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FLIGET TESTS OF SEVERAL EXEAUST~GaS-TO0-aIR
EZAT EXCIAlGER3 I A B~17F AIRPLAIZ

By Bonne C. 1n»k and Jenes Selna '

SUILARY

Seven exhaust-gas—to~eir hect exchangers were flight—
tested at the Anes Aeronautical laboratory »f the latlnsnal
Advigory Connittee far Aeronautics on o B-17F airplane to
deterninc thelr perfoimance characteristics and t» lavestigete
thelr flame-sunpression qualitles, The tects were conducted
tn secure peorfaornance Cata of heot cexchangers vhilch nlght be
sultable £2r use in the thernal lce-nreventlon and cabine
heating syastems »f the heavy bonber-iyne cirplenes,

For this investigotlon, the performaince characteristics
of the heat exchengers have been deflied as the air-flow rote,
alr-tenpereture rise, rate »f heat trensfer, and the alr-
and exhoust—gas—side pressure aroaps, The lnfornatian abtained
is presented 1n tabtles vhich 1neclude The recoarded date and
the general performance charactoristics »Af the heat exchangers
evaluated fron the recorded date, Tle Cesign requlrcoments of
heat cxchanger installotions for o tyhlecl four-englne bonber
cebin~hecating and thermel lee~proventinsn syston arc prescated
ané eompered with the perifmmence »f the tested exchangera.
The flame-suppresslan cuvelitles »f tiic excushger werc investl-
geted by visuel observation, and the reosults are prescented in
tabular form. A linited esnnunt »f 1laformation was scoured
relative to the effeet »f & heat exchenger, lnstalled betwecen
the englnc end the turblne supcrcharger, sn the supcreihmarger
spced and angular pasitlon »f the waste~gatc buiicrfly valve.

The results »f the performonce tests indlecatcé that under
deslgn test condltions the rate »f heot transfor specclficd far
the Qutboard-~nececlle hcat—cxchangor lunstallationsg would
probably be rcallzed by the unlts tcsted 1n thosc nacclles,

t is cucstionable 1T sny »f thc oxchangor installatinas
tosted would have satlsflcd the retce-of-hcat-transfer rceculre-
nent f£or the lnboard-nacelle instrllatlons et desipgn test
eonditiong, For all iastellations 1t wes found that the elr—
slde flaw rcslstence, lndicatcd by the tatal prcssurc drop
acrnss the heat—cxchenger instoallntions, was high end rcesulted
in low slr-flow ratc ond in n2st cascs Lilgh eir-tcmperaturc
risc.




) Tiue results 2f thae flane-suﬁpreasion investication shored

the Elﬂ";ﬁ" of tie exinaust steck and turline-surercharser
perts ©n be more vislble thon the cxinust-sas flaping for the
canditions tested, The Gate ~btained o the effect 57 & Leote
exclongmer iastellation on the fperatlsn 2f £ furbine super-
chargzer indiceted that the critienl elu‘uudo nf the guoer=-
cnzager for rated englnc—paver conditiong was unt alffected by
tie heat-exnchanger instellasti-on, alsn, T o ziven zonifald
prescure, reater closure 9f the waste—gate velve vac rcﬂ‘irvh
with the exclwn~er instciled than witiiout the exchenie
investipation was lindied in scope and (17 not provife
sufficlert laforuetion for finel esuclucisng regarding the
effect 7f heat-exclanger lastallatisng »n supercherser perisril
ance, :

MRNDL AT G
I-. .IJL..J.~.A

For the past vevern ye‘r an exuc“sive 1nvesu119tion af
exhrusi~pre~to—-alr heat exch "vﬂorﬂ Lios been eonducted by the
TACA et the anes .eroneuvtical Leoboretory end pt the University
of Callfornlc as & part »f « genernl racesrel: »rrrcs “n the
develojnent of thernal leg—-prevautlion eﬁvipment for alrnicnen,
The results O6f o 14 ge portim 2f tic rescnrell eonducted ot

cs Aerontutleal Loborctory are prosas.ted in reference 1,
1Qere1n relerence icg alen nade 0 the rlk done at tlie _h1Vcr
sity o Calll-ornic. Tacre prelinlnary resetlcies werc a7 &
general natuc 2 livestipat:z the perforcrnce 20 the cici.ongers
and the feasibllity »f thelir use 11 taernel Llee=preveasion
couinnont.

The pur:ose af the pro”out investiprtion wos o Jetorzine
the po*zorn% 1ice 2 varioue types ol oxJ*.uu—;rs—Lo—air reat
c\c1uhdor with resseet 19 thelr ~dantaliziivy t9 o Hraduction
version 2f thcrnsl ice-prevceatlon (ad ciblin-hcating eaurlomeat
for o heovy tonber tyae adrnliic. Tiwe testo vere eoniieted
tae 2-17F cirpleae, for 1LicL trhe Lo ccronraticulr Leoosrotory
had Cesiy noc instulled ené flirhis—-tested o Ziorarl leoe—
proevention arsten (ro‘crghocs 27t 3)e  Porforanace é-to weroe
nbtrined fo“ coeh ngoat coehonger Tor oinilar flisht coufitions,
The' periorannee tesis were s lemcivcd by aight Tflishte
Euring whileh the degree »f flime cuporusscion grovioee Ty the.

different exchaonger lnstellotlone ves :bsorvad A linitcd
ansunt »f infornction ras 2btolaed 2 the offeet o ¢ hwcdt—~
oxohrnvcr instolletsion on thice turpinc—s&norcw"rgor OporetLOﬂ,




EQUIPLENT
Descriptinn

The B-17F alrplene in which the seven exhzust-gas-io=-air
heat exchangers were tested is sham in fipure 1. The seven
heat exchangers tested were all-prliiary surface unlts o7
three general types: (1) tubnlar, (2) plate, and (3) fliics

One of thie 2rizinel heat exchangers used in the therncl
lce-prevention-system of the 3-17F cirnlrne, exployed as o
test 2irpiene for the prerent tests 1s shown in figure 2,

The exchanger was »f the croass-I1ar tipe and conslsied »F &
stainlecs—steel shell 1vith longltudinal Tolds to farn Tins

on the ex:aust-ges sicde, ond capher strins inaserted in the
longitvdinel falds and cut t92 provide pin fians 2 the ailr
side, This heat exchangzsr 1s described ir detcil in
reference 2 anc. perfarnance date nor e found in references 2
and 3.

The tuo tubular—-type heat exchongers were cross-flnu 1in
desipgn, the air flowing across the tubes and thie exhsust ges
through the tubes. These exchangers cre desisnatcd as heot
exchangers 1 nnd 2 and arc shrm in fisures 3 to 6 inclusive.

The three plate~type heat exchcngers tested wers alsn
erass~flow in dcelign, and consisted »f o nunber of alternate
alr anc gas passtges scpirtted by thin platess FPor two of
these exchangers, desirmated as 3 and 4, the separating plates
were flat, end the tws exechengers dilfered Anly in the nunber
of alr passages, cxchanger 3 having nine and exchoaager
having eleven, The adéitional oir pacgeges in exchanger 4,
ane "N each slde, werc provided beeouse 1t was doubtful 1T
the outside plates 2f cxchanger 3, whlch forrmcd 2nc sicde »f
a gas pessage, vorld be sufficicnily cnnled to »rcvent
buckling and cdist-rtion, Thesc tis heat cxchangers are shmm
in figures 7 5 10, inclusive. In the caAsc »f the third
plate-typc heat cxchanger, deslgurted as hert exchanger 5
and shown 1n figurcs 11 and 12, the scepoarating pletcs vere
corrugatcd, The corrugeted plates verc asscnbled in such &
nanner thet e stralght pessage, dlannond-cheped in cross
seetion, . was prescnted for cxhoust-gos flow walle the eoir
wvas caused to flov through & narrot, constant-gop, vindiag
POESCARE.

The two flute-type nheat cxehangerc were parnllcel-flow
in desipn, and oonsistced o7 a gerlcs »f alternatce rir ané
gas trepczoicdal ducts witich forned o cylindrical heat
exchanger with o hnllow corc. Theoee hect oxchangere, doslg-
natcd 6 and 7, arc shoun in figures 15 t5 17, Heat
exchanger 6 was »rovided with & renoveble »lug loeated in
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the hnliow care nf the exchanger »n tiie exirust-gas side for
the pwpose of dlrecting ell of the exhaoust gas through the
trepezoidal ges posscges. (See fig. 15.)

Installatinn

The varlinus heat—elchanger installatinons are described in
detall becnuse in deternining a heat cichonger for use in
boiber~ty~e alrplanes it is imwortant 2 consider the eacse of
ingtallation »f the unit, and becruse the perfoitiance »f a leat
exchanrer devends to a great extent -n the nmanner in wlicir it
is installed in the airplane, In figure 1C the heat exchangers
are listed according to the nacelle in vwhich tlieyr vere tested,

All the ncat exchangers were feslizncd to reglace the
stralgiic, remnvable sectlon of tic cilwnusi-stack systenm between
the bell Joint and the turbine superchorzcrs These rcnsvable
scotlioms were about 2% inclhics laag £71 nocelles 1 end 4, and

8 inches lang f£ar nacelle 3, Heat exchancers 1, 3, 4, 5, and

vverc desipgned 91 installatloaa in afeclles L ar h, anc. acet
exchenger 7 was desipgncd o installati-n in reeclie 3. Heat
exchanser 2 was nnt desi:ned for a soceific nacclle and vas
tested in necclle 3.

Iin geaerdal, cach hcat—exchanger instellation consleted
of the air inlct scoop, heat-exchangor siaroud, alr outlet
header, and the ncecessory ducting to dircet tic livated air to
the point »f disciuerge, Since tlie tests vore cniducted 9
deternine the performance af the hieet ciichoangers and ust 2f
the thorrcl ice-prevention equipnent, the hented olr Ifron tue
outboard ecxchangers wag Glscuorged averbsrrd at the t2) »f the
nacelles end tihe eir from the inboaord crelager wns ficcharged
thirough & leauver in thic upser surfuce @ the wing, Altcra-
tionc t2 the necclles were neecssery in arder £2 aceaanndote
the varisus hoat exchangors nnll 9 »rovids o sutiet Tor tac
heated air, The noj2rity »f tic alteratione were confized 9
the extvwuct sixrond, defined s thiet portion 2f tiic naeccllc
gtrueture (forncé nf corracion-roclistont ste-l ciet) wileh
shiclds fron the renzinder of the nacelle hent (nid el
gases fron the cxhimuet stoeck, Tic installetlan »of hweat
cxchanger 1 in aacclle 1 requircd o cut-out in tihc cxiiuag
shroud £or the hcobed-air Hutlet s simim in firure 19. The
inatellatism of exchanzer & in nreclle L neccesiyctced an
enlergenent 2f tiwe cxihwust sirouwd ond, olen, o cub-out for
the heoatcc—~nlr nutlcte (Soc fise 20,)

Considerable alteration to nnceclle 3 was ncecssory for
the instzllation »f heat cxehnnger 2. Tie oxiwaust shroud wos
altered %o accommadate the heat exechanger and praovidée for the




heated~air sutlet as shovn in figurec 21. In palor altere=
tinn of the exhaust shroud was required for the instolla-
tion o2f heat erchanfer 7 as the arizinal shroud »f nocelle 3
ves used and a heated-alr nutlet a“avideu as sharm in

figure 22, In the case of nacelle 4, one alteration tn the
exnaust shroud was sufficlent for the installation »f 11
tlree of the exchangers tested in that nacelle, Tliis altcro-
tion is shown in fipure 23, The top 2f the shroud vas left
apen for the heat edpair nutlct.

Detnrils »T the heat-elchanger lnstollationg o the
perfornanece tests orc glven in fijures 2L 9 HS, incluclive,
These installatliong ere 7 tes t purposes 2f linited dura-
timn and d» nnt necessarrlly represent a satisfactory service
installation. In the installation detalls thie heot-cxelhnger
ghrnud is defined os that portion »f the system vhieh re-
striets the air flow T2 the cxechanger nossajcs betireen the
inlet seco2p and tae 2utlet lieader, For cxample, 1n the case
of exchangers 1 nnd 2, tiic exchﬂngcr sarouds arc conslderced
tn be the cd”itlons t2 the exchan crs s 1s cvident fron e
couporison of fl ures 3 and 5 Titu figurcs 4 and 3, rospoc—
tively, For exchangers & and 7, thc cxchanger graud Con= -
sistcd »f the exhhust—stncL shiroud an e side »f the exehanger
and a eontilnuati-n ~f the alr inlet senmn an the ather side.
The space betrecn the exheust steek ond the shroud was sealcd,
in front of and behind the heat exchanger, with rings formed
af stainless stcel thich have been referred to'as dﬂrs. (3ce
figs. 27, 26, 33, and 34,) 'The alr-tcnpering systen showm
in figurcs 33 and 34 was not inetalled until aftcr the
pcrforﬁancc tests, In prelininery flighits with cxchenger §,
the plug in the exhaust-gns earc vas founé $2 praduce an
cxeesslive tenperature risc of the slr and vas, thercfore,
removed Tor the yer;ormancc teosts,

For the flenmersuppresslon tects, tic installations »f all
the heoat exchangers except 6 and 7 "crc tiic sanc ap far thc
perforiance testo.. In 2rder 9 inercunse the quantity af heat
renwed from the exlicust gos far heoat cxcheapers 5 cnd 7, the
rear dans werc romaved, thus allowine the air tn discnargc
throurh thils onening in 2dditinon t9 thb rcvular ¢lsocherge.
Furtlicrninre, in the case of exchanger 5, the grs-side plug which
had beeon rcuoved for tie perfornanee tests wos reinstzlled,

After the performance tnéd flonc-sunpressinon tcsta of

the heat exchoangers had becn eompleted, three »f the heat
exchangers which apncared 39 e noat reedlly adestable £ar usc

scre iastalled in nacelles 1, 3, ead 4 far scrviee teeting, The
prelininary investigotione of the serviec-tcst instelletinn,
hercaftor rcforrcd to as the final instellation, wore conduoted
at the Ancs Aeronautical Labaratory and form a part »f tlls
TrepIrt,




A vglvo asscritly wrs installed 1n the herztcd-air-nutlet
ayaten »f thec finnl ingtellatione widlelh provided far Cdircoting
thc heated alr to the 1ec-p“cvel ion srsten (from nacolle I %9
the lest-wing outcer poncl, Srom nacclle 3 %o the empeanalc,
and, fron nwcc1lu L tn the rirht—nin" 2uter pe nel) oy AveroaYl,
The valves were actuated by clectric natars end esuld ve
aperoated ia fiight, Durin; the prelininery tests »f the finsl
lastellatioae thc heated alr 1ras discharged averonird; 1~'>',r¢.:vcr,
thc volves verce ineluded in the instoliciioneg in oarder tua
the heated air could be dirccted tn tlie lece-prevention syston
-Qurlng the service teste,

-

The final rcvislnns t9 Leat oo cl‘ngcr 5 cnd the instel-
lation detalls aro shown in figurcs L3 2 51, inclusive., The
rovised chroud deeign shimm in Tigure 46 »rovided an increc.scd
air nassage cround tnc sidcs of the cxelrazer end frcedom of
notion oct"c n tiic shraud and cxechwonsor, Scc ‘Seetion C-C,
Piz, 48,) fThe now air inlct sco9p (fiz. S1) cxteonded farward
t2 the reor clge »f thc co"l fl"ns, ol o bafflc (r zlow
shicld) tas installcd inside the scoan in arder to reduce the
pneslibility »f 211 end c:plan. ¢ gesoline vwnars cntering the

. systenm vith the alr and t2 dceroasc the visible inw 2f thc
exheoust systen to o nialnum.  an apcalag uvas Drdv*ccd in cacn
side of tlic semIp betucen tic glow ehlcic end tic cxhaust otoch
to providc far circulatlion 2f cooling cdr apainst the cilicuste
stock csscmbly,

Du“ing the pcrfa*nanca teste, cxelinger 7 hed acy rcinped
oerocks in the flutes at the Ifarvord oc.acd ring, aad soanc f
the spoet welds cttaching the fiutes 9 the clrecualernaticl
rings hrd fedled. Por uhc fiunl insteliction & ner unit wa
constructed, shom in fiurc 52, vhich wes of Tiic onuc LySiGﬁ
a8 tic original cxel aﬁger 7, vut ros fobricatced somevhint
Aifforently in an offrt te clininote the fallurces nnted aboave,
A nev type circunfercentinl dband was Cedifmed to providc less
rostrletion to coxpansion of tie cxchangcr, and. tle Tlutes oF
tihc ncv lLicet exchonger Wcr’ faracd to cllainate the velded
Joint ot the inneronst e@ge »f cach flutc, whleh sinplificad
the joining »f uhc filvtes at thc chd bonds ~f the “cot
. oXxchonger,

The {inel heat-cxchonger installiotiom iA nocelle 3 did
nat require altcratione o the cxboust shroud, but & coli-air-
- tempering systcon wns instnllcd ia arder o deercose tio Tonper—
. oaturec of ‘the oir su*nlico t2 tiic ileco—praventiom srsteni. This
_eAr-tempering instcllctian, ehmwn in figurces 33, 3%, cad 53,
conaisted »f an alr inlet sénaap losated M thc‘ﬁaccl1b abave
end oft of the heat-cxehonger sc29p, o duet to direet tiic cir
to the heat-—cxchanper oir 2utlet lender, -nd o vnlve 9 coamniral
the cnmunt Af enld cir adaitted into th noat:d—¢1¢ strecon,
The volve poasition wes set before flight weecuse a2 ncons vos




7

provided to adjust the velve during flight. The velve fss "~1y
%o control the directisn of heateﬂ—air Tlow was located 1n tlie
wing near the averboard dlseharge louver (fige, 35 and i)

The final instcllatlon af heet exchaager 7, ready for f1
testlng, is shown in figure BF.

Hert exchanger 3, shrouded o5 gimm 1n firure 55, was
installed 1n necelle ﬁ far service testing. The shroud wves
adced tn the heat cxchanger to diavlde two odditlional alr
poscages, aporoxinetelr fi"e-eiv“ P“ lich vice, in 2rder %2
licrease the alr-flow rute uhr,d 1 the unit, The 1nstollotion
af this excxﬁnger vas sisllar 4o tth of exclanger § 1in ascelle
1 ond is shovn in fizures 57 t2 60,

Instrunentation

The i1nstrunentation of tiie hect-enchanger installations
provided for tie deternination o7 tue eir-flow rate, temvers~
ture rise, end statle Jrcssure drop {ireluding losses in inlet
scn2p end 2utlet uecdcr}, the heoat tronsfor to tihe alr, ond
the static nressure dron 2 tha exhaust gos acrass the el
chenper. Some 2dditionel dets Were sbtolned relative to orch

- installation such cs the temperatures »2f po2ints nn exhouss
shroud and the t»tel pressuwre =t the oir inlet seop. The
fallnuing temperaturc and nressure Jate verc abtalned:

Tenperetures

Zxhaust ges forward »f the hert exchanger

oxheust gas aft of the heat cxechaager

Anblent alr

Heated air »ut of the n,“t exchonger

Vorious »ints of © ot exchzager eand exhaoust
shrouds, and tie hcat—exclangcr alr nutlet header

Exhoeust-stachk vall at thie lacnztisns »f the forwvard
and oft exitcust-grs thcrminesuplces

Pressures

1 Static in the exibirust stack foarvard »f the hecat
exchanger
2 -Bxlhieust-gns static pressurc drop across the heat
exchangcer
E Tatel in the 2ir inlet sconp
tatlic in tue oir inlet scaap
2 Stetic 1n the heated-alr outlet ducting
Stotic et venturl ncters used t2 st"in the air-rlom
rates

¢ ——— e o & et




mahielded theormocouples ters wased to indleate 211 temper~
atures eicept that »f tle amblent alr, uliich was obtalned wilh
o rloge~sten therimeter in o redintlnag shicld mnrunted in the
odr ctreerms  Clronel-elumel vire vas used £ar the therhotouwles
in the c""ovst—grs strean, ond iron-cmoucat-n wire wes used
for ©l1l »thers. The twves 9f tlhicruncounles used arc glﬁ"n in
figure Gl., The te.ner tures werc obtclued +rith a portable
potentiomneter, The pressures ‘erp nbtniied with static o
tatal tubes ap shwm 1“ fipgure (le The #beolute volue Af ©
statlc pressure ‘13 the exhrust stach: farursd »f the heot
excunnger vas indicated 2n 2 monifHld- o‘efﬂvrn fanne The
exhnrust-sas stotle precsure drap cerass tie Liect enchaousrer mal
all alr preasures vere indicatcd 2n wctcr nanaueters Ti:e alr
pressures vere referred t2 the static prcasure nf tde service
eirspeed head, The locations »f the tierracounlcs "‘1 ores:urc
tubes are siaira 2n the 1nstol_rtiou di-vings 27 ench at ex—
changer (fips. 2% t2 41), The instrumaatetion oF all heat 2l
chengers was sirllar with rcu)cct %2 lacatlans end trpes of
thernaesuples and Hressure tuves used, ’

Thea the heat-exchanger tests vere coupleted, a quadrv PAR I
shlelded thornacava;e, giown in ficure o7, ung irsiciled a
the exhoe.ust stecls of ernjines 1 anl 3 t2 nrovide an lndlecation
of the rocdlatien error »f the uneilelied ras tliernacnunles.
The shlelded thermocouple vas iustelled in the center »f the
the rcpgular strelzht sectisins of exlicuet etacl vhieh hind Jeen
renloced by the hoet czccanh-t- Tiwa, in nacelle 2, th
shicldecd tbcrrocouple was located 10)f~x1" wely ralfvey
betwcen stations 2A and 23 (fig. 24), and in nocelle ?, ap -
imately holfway between stations 2 ridd 2D (fire 34).  The
sectlnon of stralght cxheuct stoel: wes 1oyeé witl asbesing,
appraxinately tnrce—c*ﬁb hs incl thiecl, and the unshlelded
thermncoupies uscd fu:i"* the hcet-—cicheonrer trets vere leflt

e

in ploce in the unlagred vartions A ©l.o cxlinuet :vﬂucn.

A sincle unshiclded thernacounle (fig,. 61) ¢ 1 o venturl
neter vere installed in tue heatced-air dice hcrﬁc Cueto 27 thwe
finel hecot-—eiclarmer incicllations in nocclles 1 and Lo In
the ccse of the finnl 1Jauﬂllﬁ i-on for nceclle 3, en uasiiiclied
thernocouplce was inatelled 1n tiie &uet botiecn the eichengor
outlet header ondé tihc ciﬂcnar”"—vh_v, cuh”"" Ihc venturl
neter, leaccted beiWeen the exchianger in nacclle 3 dac the
heoted—-air dischrrge louver o tic ocrna“:rhcc tcste, was
left in nleco.

Although during the prelimianary tists »f thc final hott—
exchanger instellationc thc heated alr vos dlrcetcd averboord
only, & sianzlc uashiclded t;crﬁﬁca »le veas locnted in the hnct
wvlilch dirccted the icnted alr to the wing auter nenels »f thc
ingteallation 1n ﬁtccllcs 1 cnd 4 £9r usc during thic ecrviec
tcots, 4lso, for the right wing, the cuentity »f alr flou




could be deternlned when the alr wae directed to the lce-
preventlon system by meens of the venturl neter located near
the nuter penel joint (reference 2).

Durinrs the tests of uke final Acat—ﬂtcxu“ger instal-
latlons, lastrimentation wae srovided in nocelle 3 t9 obtein
the turbine~-supercharger speed end anzular pasitlioa 2f tie
weste~gate butterfly vhlve. ain ladlcating tachometcr wras
conaected to the turbine suoerc“"rger, anc an [laCi coatrol-
pneliisn recorder was attoched o thie waste-gate Lutterfly
valve.

TESTS

Prior tn flizht tests, thie engines vwere onern ted on the
ground with the heat exche engers instclled. All pressure ead
temperature date ere recorded for tae heau-exchanﬂer instel—
latlons ot engine~pover condltlions »f D)roximatclj 15 inches
of nercury nanifold nressure and 1200 rpn cnglue speed. The
engincs vere alsa 2nercted nt hish-naver chaditions oAf Mmll
thrattle cnd full Hanet in arder to invesiigate tlie maxinun
tenperatures of the lested nlyr tnd ports of the exhaust si.roud

under thesc severe coandiiiong »f 1ot -*:Lv-f‘lo'r rete and high
exhrust—gao-Ilov rate ond termeraturc,

hen the hest~exchanper insvaliontli-us vere comsidercd
satlsfactry, as \ctgrmiucd by the grnﬂn@ testing, the flight
teste were ninle T Investipge te the derfarnence »f the hicat
exclicagers at verlous £1ipht cou‘;uian Fressure ond Sonpere
aturc dato rerce reewrded far ceei: L1eLw cxchan"cr durin; roted—
pwrer cliubs cid a-imel dGesccocuts ot verlous ¢ altltudes, Data
rere clsn recardcd avrinc crilsin=porer ’QVCl filil-iits {2 011
o tiic lwico t exchwangers at JG,OOO Teet prescurs altitude; Tor
hCut cuciiengers 1, 2, and 3 et 25,000 feoot proecurc alslivde;
for Licat cxcnanLcrs &, 5, & and 7 av 30, 00O fect pressurc
altituic; ond for hcct exchengers 5, &, and 7 at 34,500 fect
precsurce altivsullcs Tor ceoclr T1i;ut cnhulitlan the eugine »nover
ves TCPC?tLd, as ncorly ae passlitle, T 0ll hoot exnchiangc
testeds, Thic hc”t»n—air timperaturce aad alr-{flow rutcs
obtolacd for thy finel 1nSt“Ll{ti7lL ﬁ; hiwat c“cnan'crﬂ
and 7 Curiag ratcd~pover climb i
sinllar t2 thc periormance tcats la O‘Lcr th"‘ the fine 1
installatloneg could be eaawparcd t©n tic poerfoarnunco~toct
installitions, :

Tizht flishits were conducted 9 2bscerve thic flaring »f
the cxknust goe ~nd "owin; af the oxhaust stack ond turblne
supcreiarger £or .ach cxchenger-~nerforiénce lnsta 11latiom with
the execoptiah of cxehrnzer 5, Visunl nbgervoations trerc nade
fron the bell turret »f the test olx oT‘nu, froo an aeenpany-—
ing cirpionc, ond fran the ground., Thic ovcerver 1n the test




alrnlane wos stationed in the ball turret and mede observe-
tions anuring level flight at verisus ensine-powver condltions,
The cceompanyling slrplane,. with tuo sbscrvers excluclve of
the rlizht cretv, was maneuvercd avout tliie 3-I7F airplane ot
& dlstaince of epnraxinately 300 fects Observriinaes of e
heateexchenger installetion were nnde fron seversl 533
froi: each slde, directly telow, and belowr and glisltly
In ofdddsina o the abave tests, tin. E-17F alrpla: >
ot 2lticudes »f 300 and TOQ feet ovar to ~bservers

a1 the frouni,
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1hien the perforrance tects o7 the licct erchanrers tvere
conpleted and the quadrunie-shielded ti.eraneninles wers
insirlled in the exhoust stacls, e ture dote vere recorded
for the vnshielded end sl el -
porer clinb and level-Tll;it enditiqus ciniler 42 the
e mditions &t wixleh the Leat exchangers vere tested.

For the investigetlon of the effcet »f tie heat-exchanzer
installatinon on the furblne-supercharzer operatinsn, testa vere
conducted ot tiic sane P1ishe eonditions with ocand writiivout heet
exchenger 7 instolled in nacellie 3. Roatel=povrer clintg el
made t7 oprrainmesely 31,000 fect pressurc altitude T2 luvestle
gnte the critlcal altitulce »f the turiliae suncrencyer Ior thls
povrer condlitioin. The teost elimbs vere nadce with fuil thratile
undcr the 2verating eouditianag 2F emustinat uarif2ld prescurs,
engine speed, cnd indicatcd airspeed, Tiie manilald arescure
woas naiatained eanstant or adjustnent 2T tie ©9279st eoiral,
Level Tlights werce ennduetcd &% 25,000 feet preczurce aliitule
tn doteorntine the effcet on the turvine ssced ond wosti-reio-
valve p2cition of (1) varylng cagine epcad (0t Tu thrstele
and full bonst) and (2) vorring nesifolé presswrs (8% full
thrattle ond constant cnpine specd)s For »ort (1), the cagine
spced was clianfcd br adjustment of tiic nrapeller »iteh contral
and £or pert {2) the menif2ld pressure wes chenzed by 2ereting
thce bo2st coamtrol, : .

RISTLTS .

The data recorded durling the perfrneince tests of the
scven, henat exchengers arc prescnteé in tetles I to VII,
inclusive, The reference vressurs, widlch woe the statle
preesurc °f tihie scrvice airspecl hicod, hes been eawrrceted 0
truc anmblent statle pressurc. Thie prossurc carricilon apnlicd
was 2btnincd from & calliiretion Af tiiz scrvice slrsmeed licad
by ncans of o gtatlic head suspended vencatis the ~irpleic.,
The deta obtained during tiic 2vseratlian 0 tiic curines ot high:
pover on thc ground end durlag talie—off cic nat eominlote ond
42 n2t represcnt A atate of cqudllibriuvn, The leastil »f tlne
thet the ocngines eould Te nperated. safcly a5 titls Lirf: Doucr
without overhceating 614 nat nernilt o ctote »f cauilibrilun tno
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ve reached., The data for thcsc conditions have been included
becausc tihey arc indilcative of the maximum values wihleh night
be atteined under these severe operating conditions. The
ranrzce 2f nltitude glven in the tables for the clird and
descent runs reprosent the chanre i altitude durla: the
recarding »f thce data,

The evaluation of the gensral nerformance character-
istice »f the seven heat exchaigers 1s prescated 1n tovles
VIII to XIV, inclusive, wuliilch were srepercd from thc date
in tables I to VII, inclusivec. The hecrted-alr temperaturec

‘glven in these tebles is the averaze velue of the five~

thernncouple survey located in the heated—alr outlet duct,
The alr-tenperature rice was deternined fron the anblent-zir
tenperature and the averapge hected-air temperaturc. The
rate »f heat transferred wvas bascd unon the ailr-temperaturc
risc, the air-flow rate, and tihc snecific kicat of the air

at the arithmetic average »f tihe oritlent air ond the heated—
air temperatures.

The measured static pressurc at the air inlet scoop was
corrected for the difference in crass-~scctional area between
the eir inlet scoop and the heated-nir outlet duct, The
differcnce between thils corrected stetic pressure at the air
inlet scnn» and the static pressurec neasured &t the heated~
air outlet duct it prescnted in each teble as the alr-side
static pressure drope. The oxhousti-ges pressurces rerc neasured
at points 2f equal crocs—-sectvinnal arca and, therefare, un
area correction to the recnided pressure differcnces wes
necesstry.

The dato obtained for the tests conducted with the
ghiclded thermocouples instelled in the exhaust stacks 2f
engince 1 and 3 indlcated a diffcreiace in tcmperature between
the ghlclded and unshilelded theruncouplcs ranging from 120°
to 160? ¥ for the level-flight and descent tcst conditinns,
and fron 609 to 80° F for tiic climb conditinn, wiih ne
consistoncy »f the data within these ranges. The corrected
exhaust~grs temperaturcs presented in tables VIII to XIV,
inclusive, arc thc recorded velucs incrcased by 1M0° F for
the level-flight and descent test conditinne, and incrcased
by 70°% F for the clinmb condition, The values of the exliust-
ges=f1low rate glven in the tables werce calculated from
cngine~perfornance date,

The rcsults of the flanmc-supnrecssion tests arc glven in
table XV, o attenpt ves nade to neasure tic intcnsity »f
the visually 2bservcd flame 21 glou becauso 1t .was believed
thet whether or not the flame end glou were visible to the
eyc was a fundamcntal critcrion 2f flanc sudpression, During
all of the nlght flights conducted t9 9bscrve cxhioust flaning,
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heat oxchiangers were instellod in naccllcs 1, 3, and 4, and
the plyenl ©tollers of the service cabin—hcating systen were in
nacclic 2; thercfore, no indlcatinsa »f the intensity o° the
flaning or gloaving was abiained f»r the regular exhaust sysien
Lic exhaust flaning, wihlch was visilble only Iron the ball
turcet o7 the test airplare, wes o biuc haze »F lov Antinolirs
Tha type »f fuel used 1ln the engines mar ave on effecs
intensliy »f exhoust flanlng; however, 7aly aireraft ¢

&
fuel, grede 130, arqnmetilc was used Curiug thce redorted tcets.

Tae heat exciwngers were not tested far o sufficlent
dength »7 tine 17 proavide eonclusive iaformation regarding the
service l1lfe »f the varl»ous unlts; hnwever, cach hcat execicager
wvas visually lusgcected for indications »f failure after the
tests h&ad eon complceted, & Glseoloration »f the nctal 7 all
heat oxcliangors was abscrved $9 be rorc wroanunced »n the
exhauat-gas slde then on the eir side, < siizyd roughness of
the nctal »an the exheusi-grs side, erpceiclly nsticceble in
icat exchanger 1, vrs found at thc farvord end of the heet
exciiongers. 1 all cascs, the cosnt 92 discolrration G
rouglmess 814 1% apneer to emceed tihat of
syston.

e
tie reoguiar cinaust
512211 cracls were 2bscerved ot %
. exelrartgers S

vite Torverd cad of Yeod
ond 7 1n the reglon vhiere thie flutes verce j7ined
Erinor to thwe lusjpectinn, heot enclwhsers 1, 2, ond
nad been teated for spnraxinately 21 hours, 4 oy oporoxi-
Rately 18 hours, 5 £or wpuraazinetely 11 bwwrs, andd & cad 7 for
about 29 Lours, -

tagethicr.

The resulte of the preliminary tosting 27 the final instole
lations »f heat eoxchanzers 3, 5, anté 7 are glva

¢t in teble VI,
S8ince the periornnace clicrecteristics 2 the heat excuangers

had becn investigatcd - tuese tiwcee final instelilations
& ) :

were specifically for servlice tostliog, complete tonpercture

and prcasurc data wcrc not »utalned,

The effcet 2f lLicat cxehanger

7 instailatlion Ain nacclle 3
an the turblne spced ond wasto-gobto—-valve pasitiosn for the
three test conditlons investipetcd is shsun An firurcs 63 to
65 inclusive. ' -

- Figure 63 presents tlic results of the rated—paver climb
tosts, and figurcs e% and 55 prcecnt thc results »f the levols
flight investigations,

.
DISTUBSI0M
The possibllity »f deternlning o siugle index vhich can
be uced Tor conparing all heat cxchonzers has been the subjoet
af nuch dlscussinsn ané rcscarci, -The large number »0 foetnrs
1avalved (heat nutput, temperature risc, rcaistance to ciivust-
gas—cnd-elr flovw, and egxchanger wel

it

zhi and volune) melcs the

T —
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solectlon of thc opiinum exchanger very dependent upon the
particular application. This probler: 2f cstablishing o
fcaefficlient 27 perioraancc® for hcat cxehangers was .1s2
cacmuntered Curdng the investlgeaetions »of refcercuce L, in

vi'ichl several cxchangers of Alffcrcent decign and anticinoted
autpul trer. testefd. A roesonebly soilisfuctory basis a1 tlc
cauworizan 2 AAflfcrent cxchanger Ceslsme cxists, navever,
vier 21l the exchangers arc lntcaleld £ the sonc lnstnllotlon,

- -

ea in the casc af the reported iavestigetinn, JLecwidiniyiy,
the deslmm recuvlraiecnts of the hrat-cichonger instnllations
for & typlenl four—carlince anber ciivwlonce therncl ice-
prevcatlion and crbin-lectlar systcis have been chasen as the
basls far thie cmparlean > the scven heat cxehrngcrs,

The deslon reowdrcencnts arc givea ©or the criticsl
conditions »f the autinord- ond lnoaord-neccllec heift-cxchwnger
instrllationes, The autoorrd~nreclle lnstallatlons, ©o be uscd
for the vinp lee—preventlan sraterr only, worc cnasldcred t2 e
criticel for 13,000 Teot vressure fliibtude of neximun rasge
erudoin—Tll-1t eauditi-us, The labaardé-nncclle instollationsg,
tn De usch far the ciaenange ice-nrevointloan and cabin-=heatiag
systone, uerc enouclicorcd 1o we crlilerl ot 35,600 feoot
preesurc altliiule £ar cobln~icabing usce furing naxivcun rasge
cruicins-f1i it eaaditlams,. Tafoartunobtoly, the test eanditions
wvere ant Adentieal o tlic desimm soecelficotlonig deecnure tiwe
snceiflentioug “rere not avelloble wintil tie investigatious
vere alalst cazpleted, and beecuse tie factors lavoelved ia
flirhts ot Ll eltitudes restrleted aporotions et 35,000 fect,
Tie test conditlong, acvertiwcless, clascly appixinetcd Gl
desiym 2sgeswnpting in most casces oad, ia geacral, providcd
drta from i1ci: Tiie roletlive colli o thc vorisus clicusugers
$12 satisfy the doelsn roculocacnts oould e ¢stinatod.

The designh reculraiente end Sae poriarncinec date 2 be
chmparced vith thimse reouiliinonts are proes:nted in tn
altiiough exchanper 2 was installed in ancelle %, 1t tos
teeted at 35,000 fect (design reculermcat £ar e inbar
exchengers) and lLense has been licted vwitis the autboord
erehrnzers in the toblec. e coiehanper e of cuimeiroble clze
with thasc tested in the ubbourd arcclico and ciil rofsamnbly
be includcd with them M the durnasce 28 dlseuesion,  All
tlirge »f the cxchangers Dor thilell toob datro wore nbtalied ot
3%,600 feot have been srouped Sacctior £ coanparisan with
the intoard-arcelic romtircnente evoir thoauzly to »f those
gxchirangere vers deslmneé far the autwnrrs noeclles,

The Cesircd volues 2f the tatal pressure dros far tie
cxirvust-rnes oand tir sides of the hont-cxchonger insteclletioans
were speciflcd in the design reovircenentas. Enuvcver, the total
pressuve Arnpe were nat 2btalacd durlng tiic testing beenuse
of the AlfTlcultics cad complicationg essncinted vith the
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instrunentation necessary t2 determine cnrrectly. the total
pressure profiles acrass tlie heated-zisr outlet duet and the
extaust staclz, On the exhaust—grs glie tiere was lilttle

spo.ce a*al’able fa1r the lacatiom »f nrecsure tudes aft »f

e etelongeres and between the heod m“cubsgrrs and tie enyrice-
exi:tust enllectsr. (Sce the fimures 27 the heat-enciriurer
ingtellistinons,.) 4n ladicatinn 2T the static rpressure aron
acrass the s side 2F the exct angers ves 2cte Ained and oy
bg used in canrgring the various crcl.nnjers tub ahaulu ant
be comaned with the decign Total prossure craws. Uitk regerd
t2 the alr sile »f the reat enchangers, the velocity distribu~
tion serass the alr-inlet-sc29p entiviices wos sufdleleoatly
eonstast ¢ «11lwr the tntal pressure o Le cvaluateﬁ rom o
turee~cube total-nressure survey.

In .the heoted-2ir autlet aly thwe gtatic pressure, viiich
hos eauenqia¢1" a ecnastant volue ¢t nay cuet sgeivinn, wos
neasured., A& reasonaule un)r3\11h+ a1 2f the totel prossure
ia the alr outles, vrever, con e 2utoliaed by oddlug o
cclculeted woluve 2f tae 5yu‘mlc L8 ~“rf in > mtlet ©o the
meceured static pregsure., The flov i e heated-oir ~utlet
ducting vas assumed t2 be turtulant cid the relati-nsiipy used
t2 calculate tic Jrnamic pressuire va o ) vhere ¢ 4is
the dynaric pressure, p s tic ueﬂﬂitj -f the eir, ard V
is the averagc alr velneidy in the duet., The coaleoulnted vnlucs
of tntal pressurg in the alr 2utlet C vere Jvt aevch fron
the valucs ncasured ot the alr inlet » praviae cig totnl
pressure drops presented in table LVII.

[
c

. A cmsideratinn of the rete »f roensfoer of lheot
~exehangers 1 t2 5, iaclusive, indic-%: & tuas Ml exchEngoy
cxcegded Tie deoign rucvirnweut fa¢ tAc Outboarc—naccllc

instellation at 10,000 fect pressus tad Havever, tie
test infleoted alrsneced uas belov t1c F—ciua vg’vo cad 1t 1s
sprobavle et the ratc of hent tronsicr Af cxchongers 1, 2

3, L, cad § would eatisfy tic requiroaent if tested of deelpn
alrspecedl eondltions, Atteatimm is divcetod 19 thic fact tuht,
althﬂugh the Gesimm ratu of Lent transicr ney be "gul_gpd,

the heat-cxelanzer norforamice noy 195 e satislfactoery unlees
the eilr-flouw refe and Tenperature risc, vhleh Cotermine the

atc 27 .cat tronsicer, .159 ricet the desirm reculicncnie,

For heot cxciwengers 1 o2 &, 1aclueivc, i alr-flow rates tore
beloaw the desizn v lucs, aand the alr-tcmperatiurc riecs, execep
for cxchanger 4, cchcca tiwe {Jesin vyeoouliopents, Thc heoocle-
ﬂir—t‘nﬁcrn nro riﬂc praoduccd by exenvaigor & owrs ritlis the

roage speelfics in the dcsizn roguls Sd%o, wut tic alr~flow
rotc was 1o, Thils poicral conlition 21 lav flo" rate and
high tenperature rise 1ndlentes thes tho Prescy dros acrnas
the exchangors woe 2izh, wileh 1s verified by *hc vol..g 2%
t2521 presswre drap ziven la toble XVIZ, OF tihc six cneunagers
eorparced with the desicn requircrents for the suthacrd nsccl .c8,




exechonger 5 most nearly approachcd the design pressurc drop
and air~flow retc. The combination »f low air-flow ratc aad
lotr total pressurc drop prescnted far cxchanger 2 indicabus
that thc heatcd—air nutlet ducting contributed norc 2 the
aver-r.ll pressurc loss in the inteard-necglle tihan in the e=ec
o' the mutbnord-nacclle installatinons, a 1ntel pr.ssurc 4ron
acrnes the cxchonger 2 instollation equal to the allowable
fesign requircnent would proabrbly hove resulted ia an air-flow
rcte, temperature risc, and rate of heat trensfer cloce 9 the
dcsipn spceificatinone,

In the Intcrprctation »f the air-side totel picssure
¢rons for the heat coxchangers, 1% 1z importcont tn realize
that the values given in toble [IVIT include the pressure
drnan througk the air inlet scnnp, the heet cxchonger praper,
and the air nutlct heedere It 1s »nssivlce, howover, o 2vtoin
e rclative indicntinon of the pressurc 1lass 2 be attribvutced
o the exchanger itecclf by o cnipparisisa of the test datc far
sinilar installatinans, such cs tliosc »f cxchangers 1, 3, i,
end 5, 0Oa this basis it nny be scen that cxchuanger 1 instole
latinn had thc nighcst pressurc dron at thic lowcst £low ratc,
cnd sinec the instellation of this crchoanger wig siallor ©n
thasc of cxehengers 3, 4, and 5, 1t is proboble that the
pressurc arnp ccernss the cxehonger proper was anproxinctely
tuice thot for cxchoanzer 5. Exehenger 6, slthough tosted
in the nutboard ncccelles, hns nnt becit considercd in this
comparisnan boecouse this was o cross—-flow heot exchonger and
rcoulrceé ¢ ¢ifrcrent type »f iastollntlon,

An indicetion of thc cffcet of cir inlct scnop, heet-
cxchanger shroud, ciad sutlet deeipgn = the performance of
‘an exchanger installation 1s i1llustroted by o conporissn of
the dcte for cxchonger 3 instelled for perfornonce teets and
far service testa. (Scc tobles X ond (¥I,) The fianl instal—
latisn nf cxchoager 3 woas designcé o hiove o lower -.ir-silic
pressure drap thon the test instclletion, Although thc final
instnlilatinn pressurc Crop wes ant ncosured, o reduciing vas
apparently achicved os cvidenced by tiwe inercese in the oir-

fior rnte ~nd the decrcesc in alr-tinpersturc risc.

A cnmporison of the perfirmnnce dric for cxchangers 5,
6, and 7 with thc design requircicents ot 35,000 fcet preesure
cltitude iadicatces that the rote »f acet tronsfer of tie
cxehangers wvas bolow the deslsn veoluc, Althiwugh exehnnger 7
was the »nly unit speecificclly desirmed £ar uvse in the inboard
naccllee, the tcet doto sior that tiic retc of hect trinsfer
far exchoager 5 rlnnst cqualcd thict »f coxchanger 7. althirugh
the test inddected cirspeed wos beloy the desipn velue and
the exchanger rates of heat trinsfer unuld inercisc ns the
desipgn oirapecd is anprooched, it 1s questinoneble viwebher the
reauircd rate of heet (xchange cnuld e cchicved by either
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5 or 7 under ceeign conditions. The nerfﬁrﬁL“ce dnte indieate
tintl Tor exchangerc § and 7, the wir-7lou ratc and eir-—
teﬁpe“"*vre rire, wrich deterndne the rote »f heat tronslfer
anl must reeu éeu+rn reauirencnta if the perinraannLce 27 th
lce-prevention »r cablu-lLestl 1w osroten is to be satislcevary,
terc, recpectilvely, beloaw and obove desiym vrlues. This
resartzd nerdarmonce of the inctalias 1-n¢ iadicases o Witk
eir—cide Dressure Arop which is substamilated by tiie dnta
presented in table XVII, The hiph air--teineroture rise
exuerlenced with the insta l_hu;zn af excl:muiror 7 in nacelle 3
wes the reesan 2 the adastatixn 27 tie c¢old-alr teuzering
systen alrealyr {escribed under the dscussi-on 2F finel »or
service~test instelileitions,: Tie effeet 27 this ue yer o
gysten in reducing the venperature of the heated alr hlrccten
to the enpennage is shoun t9 e saticfactory br a c aparison
af deta in tables NIV and XVI,

A coammarison 7L the perfsrnance data recorded for eoch
exchenger at different altitudes indicates thet, in rdneral,
the air-flowr rete Gecreased ond the eir—ten)e'atnrc rice
increcsed &8 the nltitude was inerecsced far asinilor cirsneed
and engine-power cenndliiong, The recorded decrcese in air-
Tlow rate had a creater effeet 2n thoe ratc »f heat tranafer
than aid the inerecsc in alr-trimcrature rise, resulting in
& decrease in the rete »f heat traasfrr. Tiece recultc indie
cate that the variation »f heot-coxelhinnger snerforanice vith
changes in altitule is an inaartong eonoiferatiom i the
cesign »f such instolistiong, Tue anpllection of exl.ausi-gas
heet cxchengers t9 futurc cagine instrllatioze in vhien
~gotisfactory cxchn agcr Derforncnee Ls reauired 2ver & large
range of cirplcne and enﬂine aperet*nL c2aflilaong 1411
proo‘blv lead 9 the develrment of sir~femrering svsteie and
oexhovst-gas byposs devices.

e resulis 2f the flanc-supsiression tests indicated
that tco inten sity 27 the exhwust flenlag vas ot sufficlent
to be visible at an estinated (istonec 2f 700 feet, tut thet
- the glow 2f portiona »f the cxhkoust eysien and the turbidc
supercharger wes visible, Ixhoust flening, &8 © bluc heac
obperved fron the bell turrct of tie teot L*rn;aac nc;ca%cd

3

that flonirg did exict but vas of 1oy intcasiby. In the
gvaluatisn 2f the récults of the fimac-cusidrcssinmm investi-.
gation, the background eonditimns giinuld be eoneldorcds For
the rcpartcd tosts, 1t wes obscrved thal thc momr was uot
vigiklec vlicn noet erchangers 1, 2, ond 5 vers tested, but was
visiblc ncar thc cnd 2f The fli nts 1< ot hicet cxchangurs

o, and 7 werc installel. During cll of tae teets, sround
1liguts werc visiblc but, vhon sbscrvotieons were belng aade,
the airplone wes nancuvercd so that the cource 2f light wos
not in the backeround,
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The rcsults of the teets to investigate the aperation -2
the turbine supercharger ith and writhout exchanger 7 instellcd
indlcatc that in a rated cngine—poucr clinmb, the specd (vnl,
taercefore, critical qltituéc) »f the suﬁcr01arﬂcr use 0%
pffceted by the exchanger installation 1rig. 53).  Eaover, 1%
was found th "t thec cxchauper installaiion ccavqitktcf e
grcvtc“ closurc of the waqtc—gct volve in arder 0
tie nanifols presswre at the ratcd=porer volue, T
Tigurce 55 indlecte that 2 movencas of the vaste-zntce v:lvc
fron twia—thirds olascd 7 almast Tully closecd was rcouire

attaln the sare manifald »icssure in level F£11:L:% "iu“
exchanger installcd os tiwet abtailned with nn c“cxdﬂrﬁr
linlted scopc »f the suderchorpcer ;dV"SbiﬁatiﬁﬁB 0”*
the presintation »f definitc stoteon
of ncat—c\cnhugcr ingtsllad iﬁns ! tur01nc—s ucrch"rvcr .
porfaornancc, and thw date prosinted ia fijurcs 63, &8 c2é 55
ghould bc intcrprcted =ity rescrvatinn,

The total time thet the heot cxclingers wer: testcl vas
19t sufficient to orovidc o bosis £ar sonclusiong = the
service lifc »f the units. Thc ﬁiscalo petinon whilels va
nbgcrved vihien thic heot cxehongers wore insdected SAC ant
anncar to be cxeessive, Tnc Tnc "uioJ of the eucll cracks
abserved o hient cichanpers 4 oad 7 ot the forva;& cad “Ioic
the flutes werc Joined to~ tler lndlenteld the ciluyrc vns
prabaily due 9 tiic netviad of febricatiosn of thc heot
exchrigers, The ciaciig tere in e reipinn there o enasiler=—
able--anount of foruing and welliing wos reotlred in tic
frorication, and the method »f Joindng the flutos v derrcl
t2 coausc a coneccatration of streces ot this oniat, It wic
alsns boerved tihnt the dlseslarcting I the netal »f
cxchangers 6 tnd 7 wns ncsu aroouneed in thc rc"¢0“ nicre
thie crecks were loc&ted, The dis cqlo'ctiﬁﬂ Hrobooly alicttes
tuat the distribution 27 alr oc 26 sstisfoctﬁ“v t> nrwide
sufficient ennling »f thils ~rer,

In the installatinn 2f cx hengers € and 7, the clamm
connections thileh Jjoined the lieal cachanger tno the exhoust
stecik wrere located witiiin the alr ciwouding and, tberefqrc,
ny leakage 2f cxiieust gos at thene Joinvs would enter tlie
eir streei. thgust—gns leckage at T clann conunecetinng 2f
exchanger 7 vas evidenced by c¢iscnlar:t 3
shroud in the vicialty »f the climss, I & hest=c
installevinn of this tr e were 12 De ueed for cadbin n“"uiag,
a secondary exchanger voulé be deceesatry i arder to avoid

the danger of ;ntra“ucln‘ corcon mandilde inbo tie airnlone
C&Liu. Installationsg similar t3 the croses-Linv L;pe testel
arc n»2% sublect t2 e ntanination Hf the he\tcé alir byr exhnvcot-
grs lenkaze At the attachrient cloino because tiicne chinectione
are lncoted nutside the air »assores; uowever, 0. secnadary
exchanger nay Ve employed es a Hrecavtionary measire 1n the




eveirt of a ninor foilure 4f'the exhaust~gaes~tn-air heat -
exciianger, ’ :

- * CONCLUDING REMARKS '

The degign requireuents »f hcat esclenger instellations
Tor a trnicel four-engine bonber aiinlane are used £s & basis
for capering the nerforrpance Af tic heot exchengers tosted,
The results inclecated thet the desiyn roic »f heat transfcr
far the 7utboaard accelle heat—exchaouger instellationg vould
proboily be nravided by 21l the heat crclangers tested in
tinse nacelles. It 1s questinnable i any of the hcat
exchaapers tested in the inboerd nrcelles vould provide the
rate 2f heat transfer sneclficé Ior tiidze nocclles., For all
the heat oxcuarrers tcstod, 1t was founl that the air-szide
prcssurc €rap acrnss thie exclhangers wos oigh and resulted in
1ov air-Tlotr rates and in most caces il alr-tcoperaturce
risece, : .

The fleme—suppression tests results showed that the ol
ing of the exhaust stacks and turbine-suncrchorger parts wes -
nara vislble than the exheuet gas floniug,

The linited Tata obtaliaed 2n tlic effect »f o Lieat-ciclnuiger
instollntlnn »2n the operati-on of o turvine supcrchorper
indleatcd thrnt the criticel altitude 7 ¥c surcrehorger I
rated—ciginc-povwer conditions wae ant alffceted o thic lwent-
exchanger installation, Thesc date alen shidv $hwed, T2 & glvan
engince nenifnld pressurc, groater clogurs o the wasto-rate
butterfly valve wvas roculrceé wvlith tie exchonger instoizceld tiien
with~at the cxchanger luatalled,

Ancs Acronauticcl Labarctory,
fationol advisary Connittee for L:ironautics,
I:nffett Field, Celif,, april 19, 19hl,
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TABLE I.= DATA RECORIRO FOR EXCHANGER 1 TESTED
IN NACELLE 1 OF THE B-17F AIRPLANE

MATIONSL ®DviSDAY
COMSITIEE FIR ALAINAVTICS

e mamber 1 ] 3 [y s [ 7 8 [] 10 1
“PITHE smdltions ¥,0. Tlisb | C1imb| Level| Clisb| Level |Deseent | Desoant Pesosnt
Waifold pressure, 1n, Hgt
Nos 1 engine - - - - - 18| 44 37| 36.5{ 38.8 2a 37| 26,3 20 19 20
No. 2 engine - - - -- 18] « 37] 38.,5| 38.5 28 57 26 20 1% 20
No, 3 angine - - - - - 14| 44| 38.3] 38.5| b8.3 23 37 27)  19.5 19 20
o, 4 eugine = - = - - 18| 44 38,3 30.3] 38,3 28 37] 27.5] 19.3 19 20
e speed, T
%o. 1 engine --- = =| 1180|2500 2800] 2300 2300] 1800] 2500| 1900] 1800 1600
fo, Z ongine ¢ - = = - =] 1150|2500 2300] 2300| 2300| 1800| 2300 1900] 1800 1800 .
No, S engine - = - « = = =] 1150|2500 | 2300] 2300| 2300 1823| 2300| 2080| 1800 1800
Mo, 4 aneine = = = » = = - - - -] 1200|2500 | 2300] 2300] 2300| 1s23] 2300| 18900| 1800 1800
Indicated sirspsad, mph = = = = =] eeee f—--| 154] 233 155] 128] 135] 129 153 160
o [se Y, . RO 000|200 [, a00] A0V B3
Pressure altituda, ft = = = = = =| level Jevel | 7,000]12,000]16,400] “*™"[24,300 |+ 21,500 3,000
Ure 8 Br,
automstio rich or lean = = = = o] AR, |AsRe | %eRef AoRe| AsRe| Aale] AcRe| 4oLe AJLs AoLe
- Yeuperitures, OFT
Ambiant 8ir o o c e == = = = = 65| ez 57 48 17 14 12 -9 -2 [
Tyge exheust gas §8 - - = = o o] —e-eeeo| 1654 1384| 1546 1626| 1378 1680| 1586 1596
e0 OXhBUSE stack well at Tyg -| 527 |——-| avel 908] ol0] 1loz2] 1114] 1110] 1007 79
T41e oxhsust stnok well st Tgg -] 337 |e—=| 900] 1084] 1032| 1072] 1087] 1158 953 816
. T gs exheust stack well st Tgg o| 01 [ecee| wcec] come] o] 1149] 11245] 1203 097 866
Tqgs oxhaust ges out = = - = - < 950 f —=a | 1462] 1480] 1478| 1822| eome| cmme| oo —
Tege 9xhaust stmok wall st Toy - 28] | ewmn | mmme) wwma]  we 42 T04 [ — 393
Tygs oxhaust stack well at Tgy =| 440 [<a| 825 @ea] 50| 0S| 900| s98 7989 565
Tqgs 8ir out -| 30v| aea| 47e] 405] 485| 47| ©&36| 320 440 ss2
Teos 8ir ovt o] B517|weaa| 469 495 4ca| 482| 44| E25 428 307
Ty, 8ir out > survey - =] B50T|ew=—w| 436] 474] a72] 487] 520} 4re 598 290
Tigs 8ir aut =w| 294 f-=a=| @40} 452} 450] 43a] 495] 4bO 373 280
Tygs sir out =] 279)ee=a| 404] a18] 14| b592| ara| 399 340 264
Tyq, sxohanger outlet = o] 23] == 428] 37| 437| a24] 498] 438 353 251
Typs oxchanger shroud - 138 | o= | @mes] ecce] ec=a 200 280 208 213 120
Tgge vxhsust shroud, forwsrd - - 130 |.—-| 180] 14a] 137] 187| 283] 1% 310 130
'5}' exhsust shroud, eft - - - -] 131 26¢ | 276] 09| 523 325] a0 400 257 127
sures
3Py azhsust ges in, statis - - 31 | 36,3 | 65.8] =28.4 a7 20| 26.5] 18.4 13 [
: n-Faze Saheust me stotio abg [ =~—| 3.5| 2.9] 62| 33| eem] cmmm] cmme| - ——
JF28s 84r 15, stetio - e oa ool 25| 25| 13.3] 15.5] 12.8] 103 12 16] 12.3 14
oFaqs 8 tn totsl, top = = = - =|  2,5| == | 13.3| 15.3| 12.9| 10,6| 11.9| 10.0] 12,7 lded
oFexs afr in totsl, osstar = o =i 25| ———| 13.7| 15.4{ 15,0f 10.8] 12.2| 10:3| 12.7 1404
g» 8iF n totsl, bottom = = =] 2.3| === | 13,5 12,5} 15.0f 11,0| 12.0] 10.4] 12.9 ——
Lr:,, 8ir out, atetio = = = o = o] 1.5] aca= | 0.4 <0.8] -0.8] -l.2 -1 =1] -1.8 «1

3 Inehas of mereury, ebscluts.
® Inshas of watar.
® Inches of watar, referred to ambient statio pressure,




o 18 A AT

TABLE Il.- DATA HEECORIED FOR EXCHANGER 3 TRSTED
IN NACELLE 3 OF TNE R=1T7P AIRPLANE
woTIONAL aCSlSORY
COMMITTEE 504 SEMINAUTIES

T nuwber ® 10 11

Tlight condition
“VoaIToW pressure, In, Mg

Hoo 1 englus = =~ = = =
Hos & angivw « ~ = -

jCini
isated airspeed,

Presture altituds, ft o
e CTH

sutomatic rich or lean = -
peratures, °Fs

Anbiont alr = e = o o = o

230s oxhauct ges in - - -

;ll' exhaust stack wall st
.

exhaust stack wall at
g3e oxhaust stack wall at
Toge oxhaust gas out - = =
Togs txbaust stack wall at
fr. exhaust stack wall at
Tgqs exhaust stack wall at
230, air out -
"l' aldr out -
Zaqs 8ir aut Psurvey -

sir out -

alr out -
Tage heater gutlet, skin -
Tygs Meater shrovd, skin -
T39s extmust shroud, forward
T3ae oxhaust shroud, aft - =
'FE-T-OT- "
Pyqs exhaust gas in, stetic = =
I,{l.’
oy

1°Pyg. exhsust gs, OFy, static
s o alir in, total, top - =~ =
sir in, total, center - -
air in, total, bottom = =

sir i, static
air out, statis = « =

L lnches of wercury, absolute,
S1nches of water,
3Inohes of watsr, referred to static pr




TABLE 11l.,= DATA RECORVED MOR SICHARGRR 3 TESTED
I EACELLE ¢ OF TAR B.17F AIRPLANE

NAtIdMAL BTF{ ST
LIVMITTEE $0A aL@ONAUTICS

e nmaber 3 8 10

Pight comiitions Clisd Level
“Balfeld wreasure, in, Rgt
s ) UEING = = = = = = 8,5 38 26,8
Nos Bangine - = = = =« 878 26
Yo, § wmg LR 30 27
4 98 « @ = = = = 39 27.5.
spoed, rERY
Jou 1 GOEINS = = =« « = 2300 1900
.- 2300 1900
2600 300§ 182 2040 1800 1800

180 = « = = o o = o = 2300 2300} 1900 800

Indiented sirepved, aph - - - - 108 156 134 129 150, 156

[ ’ '» »
Frossare altltude, ff « « « - - level} 7,200 17,000

e 8 ™ I
awtomatis rich or lean = - = ~ A.Be) AoBs A.Le Auks
tures, s
Asbiemt 88F « v v v oo -
Ty, subnust gas I8 « - - = »
'l%, oxhanst stask wall st T3
Ty, sxhamet stask wall ot T)
Ty, exhaust gas oot - - - -
Tg, sxlmmet stack mll ot Tg
Ty, anhawt stask wmll st T5
Tgo exhawst stack well st Ty
231, 8ir out
2 ir out

4 -8 16
1500 1600
1016

832
1374

o BAr owt
sir owt
2gs BIr out
T1ge hester outlet, ekin
237, bester shroud, skin -
Tyg, sxhaust shroud, forwerd

Tyg, oxhautt shroud, aft « -
-#:inl
3 Py, exhaust gus in, statis

2 . statie, A -
a :"lh'p:l statis - ?- -
S Py, alr ia total, top - -

Pgs oir ia total, cemter
3 Fg, oir in toksl, bettom
Spy, oir et statis - -«

Tushes of meresry, abaclwts.
Slgshes of wter.
SZuehas of water, referred to anbient statie presswre.
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Pigure 2.- Heat exchanger used in the original thermal
ice-prevention system of the E-17F airplane.
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Figure 6.- Keat exchanger 2 as altered for installation in
the RB-17F airplane. Weight as shown, 39.6 pounds.
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Pigure B, Eeat exchanger % as installed in the B-17F
airplane. weight as shown, 29.0 pounds.
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e 10.- Heat exchanger l as installed in the B-17F
airplane, Welght as shown, 21.l; pounds,

Figur
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Figure 12,- Heat exchanger 5. Alr Inlet and outlet openings
were slightly enlarged when installed in the B-17F
alrplane. Welght as shown, 33.0 pounds,

47
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Figure 1l.- Heat exchanger & as installed in the B=-17F
airplane, Welght as shown, 34.3 pounds. ¥




Figure 15.- Front. and rear views of p
side of heat exchanger 6 tested on
Welght as shown, 3€.5 pounds,

lug in the exhaust-gas
the B-17F airplane,
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Figure 17.- Heat exchanger 7 as installeq in
airplare, Welght as shown, 51.3 pounds,

the B-17F
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Figure 19.- Nacelle 1 exhaust shroud as altered for
heat exchanger 1 installation, B-17F airplane,




Figure 20,~
heat exch

Nacelile 1 exhaust shroug 88 altereq for
anger § installatioy,

B-17r airplane.
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Figure 22.- Mock-up of heated-air outlet for heat
exchanger 7 installation 1in nacelle 3, views

P d

looking outbtoard and aft. B-17F airplane.




Figure 23.- Nacelle L exhaust shroud as altered
for installation of heat exchangers 3, l;, and
5. R-17F airplane,
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A-29

Figure 26.- Feat exchanger 1 installation in nacelle T,
ready for flight, B-17F airplane.
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A=-29

Figure 29.- Heat exchanger 6 installation in
nacelle 1, ready for flight, B-17F airplane.
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Figure %2.- Heat exchanger 2 installation in
nacelle 3, ready for flight,., B-17F airplane,
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nacelle 3,
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Figure 39.- Heat exchanger 3 installation in
nacelle l;, ready for flight. E-17F airplane,.

A



430109aeu2V 404 32is IMNED
Au081A8Y TewOLIE

SNV Ty SLI-F MTA oo

o FITIOMN AN NO/IL V77vtsAny » SNTON

SRLSTELP Lo/l EPDDp>
PALL I s TTe B-72-7

P Ol 7r

- TP
SOLETELY Wtshr FPIPo5
NOIULOTNNOI P5u 708

BN SIPIN P S, /60
PILTIV I PLA A

PIILS
$EC/y TV 250"
LI P 7, 5

g .
Lb.._
==

———

U DT
ACI ITNNOD P57t 708

ACTZS” SIPT»
AEIE oo
SPvpr

YAHOXT LbDp —-Op F&rroLy

VO IS P - W
T IPPOSOIVIIN L - ©

CATOTT  MO/LLPLAP I

ACTIV WP w Ere or0-
FTOOIS L7 Pl

LTVEID OO P

L

S o = 2

i

7 - =

Yt

OPCLANCOS FP770W

(Ll
{

\')\\ SV2 LS PINIT

L70 S
LSRN T

1
[ 10}
L
V4

v

owrro

I &
iz
ok PNV D
WL

<
IDDIPIPI I PN/ B I
Ok VOV L ITE NO/L ISVt
FO/S CFVOLLr20 ' Or7odms
L ISOONIT VO Pt vo07

STPOPOICOIWIIHL DIl LoV

‘
IF ORLrIAy V

LPVIPD SOULTELY Mk s7
TP P07 S NOIUITANGD P s 708

lflﬁq TN SrIop
PrPCLNOD 775 2%
PITLS FSRy TS 250"
TINFE SXPI50 Or Lrasy # orrrosno
TONOIY, S TN s T O8 4000
MOT7H QU TS NOILITS FPF IO

FIILS FECly SIS, FEO

PNHT SKP220 Ok FPLFArr #

ATTLIRG Ot FPAPTFAN FONF 35
o LIS £PILIPO PIWIOr

S VIPLE SPO e TV, FHO"
L ddad
AT TLLIO POV PTONENIXT L PTW

oI FOT ™




TN TSI - ALV~F MPIA  LNONY
‘B FTTIIONN N NOILYTIVASNS B STFONPAMOXT LW, — I PINISS

PV OPLOTN —————
A

214 a0uIY ul¢ 19411000
OFrrogL /7’70 ADE1AGY YWNOII¥N

=

..O.II

- ——
1 o

I

!

FPIA S E POy TV PEO"
L2077 G, 5

N
Ny o/r-

Aor7r wrrrwErs oro

STAIA ONVINY 7L —
LTNISVE SOLS ISV ALY )
EFTETS NILITNNOD TP L 708

AO77r Wro7r # i ss, oro
FOOCILS LFTAY \\\l/,

PTILS $E iy PIS, FE0°
LT T/ .5

PelicdadPd

PVPCUNOD F 7 7T IWHN

NE
F.d
T A

TIPS ST INVLS /80
PIUTIV /P2LN A

PO FIOSETIS X
F 7/FOICOMH FIHL - ®

LPNIIP
LRLT IOV Pk i PFIOrF FOLSTENY LI TP IPPS
DNIT IO L0 PP TP RLON S N NO/LIOTIVNOD PTLIOF
PPILS SO TS, 60
PPV £ 74770
I FTON O INT LITH-

%
TPILL Ol TP, EEC" .
L IPT LOPUNTH FTHO 7174 Ol P# 770

2
IINET SITI8 )

APALIPO ZIF DTSV pw
- @ 277 ¢7 5
PHANCT FTTT2 I —~ | -

I FILVP /I.\\\H\m FOULTESY NLIA
PPV WO SRNNOS ToL 7O
FIILE SEC/w TIS PEO" 77
FINIE SSFION s Sl
QU PRLTAIEY P 27 7LAXC Ol PITTTY
FONETS, E HLIN LPTLIIO OTHIOS




Figure L42.- Heat exchanger l; installation in
nacelle }, ready for flight., B-17F airplane.



Figure L2.

- Heat exchanger l installation in
nacelle 1, ready for flight, B-17F airplane.
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Figure L,5.- Heat exchanger 5 installatlon in
nacelle lj, ready for flight. B-17F airplane.

W



Figure [6.- Heat exchanger 5 shrouded for final instale
lation in nacelle 1 of the B-17F airplane.
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Figure 50.- Heated-alr ducting for final installation of
heat exchanger 5 in nacelle 1; to direct alr to the
left wing outer penel or overboard. B-17F airplane.
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Figure 51,. Final installation of heat eéxchanger 5 in
hacelle 1 of the B-17F airplane, ready for flight,
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Figure 52.- Heat exchanger 7 used for final instal-
lation in nacelle 3 of the RB-17F airplane,



Figure 53.- Cold-air-tempering system for final instal-
lation of exchanger 7 in nacelle 3 showing ducting
from inlet on side of nacelle to heated=air outlet
from heat exchanger. B-17F airplane.,
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Figure 56.- Heat ex
lation in nacell

changer 3 shrouded for final instal.

e | of the B-

17F airplane.
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Figure 59.- Heated-alr ducting for final installation
of heat exchanger 3 in naeelle l; to direct air to
the right wing outer panel or overboard, B=-17F
airplane.



Figure 60.- Fin
nacelle ) or

al installation of
the B-17F airplane

heat exchanger 3 in
s ready for flight,

A\



‘INC TSIV AL/

TFHL NO SULSTYL STONCHOXT LVFrH HOF OFS/7? SNOILVITILEM

FOV2L TFIVISSTYer ONE F 700N TrL TVSAL SO S T702s, FT -8 FNIO/S
% o ¥ SPTO FOISHI I
TIIRIL IV
L
TR 2T AN T F OROPRS
I A
4 A

&
FIIOOI  FIFLS SIIAVLSE
T IO SF LSRR FO
TIDA P IA PP
r-r zr
AP L12D FE TPLCOL
’ V

R il
SN DI T POT FTLTVT I
4 AW L I STO7R >
PrPCONL IO VLS =
o %h\\\@..]ﬁ

FIIN LTI XD
Wiyt A AN
. PP OION XU VTP 4
VIS A PN TN L OO
FHIN TTOOOIOIVY TN
NrLNILTNGS FOP7 PP v —]

PSLTI FIAPS 3\
T PO FF s 7
B a2l lid AT DI OIIIR?
P2 ITFLS
SR IAPLL A

LN SO/ -5 PP
FOF QUL SV TAPSLS
O PO IO ONF Ok
o dac 8 o ‘%5\‘#
P2y FALS
P O - 10970 FHIO
PErE WITIVII TP
TIVIIS Ok TEIU OITPD

FATTI FPFLS
LIS O QLN O S, T —

PIVAC 470 OL OFLTOP FO
RILPAIE P PF7U I ILAPON
@ PP 7T LI YIS T

PP

L | ﬁ
_.r - - mril vo. f
ZLIN SNVILI 775N

ﬁ NHONL, TF
Gl A _
AP 77O

SR onSos Lo
\t\%..\\!v\\\?\\ 4

FO wrowezy oo ¥
LA
WLI GITHIVLLY #O

PIFN £ X0 Ok OPC 77
FAAL 7T LIRS 7L

XTI WIUNL, 200l
e
LW F POLITANOS 3
SPIP, £ CIrONIL o
Svsisy O FHTTIS

FTOW £207 0
PO 708 FIA 270

PIREIN PN,
rons, B epr S

LA b0 430 £

-’y \Q/Q\ PIIIIED
THL STTN
o IINL
"
FLY 7T WL
AISLL IO A7 8 - .
TR PIOIOIOMIPIL

L4
L ITSNT QL \§W\
7N
NILN O TVOL VDI, O7C

L4 \\\u\\\!\\\Aﬁn
//. !
=
FON PTIT7OI0M YT L
TINITE Z0MOIND 87 SAY-

27 L0 A OFUTOR
IV R \r“y“‘ %
AN IIYIF, Fa V\ x5
STF N PTS(POI0NIPHL
APLNVIL SO VOIS P GN-




19

Figure 62.- Quadruple -shielded thermocouple used to
measure exhaust-gas temperatures. B-17F airplane,
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