NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

March 1942 as
Advance Restricted Report

A METHOD FCR THE DESIGN OF COOLING SYSTEMS
FOR AIRCRAFT POWER-PLANT INSTALLATIONS
By Kennedy F. Rubert and George S. Enopf

Lengley Memorial Aeronautical Laboratory
Langley Fleld, Va.

-

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - k91



http://www.abbottaerospace.com/technical-library

3 1176 01364 3393

A METHOD FOR THE DESIGN OF COOLIRG SYSTEMS
FOR AIRCRAFT POWER-PLANT INSTALLATIONS

By Kennedy F. Rubert and George S. Knopf
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INTRODUCTION

A method of organizing design caloculetions for the cooling systems
of aircraft powsr-plant installations has been developed for use by
representatives of airplane and engine companies invited by the¢ Materiel
Divislon, Army Air Corps Liaison Cfflce to participate in the activi-
ties of the NACA power-plant instelletion section at the Langley
Memorial Aeronautical Laboratory, Langley Field,. Va.

A schematlc arrangenent of a heat exchanger with a cooling-alr
duct is shown in figure 1. The system consists of three parts:
(1) the entrance duct, which slows down the cooling air and converts
most of its dynemic pressure to static prussure; (2) the heat exchanger,
in which some of the static pressurc is lost; and (3) the exit duct,
which converts to dynamic pressure any surplus of static pressure
above the value at the exit.

At station O in the free stream ahead of the entrance, the air
has a static pressure P,, a velocity V, relative to the duet, and
a dynemic pressure ge. As the air spproaches the entrance at
station 1, its wvelocity decrcases, and the dynamic vressure is partly
converted to stetic pressuroe. From stution 1 to station 2 the
velocity continues to deoecremse, usually to thu point whers the dynamio
nrogsure is negligible, with a corrcsponding further inocrease in static
prossure. As a rosult of the losses in thc entrance section, the
increase in static nressure from station O to station 2 is less than
the decrease in the dynemic pressuro.

The air on entering the heat exchangor is accelerated bccause of
the roduction in freo arca enrd on leaving is decelerated to a velocity
ogyual to the velocity at station 2. The internal resistance of the
heat exchangor causes a rolatively large loss of stetic pressure.

From station 3 te the outlet tho static pressure drops to thet of
the free stream, and the dynamic prossure rises to a value less than
that of the free-stream dynamic pressure by an amount equal to the sum
of tho losses of tho entire system.

The addition of heat to the cooling air in the heat exchonger
makes no change in these fundamentel prinoiples; but, in the caloculation
of the internal horsepower and the exit area, the effect of the heat
en the donsity of the sir must be teken into accoumt,
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SYMBOLS

duct oross-scotional area, sjuare feot
compressibility facter

wel ght ratc of alr flow, pounds per socond
statie prossure, pounds per square foot
pressuro loss, pounds por squrre foot

volumo rete of air flow, cubic fcet por second
tempernturo, OF nbsolute

temperaturc rise, COF

velocity, feet pcr sccond

accaleration of gravity, feot nor scoond ner sccond
dynamie prussuro, pounds pcr squcro foot

mass donsity, slusgs per cubic foot

rolative donsity 5-582375

width

|
E ] t)‘bnﬂtﬂ'dis ‘353'“'=5F”

Subsoripts:

0, 1, 2, 3, 4 strtion numbers ns in figure 1
ILLUSTR..TIVE EX/MPLES

Campututions solected from nn rnalysis rdo in conjunction with
one of the dosigns devoloncd by members of tho NACA powcr-plant in-
stallation section nrv usod to domonstrrto the system of calcule-
tiona. Design valuus that ogcur throughout ths oxemnle havo boon
selooctcd for the partiocular dusign undcr considerstion; where
possible, roforonces arc listod for sclecting similar values for
other types of dusign.

The power-plant installatlon wos dcsignod for n leng-range
bombor, powerod by four 2000-horscpowor ongincs eyuippod with turbo-
superchargors. The peortinont dcta for theo enginos rro given in teble
I and for the &irplene porformance rrc givom in table 1I,

& goncral arrengoment of tho power-plent instulletion is shown
in figure 2. All cooling cnd chrryo rir is trken in nt thoe nosc of
the oowling., Air for tho supercherger inteke, oll coolers, nnd
intercoolors onters through the outor rnnulus rnd flows through ducts
distributed sround the poriphory of thec ongine. Cooling cir for the
engine flows through thu inner annulus over the engino snd is dis-
chergod through outlots botwoon tho chrrgo-rir and the cooling-air
ducts.
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All cooling calculations are based on Army summer air, which has
the same pressure as standerd air (reference 1) but has a temperature
Lo% F' greater than standard throughout the range considered, Pro-
perties of this air are given in table III,

Engine Cooling System

Detailed computatlions for the engine cocling system at the high-
speed condition, under normel reted power at 20,000 feet, are pre-
sented in form A, which is the master form suggested for use on all .
cooling systems of the power-plant installation. The free~air con-
ditions for pressure, tempersture, end density are first selected from
table III for station O and entered in the form

Py, = 972 1b/hq £t
To - her F abs.
o ™ 0,001160 slugs/cu ft
From tablo II fer 20,000 fuet the high speed in Army air under normal

power ias 358 miles per hour, corresponding te V, = 525 feet per socond.
The dynamic pressure is

1 2
qQ=xpVs Fg

where the compressibility factor F; dorived from reference 2 ia

given by the relation o o 2
v,/100) V,/100
( 0/ +0.h22 ( O/l ) + easn
Th To

F, = 1 + 1,035

Therefore : 2
32
Fo = 1 + 1.035 5‘23 + 0.422 iéﬁggl— = 1,063

e ™ é-o.001160 x (525)2 x 1,063 = 170 1b/sq £t

Statlon 1 has been included in order to orovide in certain flight
conditlons for an inorease in prossure through the propeller or for a
detailed analysls of the losses for a complicated inlet dusct., For
the case at hend, tho computations of the vel uos for this station are
unnecessary.,
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The properties of the cooling air in front of the engine .at
station 2 are now required to determiné the amount of air necessary
for engins oooling. Inasmuch as the dynamio pressure at station 2
is amall, the computations may be simplified by aseuming that all
dynamio pressure exclusive of duot losses 1s converted to statis prea=-
8Ures

The two columns in form A under the heading Transition are for
recording the changes that oceuwr between the preesding station and
the statlon under conslderations The oolumn headed AP gives only
the losses of total pressureg oconversions of dymamie pressure to
statls pressure or vice versa are not inoluded in the values in this
solumm. The column for AT ghows values fur the change in tempera-
ture, regardless of oamuse, and includes both adlabetie ohanges and
ehanges due to heat transfers.

For the entrance duct ugsd in the design it is probable that
approximately 90 percent cf the freg-sgtream dynamie pressure ocan be
oonverted to statio pressure et the front face of the engine. 1In
other words, the entrance-diffuser loss is egtimated to be 10 percent
of the free~stream dyneamic oressure, 17 pounds per square foot.
Acoordingly,

Po = 972 + 170 = 17 = 1125 1b/sq £t

The temperature rlse due to adlabatic compression of the air
in the diffuser inlet can be expressed in terms of the velecities

e [ - (3]

This expression is derived from reference 3,

As vreviously noted, Vo 1is negligible, and the temperature
rise used for the computation is

0 832(-!&)2 = 04832 (5.25)° = O F
[ ) 100 [ )

Henoce, the absolute temperature of the air at the front face of the
engine is

T, = 487 ¢ 25 = 510° F aba.

The mass density of the air mey now be computed from standard
sea=-lovel denzity as followss
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Pp 8.4k
pp = 0.002378 X 5% x—%; _

P
= 0,000583 -,EE.- 0.001285 slugs/cu £t

The various engine manufacturers use different methods for ar—
riving at the amount of cooling alr required and the corresponding
prossure drop. All these methods, however, require a knowledge of
tha condition of the alr at the front of the engine. A typlcal ex—
ample of such a method is to be found in reference 4, For the case
of form A the required air flow is 37.3 pounds por second and the
corresponding pressure drop is 51 pounds per square foot,

The computation of the velocity at the face of the engline is now
roesible. In this case tho velocity i1s found to be about 60 feet per
second, not enocugh to make any appreciable changs in the static
pressure (-2.3 1b/eq ft) or in the absolute temperature (-0.3° F abs.)
at the face of the engine; hence, the dashes in the tebls indicate that
the quantitles regarded as zero are allowed to stand.

Behind the engine at station 3, the transition column shows the
51 pounds per square foot pressure drop given by the manufacturer and.
inasmich as the dynamic pressure 1s negligible, P3 = P2 - AP2_3
= 1125 — 51 = 1074 pounds per sguare foot. The temperature change
is tbtained by dividing the heat rejection from the engine (25,000 Btu
per min specified by manufacturer) by the specific heat of air and the
welght rete of air flow,

=2 -l. .-—%—- °
AT —5%-(;-0><6-:§1><37.3 o p

T3-T2+dr=510+h7=557°rabs.
It 1s unnecessary to evaluate the density at this station.

The pressure loss from station 3 to station 4 is estimated to be
5 percent of g, or 8,5 pounds per square foot. For simplicity, it
is assumed that the exit process consists of a pressure loss without
changs of temperature followed by an adlabatic expansion. The air 1s
therefore regarded as expanding adiabaticeally from a temperature of
557° F and a pressure of 1074 — 8.5 = 1065.5 pounds per sguare foot to
freo—gtremm static pressure at the exit, 972 pounds per square foot.
From the thermodynamic properties of perfect gases, the abasolute

temperature at the end of such an expansion is the product of the initial

temperature and the 0.286 power of the ratio of final to initial pres-—
sures
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972 0.286
T), = 557 (1333'?) = 5);2,56° F abs.

a temperature drop of 1L.LL° F.

The satisfactory ovnluaticn of the oxit vulocity requires an
accuracy of four significant figures in tho vrlue of AT ond
nocessitntos the use of logarithms. As this orocess is adicbatie,
the exit veloclty crm be obtaimed diructly from the temperanturs drop,
and

oo _v,i‘e.'
- T3a = -0.882 (100 )

V), = 100 -1-,-'-‘!3—“'32— = ;16.8 ft/g0c
. . Upon determinatisn of the density of thc -rir at the oxit and
by use of the nroviously obtrinod woight-flow rete, €1 volumc-flow

rate is found to be 1110 cubie foct ver suecond. At tne ‘uxit
velocity of L16.8 foct pur socond, an uxit aroa of 2 60 syu-re feat
is reyuircd. - .

The intornal powosr consumption of the ongine cooling sYstom is
obtained from thc rate of -chtngo of momentum of thu cooling air,

2.2 ©o550 - . 32 . 550

moight/seo , Vo (o = Wi -37.3 525 (525 - L16) | jop i

Owing to thd menncr in which the ‘now.r hrs bocon combutod,- tho
Moredith cffeot due to tho rddition of ho~«t is inelud.d. A dis-
cussion of tho rolstion of livrodith eff.ct to coollng horscpowoer is
givon in rorferounco 5.

The results of similer celeculrtlons on this rnd othur operating
conditions ovur en eltitudo raupgc from scn luvil to 25,000 fuct aro
given in tables IV, V, snd VI. Tho vari~tion >f ~ngine cceling-air
oxit rroe with altitudo and condition of Ilitht is »ruscuotcd
graphically in figuro 3.

Cil 'Cocler
It 1is ncoessery te sclook an-oil .eoolcr bufarc orbcneding
with the onelysis of thé systom contnining tho cooler. Becruss an
oil cooler cdoyucte for climo rt soa -lovel is usuelly sptisfaétory

for 'all othor flight cenditions, & prcliminrry ohoiqn is medec on this
ba51s.'
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Detn on cormereinl oll coolors t.rv ofton prosonted in curvo

form, ng shorm in figurc 4. Tho curvcs show the hoet transfor

Btu/min
100° F tump., diff,., ev. oll and ontcring sir

plotted a.xeinst cooling=-air flow in pounds por minuto for scveraul -
retvs of oil flow. An additionsl curve shows tho pressurc drop
rcyuirod to »roduec ooy flow ratu ~f staidmid sca-lovel nir, For
rey othur condition thy oreassirc drop is dotermined by dividing tho
veluo obtrincd from the curve by 63, the rolotive: decuslty of tho elr
rt the feec of the coolur,

The cagine sor.cifiertions in trblo I ecll for ¢ hunt rojuction to
the oll rt militrry nowr of 6500 Btu :wr ninubte nud for r temourrsture
of 1059 F for oil ruturidnpg Yo the wnzii.. The reto of oll flow is
135 pouwnds »scr mirute.  ith aa assun.d snceific lwrt for the oil of
0.5 Btu »or vound wr OF, th.a tenpuratir: dron of the oil throuash tho
cool'r is 962 F rnd ta. ~verc oo coolur temocr: tar. is 6920 F, rbsoluto,
Th: tonmoerrture of the rir «t the coolur fre., obtrinee in She srme wny

ra in the wngine cooling .xrmmi:, is 5G3° F. Irrsmuch ¢s5 Lo oll
coolirs which rre simil r with rig-rd to both rir . nd oil flow rr. to
be awed, the heet trnngice for orch unit is

6500/2 _ 2520 Btiy/min
(692 - 563)/100  100° F Qiff.

rné +the rr+:. of oil flou nur unit is 67.5 "ow:ds 9.r minute. From
fipurs L e cir flow of L15 sounds our minabt. is roquired with ¢ orcse-
sur. ¢érop of 7 inch.s of w tor in atrnderd soi-lcvel nir. In:.smuch
-8 the density of the rir +t “he coolur frec ril: tive to st-ndrrd sce-
lovel sir is 0.947, the retunl oregsur. drop is

From tnis noint on, the rmelysis for detoermining the duet v.dt area
rnd She interncl horscoyorcr is orveiscly the srmc rg thet for tho
cngine cooling-rir systom, Tebles IV, V, and VI include the results
of the computntions for r1l flight conditions cousid.r.d; oxit rrocs
~re shown ir figur: 5.



http://www.abbottaerospace.com/technical-library

Intorcooler

Tao fretors rmeainly detormine the sclection of rn intorcooler;
tho woipght rrtu of flow of wnginc chrrge rir nnd tho roquired inter-
cooler off.ctive:puss. The ¢ ffectivenass is doefined ss tho retio of
the tcmpernturce drop of %he cngine chrrgo rir as it gocs through tho
coolor to the tumacrrture differuncou botwoon the hot charge nir wnd
thc coolirg tir as they catur tho cooler,.

The temoerctures of the eir cutcring thu superch-rger crd the
cooliug rir cutoring the inturcoolir rre¢ doturmined in the sone mrnner
es is thu tompureturce of the fir ot the frce of the cngine,

The rbsolut: t.mporsturc of the air leaving the supcrcharger
T, is obteined from tho rel: tion

ool -

Ty = T
whore
T, ' rbsolut. b-mnereturc of ir unt.rinp sunurch: rger
Py tot-1l nressure of rir unitoring suserchrrg.r
Py totrl orossure of cir lonving svp-rchrrg.r
Thg tomporrturc retio cfficicney of supurcherger

As rn oxemplo, consider tho climb for normrl r-tod oowor nt
25,000 fcct in Army eir, tho tebulir computr tions for which wnponr in
form B. Tho ~ir <t thc cntrriice to the supirchergur nrs - prossurc
of 855 pounds wor syu ro foot =nd ¢ tumporrturc of Lg2° F, From tnble
I the reyuirced errburctor nressur. for normrl retod power is 28.1
inches of murcury. An ollowoncc of 1.35 inches of mercury is mrde .
for prossuro lossos from the suncrchrrger outlot through the intor-
cooler to thu carburctor inlot, nrkiag the neccss~ry suocrchrrger
eutlet nressuro 29.45 inches of mwrcury or 2001 pounds »ir squrro
foot., With o tempernturu cfficiiney reatio of 0.65, the sup.rchrrger
outlet tcmporrture 1s

0,286

12 {1+ Zgg;) -1 |} 690 F et
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i _The reyuired oerburvtor temporatury from teblu I is 1000 F
(559° F abs.) and tho cooling eir et the éntraice of e intourcoolor
is 1,820 F absolute. Tho roguired offectivenoss is thercfors

Tsuperchnrsgr outlet ~Toarburetor -

. - 699 - = 065
Tguperchrrger outlot ~Toooling-air inlet - L2

At normel power thu chargu-alr comsumptlorn, which must bu cooled
to this offoctivonoss, is 3.88 pounds pur second. The number of
possible intorcoolers to meot thcse conditions is unlimited but is
successively narrowed down to mect conditiorns of pressuru drop
avallable, spece limitction, rnd power royuired, The unit invosti-
g tod mensures & inchcs in tho direction of cooling-rir flow, 14
inchcs 1li1 tho din.ction of ohrrgo-rir flow, cnd L1.5 inches in the
ro-flov diractlon. Chrricteristices of this unit roplierble to uny
no-flow longth -ro »nr.scntod in figur, 6, (An cxplsrn~tion of tiis
typu of curvo is given in ruforcenco 6, Seguther with similer curws for
n vrricty of intercoolors.e Chrris for the dusigr of eortain tyaes
of tubulrr iptsrcooler are givea in reforcnezs 7 rnd 6.)  Entering
with :. chnrgo flow por inch cf width of 3.88 pounds our socond
<=L1.5 inchos 0.0935 poumd ner sceoona wr inch sives GEM,APQ for
the chrrge nir, n valuc of 5.6 irchos of wrt.r. Tho intwrscction of
this vrluc with r cooler elfuctiveunecas of 0.845 ludiectus 01,_.",.'\1’1
for thu coolirng cvir, c vrluc of 3,98 inches of wotcr (nd r cooliug--ir
flor rete of 0.19 pound =»er s.cond wxr inch, or 7.98 pounds o.r sceond,
neging the retin of conoling-air flow to cherge-:ir flow 0.19/0.0935
= 2,04, The tomnoreture rise of the coolirng rir is the tervoraturs
érovp of the ch: rgs rir divided by th: ratio of cooling nir to churge

rir; = 68.5° F, cnd the mern tempercturs of thu ir is tho

2.0l
tomerrtaro rt the centranco nplus one-helf this temporsture rise,

I;82 + 3.3 = 516° F absoluta. Corresponding to shis tumper~tury cnd
to r. nressure rt the entrrnee of 855 pounds psr square frot, the
rverrge rilrtive donsity of tho cooling air 0_1 = 0,105, ind thc

: - . . Cl.:8P . » ..
nctunl prossure irop of tk2 eooling cir is - 4—'% = 9,82
l"_lv 0' 5
inches of water, or 5l.1 nounds per sguars foot.

WWith the foregoliz informrtion it is now nrnssible to cormputo
the velocity of the cooling c¢ir rt tho coxit cnd the erren of the exit
as wos done for thu ongine-conlinz srstenm. About 76 porcont of -the
original dynsmic nressure for the climb condition under consideration
has been oxpended in pressuro lussos by tho timo the fir arrives ct tho
roor of thc intcrecolor. Tho cxit wvuloelty to bu croated with tho
rem:ining encrgy 1s so low thot oxcessivuly l-rgo oxit aross would be
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roguircd. Extonsion of exlt flaps docrenses. tho stetic oresuro nt
the duct oxit, making evaileble o greetir precssure differonce for ox-
polling tho rir, which crertes » higher oxit volceity crnd mekos a moro
rcreoncble oxit aron possible. The anclysis from this poiunt on
diffors fron prcvious cnses i ving unoxtended fleps in thet the pros-
sur. rt the oxit (strtion lj) is subatmosphoric by n flep boost cetimatoed
ts bo 0.2q, (16 1b/sy ft). Beeruso of the l-rge oxtcrunl drog
offeets in cporrtion vith eztondol flrps, intirnrl horscpowor crlculn-
ti~ns in this cosa ¢ro regrrded ns of littio or ne 7vrluc. Sma LR~
perimontrl nensurcments of the influcnce of flins on the prussure 't
the oxit rrl dreg of the rirples: rre givon in rofercnce 9,

The curvcs:ﬂnf exit rren r3 n function -f flight condition nnd
rltitude in figur: ¥ show thrt th. irtoressler invoestipg-tod is srtis-
fretory for cperrtion -t mnrrel r-ted p.avor but is inrlequerte for
military r-ting. Thc :wcd for & d-rgor intoresolaor eaprble »f
mooting the military reting is cpacront. If it is fourd unicsireble
to incrunse the no-flow longth -f tho unit, it will be noecssery to in-
vestigrnte ¢ differcnt type »f esre.

Duct Inlot Arve

Exit rnrens rro desipned to ceontrol the rrte of {low of nir
thraugh coolinm Jucts. The rruo of the Jduct ainlet 1is bescd on the
rrtic of irlct wveloelity €2 Clipht veloeity Vl/V_.) £ by cxperiment
t2 be optirkum with rogard ts the intorn~l wntrruco loss rnd the extoer-
nrl areg. In the scleetion <f the irlet <rea it hrs bour Irund can-
vonicnt t2 olnt curvos ~f ontr-aeo crzn cpniast the retio Vl/V'o for
och mrin flight c-.nlitim. As theso cuarvus ~ru hyperbolie, they
moy be drawmn rs LS? straight lings ~n logarithnic prnoor, rs shown for
the exemole in figure &,

F~r thc .mrin cir inlet, which n~Jnits the charge rir cxd rll
eosling rirs, the tin liros in figure 8 .xorcsiut the extrsnes in
rrors roequircd for high-spoud -nd elinb c¢:nuitisns with nilitary nover
fronm sor leovecl 42 25,000 feet., As rir inlots er. usunlly of fixed
sror, the lnclusion »f flight c¢owditi-us in sbtwdnr! :1ir is nocossary.

Fron cervlyorniie considerntions » nininun inlcet-vélneity rntio
v
Vl = 0,4 is considerod ossuntinl - the prisor functionirg >f the

)
cowling under considerntion. Tho curves sh-w th:t rn inlot ¢rea of

Ly squarc fcet nvets this requirvront for striwerd air without cx-
cossive volacity retics Oor elinb in feny cir. Tho sp.einl ersce of
scnaps is trerted in ruforonce 10.


http://www.abbottaerospace.com/technical-library

1 s

11
CONCLUDING: REMARKS

The analyses of design conditions for en interocooler end an
0il cooler have been illustrated rather thar the method of the
selection of optimum units. Obviously, for a particular airplane
the avellable sizes and types of heat exchangers should be crnsidered
in srder 4o arrlve at the best arrangement with due regard to the
relative importarce of the wvarinus factors involved., One such
factor may be weight, or sinply the drag horsepower associated with
the weight, given by the relation

cp 7,
weight-drag hp = weight x 2 x 5—;-(.7_

C
L
where CpCj; 1is the ratis of the sirplane drag to lift, end the

‘veight i€ thrnt ~f the cojler end ducts,. The trtal horsep wer

chargeubls t. & coonli.g system is c-mprised ~f the weipht horsopower,
the intcrral h-~rsesowor es oslculatud in this rupnrt, end the extornal
harsen-wer associated with the effact ~f the cunling system n the
extorn:l air flow nb-ut the airplane. TWind-twicel data are ususlly
recessery for eveluati:n f the exberual i rsepwor.

Shacc limiteti-rs frequertly ovurrido &ll -~thir cnsidera®ions in
the selceti yn -f eoling units, L£ten £ e dotrinent »f ¢~ .ling
cherccteristics rs well as at tiw exponse >7 aduitional osower, Ihe
imnartmice ~f scleclin, the canlinge units in the very early stegos aof
an 2irnlene desigm in order B- be tblo t+ instell units that nnt
~nly porfirm their funetim but perfirm it at a reloetively low cost in
hirsep'wer cennnt be averunphasizod,

There is an e¢vcr-incirensing dumand for relisble orosdiction f
c>oling porforrsuce »wing to tho necessity o»f e¢liminating expecrimental
airplanes anl of priceeding lrmedietoly from the dusisu t- large-scalo
praduction. Beceuse »f this situatin end the inecrcass in tho spcods
end sltitudes ~f flight, there is en urgent noced for accurate and more
extursive basic datan on the cherecteristies f wngines, superchargers,
hoat exchongors, eml cnclirg-air ducts.,

Lengley lomoriel Aeronuutical Leboratory, .
Netional Advisory Cormittue for Aoronautics
Langley Field, Va.
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TABLE I -~ EiGILE D:Ta

Besipgn Cheris for
RiCE L.Culte, Jen, 1311,

gn Cherts

srga=Thrauch-tube Tyne,
Comparis~n »f Three Eiit-iroa Control Devices
]:['.CIL l‘AuC.RI, -\'-pril 19Ll»ol

The Design »f Cooling Ducts with Specisl Keforence
¥AC4i f£.C4R., Dee. 1940,

n’Hig}l Spcad.

karoal 0.7
Item illitary {reted nornal reted
pwer power cralsge power
Breke output, hp 2200 2000 1400
Enpine speod, ropn 2600 21,00 s 2360
Carburet-r presgsurc, in, lg 29.8 28,1
Carburetsr Lemperrture, F 100 100 100
*ir ccnsumption, 1b/rin 262 233 172
Specific fucl consumptisn, 1b/bhp~hr 0.76 0.70 0.50
0il hoaot rejecti-n, Btu/rin 6500 5500
0il circulati-n, 1b/ain 135 130
0il temocrature, °F 185 185 185
Faximum roar head tompersture, °F Li50 {::'.QS Loo
L50
£foetive baffle aree, sq 't 2.2 3.2 z.2
Hort rejection from fins, Btu/nin 26,000 25,000 23,800
Supercharger temperature ratio
efficiency 0.65 0. 65l 0.65
b(_‘,“‘rﬂ-\ S
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TABLE II - PERFOR!YNCE D..TA

13

True airspeed, mph

Hilitery Normal rutod powor 0.7
‘1titude puwer .n~roerl rated
‘ (£%) ' cruiso power
High speed High sneoad Climb
0 303 - 291 170 259
3,000 314 301 178 268
6,000. 325 311 186 276
10,000 339 32, 198 288
15,000 57 2l el5 303
20,000 375 - 358 235 318
25,000 393 375 268 333
30,000 o 91 327 3L7

T/BLE III - PROPERTIES OF .RifY SULIER AIR

sltitudo Statie wbgalute Density, p
(£¢) pressura, P, | tounernture, T, (Siugs/ ou ft)
(1b/sq £t) {"F ebs.)

0 2116 558 0.002210
3,000 15695 5.8 .002015
6,000 160l 537 .0018L0

10, 000 1453 523 001620
15,000 1192 505 .001378
20,000 972 La7 .001160
25,000 785 Léo .000975
30, 000 628 L51 .000811
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TABLE IV

HIGH BPEFD - NORMAL RATED POWER

Altitude, £t 0 3,000 | 6,000 | 10,000 15,000} 20,000} 25,000
ngine cooling 51.00 | 48,30 | 47,00 | 44,00 | 40,70 | 37.30 | 34,40
M 11 OOOImG 13. 33 11. 50 8. 84 b cosen 60 77 e
(1b/sec) [Intercooling 12,50 | 10,02 | 9,27 | 9.00
Charge air 3088 3.88 .88 3,88 3,88 3,88 S.88
gine cooling |675,0 1697.0 |[740,0 }T780,0 [842,0 [902,0 {978,0
Q 11 cooling 19T.8 ]18Te4 [emmme—s 1800 jemmeeane 1194,6
(cu f£t/sec)iIntercooiing 222,0 }207,0 [224,0 1256,0
Chargo alr 51¢ 4 560 1 610 1 680 9 800 1 95. 0 110.5
AP Engine cooling | 52,0 | 51,0 | 52,0 | 52,0 | 52,0 | 51,0 | 51
(1b/sq £t) [0L1 cooling 34,9 28,8 21,2 jewmecm | 18,5 |eremcone
, Intercooling 64,0 | 53,0 | 53,0 { 60
Ay Engino cooling | 2,220 2,230| 2,280 2,400 2,520 2,660 2.880
(sq £t) 011 cooling oS4 ¢ 488 | e R o #12] emrename
| Intercooling «TO6] 622 o66Tf L80L
Internal ngine cooling [101,0 101,00 | 98,0 108,50 111,53 121,00 |[128,0
fhorsepower {011 cooling 20,2 15,82 | cmcemee | 12,10 | mwwma—e | 10,64 .
(hpg Intercooling 40,60 | 31,1 | 31,60 | 38,3
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TABLE V
CLIMB - NORMAL RATED POWER

Altituds, £4 o | 3,000| 6,000 | 10,000 15,000| 20,000| 25,000
Engine cooling | 41,50 | 39,70 | 38,00 | 36,00 | 33,00 | 30.50 | 28,00
M 011 cooling 11,66 | 10,16 | cwmrecmm Te83 jmmmmmme! (433 jm—emm
(1v/sec) Intercooling ~— 6460 6480 7«00 Te 45 7093
Charge air 3.88 3,88 3,88 3,88 0,88 S, 88 0,88
Engine cooling | 573,0 [599.0 625.0 |665.0 [719.0 |780.0 |844.0
Q Oil 00011113 17208 16502 - 15908 D S b ot 18200 mencomscanean
(cu £t/sec)| Intercooling - 108.8 [126,6 {152.5 - {190.1 {239.,0
| Charge air 53¢3 | 5865 | 6849 | T2.3 | 8445 | 99.2 }116,9
AP Engine cooling | 36 36,0 36,0 36,0 36,0 36,0 36,0
(lb/sq i) 01l cooling 28 23¢4 Jmmmmmmm} 18,5 wmesemams | L0 B  {mmmmene
Intercooling 19,9 24,0 29,6 376 51,1
Ay Engine cooling 4,250] 4,290} 4,300] 4,380 4,360| 4,250} 3,870
(Bq fAt')' 011 00011ns 10 014 - 0878 b ed .700 DD R S0 e e .646 owesen cenmeny»
Intercooling - 475 54l 0662 821} 1,096,
Internal Engine cooling | 59,0 62,00 | 63,5 68,40 | 73,40 | 76,00 | 80,0
horsepower | Oil cooling 13,0 10,94 |cmmmmnn| 7,96 |memecem| 7,78 |amce——

(np)

Intercooling
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TABLE VI

HIGH SPEED - MILITARY POWER

RTLTE B

110,0

Altitude, ft 0 3,000 | 6,000 | 10,000| 15,000/ 20,000 25,000
Engine cooling | 43,60 | 42,40 | 40,00 | 37,70 | 34,50 | 32,40 | 30,30
M 0il cooling 17600 | 14483 {wwm—wme}! 11,13 -] 8010 |=
(1b/sec) |Intercooling - 16,00 | 13,55 | 12,82
Cherge air 4e 3T 4,37 4¢ 3T 4457 4,37 4437 457
Engine cooling | 575,0 {608,0 [626,0 [665,0 |[T07.0 [775.0 {851,0
Q Oil cooling 251.6 240,6 mmmmmese} 220, 4 | memem———}232,0 v v enen
(cu ft/sec)|Intercooling - - 390,0 1401,0 1472,0
Charge air 577 62,7 680 4 T7.1 89.6 |104,5 [122,8
AP Engine cooling | 38 39 38 38,0 | 37,0 | 38,0 | 39,0
(1b/sc £t) {01l cooling 53 44 | 32,3 | memem——] 25,7 |ae———
Intercooling - - - 1165 ]102,0 }109.9
Ay Engine cooling | 1,740 1,770 1.80 | 1.860| 1.89 | 2,060| 2,24
Intercooling S . 1.34 1,230} 1,59
Internal |Engine cooling | 65,6 64,00 | 68,7 T0.00 | 64,0 T3.40 | 78
horsepower |0il cooling 3T &4 20024 |[mwmmmen! 21,60 | wmmrommm| 16,38 |-
(hp) Intercooling - 94,30 {117
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FORM 4. .~ FORM FOR DESIGN CALCULATIONS FOR ENCINE cooliNé

Unit analysed _BNSIVE. COULNE

Alrplane Analysis oondition . A8MY AR
Engine Specification Date
Flight oonditlon MI64_ _SPEEY Fef Nenma FATE) Lowsnd
Transition .
- Altitude __ 2,400 F&&T :
Pres~ . [Temper< Veloc= | Pres- emper Specific| Dymamic M.r ALr Cross=-
Ista-| sure ature | 1wy, sure, |ature,| Density, [tive | weight,| pres- | flow,| flow, [sectional
tion}] losses, change.h v P o T P en- o8 sure, N Q area,
AP el‘ f1/sec)l1b/sq LM Fqp< M slugs/ou fe)sity, 1b/eu £t q #lb/sec*(m tt/sec) A
H{1b/sq £t} (“F) 1b/sq £t (sq %)
0 s25 | 972 | 487 | 2000140 /70
z i 13 _ 125 510 .00/285 - 373 902
3 51 $7 | — | lo74 | 57
4 L5 |-/1444 4/08 972 5‘42&% .00104 4 935 | 37.3 /10 2,66

INTERNAL HeRTEPOIWER

2]



http://www.abbottaerospace.com/technical-library

FORM .£_.~ FORM FOR DESIGN CALCULATIONS FOR MIERCoocsf _

Unit analyzed _I/NTcAcescep ':

Alirplane Analysis condition _A2AMY 4% __
Engine Specification Date
Flight condition SLINS FoR NoAmay RATED rewen
Transition
Altitude _25,000 FEET
Pres- emper- Veloo~ | Pres- emper- Rela-< Specific | Dynamic | ~ Alr M.s Cross-
Sta-| sure ature | 1ty, sure, ature,] Density, |tive| weight, pres- flow, fleWw, |[sectionall
tion| losses, (ochange,] V P T P den- (Y1 surs, | Q. area,
4P AT Kft/sec)l1lb/eq LtR(°Fapge)fslugs/ou £t)sity,|(1b/cu ft)l qQ |(1b/sec)fou tt/sec) A
(1b/sq £t} (°F) A (1b/sq rt) (sq £4%)
p) 393 785 467 0.000975 | o410 78
2 8 Bo | — 8ss | 282 s0l032 | 434 — 793 239
3 57 8.5 _ 804 551 .#00 850 | 357 —_
4 4 -é2 | 273 767 se8 .000 823 | 344 3/ 723 299 1096
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Pigure 1, - Pressure variation in a cooling duct,
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Figs. 3 & 5
\
Bqdrmal rated powef, climb T
Wormwl reted|powpr, high|spepd | 1A
Exit areas, ——— e
sq 't |+
2
Military power, high spbed
1l
0
4,000 8,000 12,000 16,000 20,000 2,000
Altitude, ft
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Figure 5.~

cooler ducts.

Combined exit area for the two oil-
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. Fig. 6
Cooling-air flow, My/w , 1b/sec/in.
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Pl e 6.- Intercooler performance. Cooling length,
inches; engine length, 1l inches. '
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Fig. 8
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