin 
dCp d!..: 

ND 
the OI'l._ginal. area is repre:!!ent.e.tive of that lllcely to be due to dU'i'erences amODg type.s of airplanes-while tll.e variatiCIIJ 

between bcnmds.rles of the tire extreme areas is repre:sent.atiTI! of that due to the ~remea of temperature- TBriit:lan 

like-ly to be enct11ntered. These variations he within the tallCll'fing li.mits1 

.U rrJ ane to ilrpl.ane TSlllpBratu.re to r-per&t;u.:re 

- l 35 to -2 8~ 

•=::Jl = +17% •• -1,7~ 
mi 

'l':bese limits hldicate that 1n order to establish values of A and B with very :much pl'l!:lcision, it is nece:isary to U.!le 

Figures 2 and J or their equivalert and in any event, this may alt well be done since Cp0 and :O 
O 

mat be known in order 

to apply- any of the three altemative f'orms of' equat:ion (ll) a.nd these values locate an appropriate point 0C1 the i'1&J,ll'lll!I 

at which the eorrespcmding values of A and B may be determined. 

'lhe m::tent to which the charia.cteri11tics of the 6101 blade three 'ct1ada pM_peller is repn11sentative of tbo11e or any 

constant speed propeller likely to be encauntered is' a quel!!tian upon which it ic: very difficult to shed J1D1eb light. lt 

ap~ars desirable, however, to µse the charactertst.ies o.r the ac."b.lal :propeller if these are available particularly it 

great accuracy is necessary or desira.bl.e. 

Carburetor, Cooling, and outside Air Tempera"b.ln, 

The temperature of tt,e air entering the carburetor is ord1.narlly above that of the C1Ut.side air due either to the 

beat absorbed fran the epgine or to a cert.a.in &mCIWlt of compft!ISSiOD in the intake process. It ma.y also be higher due to 

the deliberate applleatian of heat to prevent the formation of ice 1n the intake ay&tem In most of the CliHS -1th 

which tbe Civil AerCll&u.tics Adminietntion hae had experience the carburetor air temperatu.n is of the order oor to 15o:r 

above cutrlde air temperature when the heater cmtrol- 11!1 nFU11 Cold" ,Uso when .f"lll.l heat is applied the earba.retor 

air tempen:tu.re rarely exceeds the outs:i.de air temperature by more than 1200F, and this heat rise tends to decreue w1 th 

increasing outside air tampera:tu.re Under 111ost operating condi tians the heater is not used 

For conventional installation of &:1 ai:r cooled eng::l..ne, the temperature of the air entsring the cooling process b 

substantially that of the wtside air For engines bllr:led deeply inside the airplane structure it ei.ppea.re posrlble that 

the temperature of tbe cooling air miglit be elevated by compression in the intake du.et. 

-9-



paaaible Simplificat1cms 

The anly dmplificaticn of t.he variou.e alternative form of equation (11) which appears warrsnted under any likely 

eircu:matancee ie that made possible by the assumption already made ill the derlvat!cm of equation (?) abcrveJ viz, 

Upon this baeia, equations (11) 1 (lla) and (llb) becane1 

~ ~-ll'f -~l1-i)] 
C: Co~•33,00~Bt1P.,))g i" ~-(tf _ Jl~:(i-*)li+ 

- - -{ll') 

- :: (To-Tj - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -(11•') 

~ 

In ordar to illustrete the aPJllicatia.i of the eqn.aticns as well as the effect of outside air temperature upon tbe 

rate of climb, the variation ot two typical rates of climb for the Douglas DGJ-sJ.C:30- airplane at t.ro altitudes 11111 be 

calculated aver the range of cu.teide air temperature likely to be enccnmtered 

Fc,r tJrl.■ pi.:rpoae the airplane will be &i!ISlllDBd to operate at a -.eight of 25,200# and Y:ETO pgwer an the operating 

engl..ne(e) The best rates or climb with both engines operating and lfl.th one engine inopere:t.ive and its propeller 

feathered with, 1P. each case, the airplane in the 11clean" ca:i.figuratim (ie: wing naps and landing gear fully re­

tracted), each at :iea level and at 10,000 feet are selected for the purpose. Under stands.rd atmospheric conditions 

these rauie of cl:l.mb are am follOIJS 

C121.,f:iguratiCB1 

Both F.ngi;nee 

onel!ngino 

Sea Level 

940 

295 

10,000, 

109 

The sngine ae'Wally 2,netalled in this airplane is an air cooled engllle and at Bea-level, -.rill be asSlllllBd to o;pa:rate 

at eonetant manifold pressure •bile at 10,000 feet altitD.cle the opeiration lfill be assumed to be at fixed (1'1lll) throttle. 

TtLe eea lnel varlatiCID. oi' rate of climb will alao be calcul.ated a.:sswo1ng a l.1.q,uid cocl.ed e.ngi.ne at ccmat.ant man:ifold 

pl'll8811N to 111.uatrate that ease The propeller gear ratio i.:i 1619 and the propeller diameter ll•--6q 

'Ihe valu!U!I 0£ the termB in tha var::l..au.e fo:rma of equation (ll•) wlu.ch W'i.11 be u:ied for tbe pu-pose and the calculatim::te 

are ae follan t 

.r .3:J073 



Sel r-.1 

To = 518.4°1 (59° r J.59 4°) 

p : 29-92 "Hi• 
BHPo = 1050 par engine 

l(P = l!Wlif old pn111snre = 41 ,51 :!Jg, 

~ 
E =ft;;',. -,00058 (see Flg,4) 

F • ~: • • 29.0 BHP/IIJ!g. (see Rsf,b) 

Both J!:llglne8 tkJ,e Fil glne 

V: 130 IIPH 110 MPH 

V .Y;J. .srn iffi = 0 

Ciio = .089 .089 

Y)o = ,760 685 

A-~ -
- c:ICp -

-1,90 -i2,60 

B :~: ... 650 r 650 
d.!.... 

ND 

For the air-cooled engine actually installed, equation 111 applies as folli:ms• 

t -20 0 "?0 •40 ..60 &SO +-100 •120 

T 439,4 459-4 479.4 499,4 519 4 539 4 559-4 579-4 
To 1 ltll 11:,0 1,082 1,040 l 000 .962 ,928 ,896 T 

#a ,920 9,40 ,961 ,980 l 000 1.020 l 039 1,057 

(~0)f ?BO ,B32 ,886 94.2 l 000 J. 060 l 119 1,182 

33,000Bl!Po~o !2, 
2t476 2,)62 2t260 2,174 2,088 2,012 1,94£) 1,672 w T 

m ~\l1-fo) .. 
.l;i t-,0475 • 0356 •.0231 •.ou9 0 -,Oll.9 -.0231 .0338 "" Y)o To 
Ji: 
5 

Co~t 

"426 "313 f205 .. 122 0 -98 -l86 -'Z78 cB 
6665 ~ _!2Q.L ~ ~ ~ +976 ~ --

C +'l,291 •l.,196 H,l.OB .. 1,04-) .. 9-40 "860 "'190 "'ll.4 

3J!OOOBHPo!) o To 
w T 

1.239 l,lSl 1,130 1.087 1,044 1~006 970 936 

~) 
m ~(1.,fo) •.0445 .. ,0334 ... 0217 +,0112 0 -.011.2 -.0217 -.0)18 i:: 
"& ')o o 
~ 

1'217 +19} t-104 0 ..... 9 -94 -l4l .. Ac "'51 
g 

Co~ ~ ...31L --2!!!!.... ..222.. -22.L ~ ~ 312 

C 1'489 wJ1 •388 •J4l .. .295 "'252 .,;?]2 •171 

.r:i:,,0.7.:1 
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For the equi:nlent liquid cooled engim, equaU011 {Ub•) applies as f'ollC1101 

t 

T 

I.. 
To 

%a 
ACp0 

~) ND o 

3JiXlOBHPR!I o~ 
• I' T 
"' C 

~) .... .., 
ACp0 • NJ) o(l•~) j 

.c 'r)o To 

.... 

.1! ll, C 

Co~ To 
C 

ACp0 

~\ 
331000BHPsi!) !I~ 

I' T .. 
C 

~) .... 
'-
~ .A.CpQ + HD o l 1,fo) .. 'i'j o :ro 
8 

AC 

Cofo To 

C 

1.0,000 tt altitude 

To= 482,BDF 

p = 20.6• Bg 

BHPo .. 960 per engine 

MP : 361 Hg, 

d!2 

-200 

439-4 

-847 

.920 

-.169 

•.450 

2,210 

• 0296 

•200 

865 --
1,145 

- 232 
... :3132 

1,1.so 

.. aJ.'1'1 

•l.53 

268 --
421 

E = _!_ • -,00135 (see Fig, 4) 
dTe 

00 

459-4 

.885 

■940 

-169 

• 450 

2,220 

... 0222 

T220 

883 --
1,103 

-.232 

... 392 

1,125 

• 0131 

•113 

m --
391 

F : d.BHP : 31 0 BHP (Sae Rat. b) 
dJ,IP "'Hg 

~ ..w ~ 

479-4 499-4 519.4 

.923 .962 l 000 

.960 .9110 1.000 

--169 -.1.69 -.169 

•-450 •■450 •-450 

2,180 2,135 2,095 

... oll.8 ♦,0074 0 

.. 136 ~5 0 

902 921 ~ -- --
1,038 986 940 

- 232 --232 -.2)2 

... )82 ... 392 t' 382 

1,090 1,06'7 1,047 

t-,0088 .. 0044 0 

..,,, •36 0 

2!i.. 289 295 --
359 325 295 

.ao .. 100 •120 

S39o4 559o4 fflo4 

1.040 1.0?9 1.117 

1.020 1.039 1.057 

-.J.69 -.169 --169 

•■450 •■450 .,-450 

2,050 2,015 1,980 

--0014 -.0144 -.0211 

-(/I -130 -190 

~ '1'16 ----22!. -
892 846 803 

-.2)2 -■232 -.232 
... 3112 • 382 .. 382 

1,025 1,007 990 

- 0044 - 0085 -.ous 

-36 -'n -103 

301 ~ ~ 
265 235 209 



Both Engil'les One El:igine 

v .. 145 MPH 124 MFH 

~\= ,773 .660 

C_po ;;; .110 110 

Y) 0 .. 750 690 

A .,.m_: 
dCp 

-2.5 ~-5 

B '° !!:)._"' 
~ 

510 .641 

For the air cooled engine actually installed, equation (lla') applies 

t -20 0 .-20 94-0 "60 +80 +100 .. 120 

T 439.4 459-4 479.4 499-4 519 4 539 4 559 4 579,4 

T0 -T "43-4 +23 4 .. 3.4 -l.6.6 -J6 6 -56 6 -76 6 --96 6 

!2. 1 100 
T 1. 051 l 008 ,967 930 696 864 834 

~ ,954 o/15 996 l 018 l f'l:38 l 057 1 077 1-091, 
' 

. 
(~ .868 926 -989 l 055 1118 1181 1.249 1 • .310 

33, OOOBllP o ~ 0 To 2,r:n5 1,985 1,902 1,823 1,753 1,690 1,630 l, 5'11 w f"" 

~\-'0-{t) .-ow + 0131 "'0021 - 0095 - 0200 - 0300 - 0405 - 0495 ., Y)o Ta a, 

~ 
"' 

~o (T0 -T) C - 0195 - 0105 - 0015 + 0075 "'0164 ., 0254 + 0344 ... 04.34 ~ 

:S 
r& b,.C •264 .. 1.32 •20 -78 -189 -296 -394 -475 

Co~ 658 672 W7 702 716 728 743 755 
Ta --- --- --- -- --- --- --- ---
C 922 804 707 624 527 432 J49 280 

33,000B!:!Po:'.no To 1,039 993 951 91.2 em 845 815 786 w r 

8in) 0 (1- ~) •.0282 + 0153 + 0025 + 0ll0 •.0233 +.0350 ,. 0471 ... 0576 

.. Y)o o 
C: 

s'o ~ (Tg-T) -.o:;90 - 0210 - 0031 + 01.49 + OJ28 ..- 0509 a. 0689 • 0869 ti ., 
b.C .,.1.49 + 80 .. 11 -54 -Ul -165 -21.S -255 ,::; 

D 

Co~ . To 
_}Qi_ 29-2... .....lQL __llL _ill_ ...Jdi.. _.l!2_ ---1:!L 

C ... 253 +186 +1.20 ~ .-2 -50 -101 -1J6 

1.'lle results of these calculations appear "" cul"Ves of rate of cliJDb 'nlrsus air temperature in Figure 5 
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wei~ht upon t~e rate of c~ange of climb nth temperature therefore depends upon t~e relation between these two rates of 

climb =ind upon the effect of cower and/or weight upon tt-e ~tual rate of climb If, for example, a ten percent increase 

in P()Wer inereaSPS the actu~l ratP of climb bv 251, tbe rate of change ot climb w:lth temperature 18 unaffected If tbe 

lOi'. incl"€a:ie in power increases C
0 

le99 tha."l 25S', the temperature effect is increued, if C0 is increued. by more than 

25%, the tem?erature effect is reduced 

discussed in Ref (d) 

The re1ation between weight and the ~tual rate of cll.m.b C
0 

ie established and 

PREPARED BI 

J,- A 
APPROVED BY ~ /- :_ ,''J.-u..r--

Chief, FHl"ht En;;'inPerinr & 
Factory Insoection n, vision 
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CONCLUDDIG HDW.KS 

'!he rate at which climb ie affected by a change in air temperatu.re, ie1 the feet per 'm:lnute Ndnct.1.on ill cu.b Pff 

dapee ,abre1:lheit increase 1.a tm.perature, may be obtained by differentiation o! the appropriate nrs:ion or equat.im 

(ll). '!he dm1.vat1.~ of eq,ia.U.an ("'-1•) iz1 

dC dC Co '.'3,000E11Pol) 0 f_ l To ~) 0 (~ ~l 
.. ·.,. 2V0 ' - w l'·vo• • r> "v\: .. ¾ - ,.. JJ 

'lben ■eeaada!7 eftecta a.re &llminated by caJ.ling T• T0 ::11 500°F and subati tlJ.ting the follmdng typical Yalne1 

B : o.6, 

:n) • o.60 
0 

~o =0,70 

thie beccmee1 

dC OOlC _ 331000!ll!Po!) o l 01 ( ,l 6 111P di = 0 w .a • .002 •-S57 001 - 002j = 001c0 - s .s T _______ -(14) 

'!bde eqnat1on11 indicate tA toll01rl.I1g1 

1. For a given airplane the magnitude or the et:f'ect of a given change of temperature upcm the rate 01' clillb dlCJ'WUII 

witb increase in the geJleral level or tbe two temperaturee bet-men which the change occur:11 ies: tbe etr.ot. 11 1maller 

at cmpar■ti'ftll.1' high than at ccimparatively lo,r temperatures Thia fact ia also indicated by the ccmca'l'ity upard at tn. 

ca.ma of Fis. s. The err.ct of a temperatu'N rl.ae of a:ioy frCIIII -200F to oor u:r,on tho rate of cllilb "1th. 'botb en,iDII 

operating at 19e■ 1.nal is to red:D.ce the cllmb by 90 feet per mj.IJ".1te. whereas the reduction in climb dDe to tbe Hme 

t.paratu:re rl.ee tran 100°F to 120°F is cml.y 70 feet per minute 

2. For an airplane i:-limbing at a given pgn,r loading, arrt increase in rate or climb 5\lch H might obtain fJ'CIII 

gnater aerod;,'namic retinedl8nt or the airplaDeJ thus reducing the paqr required :Cor level flight at UM el'lalliq; 1paed, 

wUl al:,190 rwmce tho magni.tnde of the erfect of a given change or a.ir temperature upon the rate ot cllab. 'l'b11 1a 

ele&rly imicated by equa.t:lcn. (14) 

3 0 As a corallary of 2 abGH, for an airplane operating :1n climb at a givell power loading t.bl greater the re■ultJ.Di; 

rate of climb, the 8aaller the etfect of a given temperature change upon the rate of climb. Conailmr tor example ttt. 

ean9 labeled 11aaa leveln with cn.e engine inoperative The rate of climb at a teaperatlJ."' ot boo, 119 29S Ft /Min. 

J'rm. ttqo.&tian (li) the rate of change of cll.Jll.b with temperature is1 + .295 - 2.355 = -2 06 tt. per lllln. par dllg:ree, 

Fahnaheit. If, h0"9TI1r, t.be initial rate of climb were 600 :Ct /min rather th&ll 295 It /min., the rate or chanp woald 

:beooa •• 600 - 2.355 = -1 755 ft ;m:1.n ;ar. 

4. Fer a gi"ND airplsle, the effect of changee in power Ql' •eight upon ttie rate or change or el1m'cl witb teap■ ratun 

ii la■e liaple. It 'll/8Y be noted. !rem the derivation above that equaticm (14) states the rate of chanse ot cllab ii eq_gal 

to - tbauandtb or tbe rate of climb actnall.y available m:lnua epproximatel.1' tvro and one hal.£ tbmiaanclth• of the rate 

of alillb 11bicb woa.ld G:i.st if no power were nquired. for lewl filght and all poffr therefon, available !or clbb. 1'bl• 

latter :£1C't:ltiaua clillb :ls din,ctly proportional to pa,R!r and inversely to eight.. Tho effect or a cbanp in power or 



TiBLE I , 

PROPELLER O?ERATJno CONDITION~ J..T 'BE'3T RATE OF er.nm AT SEA LEVEL 

AIRPLANE ~ 
L '1 .Jl!L 

1. Beech C•l7-B ·'"' .656 .?11 

2. Beech D-17--S .cncn .553 -714 

J. Beech 19-5 cncn 61 .71,h 

4. Bell.anca )l-50 .0670 -499 .688 

5 Boeing 247-D .087) .67 .750 

6. Boe1.ng s-JCfl .0649 .637 .'n2 

7. Boeing SA-307-B 0649 .637 .'n2 

8. Boeing A-314 .0332 .568 .787 

9. Dcugli.s DC-.2 (11F2B) .0601 593 759 

10. DCR1glas DC-2 (ffiA) .0661. 614 .759 

ll. Dc,u.glas DC-3 (W0102) .0627 590 .753 

12. DCltlgla.s DC-3 (W0102A) .0547 .565 .754 

13. Droglas DC-3 (WG202A) .0691 .605 .749 

14. Douglas DC-3 (!!<W SlC3G) .0890 .694 .760 

15. Dooglas DC-5 .0565 .601 .771 

16. Grumman ~-A .0591 .546 .737 

17. Lockheed 10-A .0441. .479 .685 

18. Lockheed 10-B 0470 .495 727 

19. Loekboed 14-112 .0931 .m .784 

20. Lockheed 18-o?' .0931 .717 .757 

2l. Lockheed 18~9 0836 .685 .759 

22. Lockheed 18-50 .108? .m .755 

23. llartin 130 .0487 .532 .746 

24. Sikorsky S-4()-,11. .0466 -417 680 

25. Sikorsky S-42-B .0519 .553 0 755 

26. Si.konk;r S-.43-B .0565 .570 .756 

27. Sikorsky' VS--4,6-:l .0580 .620 780 

28. Stinson SR--61 .0371 .434 .681 

29. Stinson SR--BB 0308 .420 .72l 

JO. stinean sa-ec .0340 -403 705 

31. Stinson SR-8E 0536 .419 .66o 

32. St1naOD. SR-1:JF .osss .4h2 .682 

33. Stinsm SR-lOC .0350 -409 .705 
, 

34. WACO EGC..17 .04()6 .)97 .678 

35 • WACO EOC-8 0406 397 .678 

.,J-:/307::, 
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