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u—. The tumss) is @ return flov type of rectanguler oress seotion. The air

fyem « largs drive fan through refrigerstion colls, past the water spray eystem
.  Sest section, had back throngh the faze The best seetion of the tumnel is §
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. conlustel sem Sime ap 1n W @Sffuser of te Somsl, where crosseesetiom) dimeasicas
allgwed eperation of & fullescale propeller. An airplane fuselage together with the
*nmﬁmumum The first stufies were mads
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e extermal blade surfasss, while later studiss lmwlved the use of hot ;as which was
Satvedused st the blade shasks, passed Hirough hollew stsel blades, md exhausted st
the Made tige. Mectrical heatisg is & highly offlelsnt ayston emd dJemls itself to
intermitturt applicetion of slestrical power W9 produce comtrolled sheddis o @
<tuatlons, This method ayelical do-foing tias allows & sipniricsat redu tion of tue
elootrical power requirsd for propellsr pretestiom. :

Nor oo installatiom where lee throws!! is particularly ubdesirable, somtimuus
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. e propeller blades with hot gas. Protestion of propeller by means of hot gas has
- poges iuvestigated using fully hollew blades end alse blades pertitiomsd redially te
. the Motegas system, part of the evallable heat is lost as the gas is exheusted fm
-+ yne Slade tip, Martitioning the blade, howewer, reduces the flew requiremeats snd more
pully wiilises the available loat so that the hesting efficlency of the blade is
 imoresseds The vil upl showm om this chart represest host input in Dtu por howr fer
- eing protection of & singe blade, 2000 Btu por hour are reguired for gyeled slestrieal
poating using a "powereon® period @f 20 cut of 80 seconds, and 68500 Dtu per how por
_ vlade are mosssary for steady eloctrical beating. Yur these cases, the wix lester
.+ sovered the forward §2 30 pereest of the blade sad extended to 70 perosut of radius,
" Using the hofegas aystem which hests the blads throughoud, 19,000 Btu per hour per
{ blade are required for protectica with a partition Lastalled st 30 pereest of cherd, and
(7000 Btu per hour por tlade for sn umgertitionsd Made, Although the hetegas sysiem
. has mayy adventages and cen be adapted %o & grest mmber of imstallatioms, greater
officionay of such a systom must Do realised o Justify its use. Amiytical studiss
. heve indlcated thot i-proved istermal partitisms, plus the additien of mere surface
" for heat transfer to the leading edge, will imereass the officlemey of the hetegas
netiod of propeller blade heating and redige the heating requiremmnts to sppreximtely
ke 9000 Dtu per “our blade using a partition et 30 poress® of cherd,

Further lnformation concerzing leing ressareh with specific regard %o jJet
engines will be discussed by Wr, Celleghen,
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TURBOJET ICE PREVENTION

WITH HOT GAS BLEEDBACK
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ANNUAL [ISPFEOTION —= OCTOBER 8-9-10, 1947
TURBOJET RESEARCH
B B Callaghan

h“*h“ﬂﬁwbumﬂ,mh.ﬂ
felng eondition, the 108s ia air flow and the consequent ineresse iz tail pips tempera-
tare is wually prohibitive %o contimued operetion; it is, therefore, sssential that
c‘--ctmumimmmmu '
hmmmemﬁmmm

© telag favestigeted ot this ladoratery. The first systen willises the prisiple of
~ Sssetis separaticn; that is, since the water droplets are heavier than the air, it

89 pesaible by suiteble dust design te separste the water from the air sutering the

engine ccapressor dus to the greater imertis of the water, The second system imvolves

'-ﬁmmhmuwcummm-w

mmm The third systen 15 %o hest cach of the separate soaponents
subjost 1o Leing above the fressing lovel. Only the first twe methods will be dis-
owoed ot this time. A progran to isvestigate the effectivencss of wsing sach of the
separste componsats hex just heem started. -

3 wrmmmunanwm
18 the inertis sephretion favestigeticn. This design consists of e consentris dusts.

Wnder normal f1ight conditicns, air esters the inlet and passes through the iamsr

@ust, Whes there are sufficlent water droplets ia the air %o esuse icing, ths screes,
ﬂuumuuu-i.mu—-w. As this process
progresses, sir suicmatieally starts passing through the outer dust in grester
quatitios wiil fisslly all the alr is passing through the dust. The air eatering
the outer duct makes s sharp turm redially and the wmter droplets, because of their
grester inertla, are weble to follow and pass inte the chasber formed by the isser
@uet and screen vhere they are retained as & harmless ioe formation which may be

malted after the plane leaves the leing eonditisas,
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inlet air and water droplets are raised above the freesing lewel. Hot gas at abewt

.,‘m‘ruuuhduum.m-mqmmuummd

{njected into the inlet alrstrean through small holes locsted areund the periphery of
the nacelle ialet. The locatiea of sises of these boles can be seen in the medels
shown here. The hot gases eater the inlet airstrean at very high velocities dwe
to the high pressures svailable at the turbime islet. Becsuse of thess high velosities,
mpmmunuqun.mu;uummmydummm. It
hes besn determined that, if 4 perceat of the ialet air is bled back, adequate iee
protestion can be obtained at asbleat air tesperatures as low as -20° 7,

Both systess discussed involve pemalties of an serodymamic, veight, and strustural
nature, For the imertis separation type nacelle ia iciag conditions where the
alternate duct is employed, there is g thrust loes of about 10 perceat caused Wy o

;t}muuuzom The aerodynssic penslties of the hot-gas bleedbeck systems

are a thrust loss of about 19 perceat of shich 15 pereent is caused by the redustiea
ia alr density due to heating the air and 4 pereent to bleedback. HResearch is esa-
tinuing on both the inertla separation and hot-gas bleedback systems to reduse these

perforaance penalties.
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s WING TCTNG RESEARCH AND TUNNEL DENONSTRAYION
' V.0 Rellia
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 delelng with elestrical beeting aloments will reduce the desand on the aireralt gemsrsting
hwmum-hmu). Tals research will
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| The desenstration can be observed fron either the top or side of the test section

: ,dunmammeumum Progress of the

Eentiittion cot o Fulieted on s Jangs chard over the Smmnel centvel pasial siatler
‘ﬁ.l-ll.“ After the tunnsl hes reached operating ccaditions of 350 miles

~ per howrs and 20° 7, the sprays are taraed on s iadlested by the blue light to the

3 ﬂulbunlnm bmhmmum?-znmmu
Q“uwubm This 15 shown oa the chart iy the red light and

;w’-udud.mup. This cyele of events will be repeated

“hmmnmmbmumu,utmwm

ﬁdﬁ“ If you will take the stairs on Jouwr right, Jou esa 2ow observe
thuncudut—amm (I will be glad %o
“*unmum) 17
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SUPERSONIC RESEARCYH PACILITIES
D.D.Wyatt

Description of facilities. - Housed in this building are several of the larger
anu-;'?hnto-u. The arrangesmnt of the taummels 1s
.—-unmmAgbm.M.mu—hn
staospheric air from a common scurce and discharge into a camon surge tenk, frem
whence the alr is drawn into the altitude wind tume)l exhewsting pumps. Defore
emtering the tumnels, the air is passed through an activated-aluming air drier and
past electrical hesting elements totaling 3000 kilowatts. The drying and hesting are
necessary in order to avolid tumnel disturbances originsting from moisture condensation
during the tamnel expansion pmesss. The tusnsls have gate valves at sach end, sinee
only ons tummsl ean be opersted at & time. '

This room will soon house a tunnel having a 2- by 2-foot teast sectiom which will
operste at spesds up to 1800 miles am hour, corresponding teo Mach mumbers wp te 5.0.
On the mext floor below is a tumwl with & test section 20 inches in diamster whish
is opsrated at & Nach mumber of 1.90. Tw floors dowm is & tummel with an 18- Wy
16-ingh test segtion, cwrently operated at & Mash muber of 1.05, Wt capible of
operation between Mach mmbers of 1.) and 4.0 through the use of interchangesble
nossles. The 20-inch and 18- by 18-inch S:mnels were plased in operation ia 1945,
Below the 18- by 18-inch tumnsl 4s the comirol roem from which all the tumnels are
opersted and in w ich pressure and temperature data are recorded.

The 20-inch tunnel is Surrently being uwsed in the study of supersomic & ffusien
in the presence of combustion. The 18- by 18-inch tumme) 1s being used for asrodynanis
adies md to investigate the performance of variocus ram-jet engine inlets.

Discussion of current work. - Improvement of tie officiency of supersonic engine
inlsts is an important research goal beemuse of the critical effect of tetal-pressure
recovery on the thrust coefficient of the rem-Jet englme, wiich 1is ene of the most

g/
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: . plants for supersomic flight. This effect 1s shown on the next
@hart, Where thrust seefficient is plotted against flight Nash musber for several

“‘”M“p These thrwt coefficients are based on

. the medmm frontal eres of the re $ot, wich would be at the cosbustion chasber
" fov the parts of the eurves having positive slepe, and at the inlet for the parts of

the owrve having negstive slope. A-.-u-lurmwu&-“um

 Goshustien corresponding 9e & Mach mumber of 0.2 has been asgumed on these curves,

In the lowsr Kach number Junge dhere the copbustion chamber has the largest
ares in e engine, pressure recovery in the inlet has a large influemce on the threst

- eesfficiont, Part of the increase in thrust coefficient with incressed pressure
" sesewery comes from the improved thermodymamic efficiency of the engime, but the

sajor isprevenent comes from the fast that,as the inlet efficiency is incressed, mere
7= sm pase through & given slsed cosbustion @ mber at the same velocity, md the
*“m-unm

' D”M.utnh-—mh-ohqu-n-tu
oobustion chaser, mincrease in prespure recovery mo longer increages the air flow

. per wnit maxisns areq end the thrust evefficient &s only slightly incressed.

Seomose of the reat gaing in thrust cosfficient from increased pressure
yesovery in the lower speed rangs, inlst dseigns which increase both pressurs

* wesovery md drag will be peruisssble, provided of eourse that the added drag is
e than the ineresss in thruet coeffisient. In the Mgher Vesh mmber runge,

’r

howsver, extreme esre smet be taken that increased pressure recoveries mre mot

asoempeniod by op inereases in 1alet @reg. |
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sirstream prior to formation of a normal shock wave, The amount of inlet eomtrustiom
wuﬂﬂm“muuh-ﬂ.‘..““mhm
recovery are not possible. At a Mach nusber of 1.85, we have cbtained 8 psreent
muutmvpamaumunmm-mmo&
sonic type inlet.
. The lower left [igere illustrates s spils type inlet, which achieves increased
ressure recovery throngh imdtial reduction of inlet airspeed through formation of am
externsl ohlique shock. At a Mach muber of 1.85, we have achisved 92 percent
recovery with a single-shock spile of the type showm, and higher values with a con-
tinuously curved spiks.
E The upper right figure illustrates an NiCA perforated convergent-divergent
inlet. In this inlet, the contractisn can be made grest emough to give sonic weloeity
&% the throat. The perforations act to relieve the excess mass flow so that the
Lﬁu-x-nmmm.u--muuuymm“y-ﬁ-—xm
is swallowed, Preliminary experimemts on this type of inlet at & Mach mmber of 1.05
have given a recovery of 9) percenmt.
In the lower right figure is chown a combinztion of aingle-shock spike aad
perforated inlet principles. Intermal ean‘raction is added to the spiked inlet,
and the perforations are sdded to pormit the shock to enter. With this type of
diffuser, recoveries as high as 95 percent have been cbtained at a Mach musber of
- F19.70
mmm/\mm-_wmsudm
diffuser types over a range of Vach mumbers, The data st a Mach mumber of 1.0
"wwnmum,mmummmnmuﬁq
laboratory of the NACA. ﬂnl.u‘mmth-l-mdﬁm

Wv‘mt:&u mum-munw”m-tu
the normal shock contained in the diffuser, and the upper curve shows single-shock
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spike inlets with the normal sheck shead of the inlet. Although the latter case

¢ e consistently higher recoveries over the whole rmge of Nach nubers, dreg
considerations (which yed remain to be determined) may render these inlets undesirable
" for high-speed flight. Muture research will be devoted to & comprehemsive study of
'mﬁu—u-wmawﬂm.
Disgussion of demonstretion.- Oms ef our research tecls is an optical systes

" (called the Schlieren system) whereby shock waves may be seen and photographed. We
" have arranged %o operate the 18- by 13-inch tumel and to televise the Sehlieren
picture t» the screen on the left. wmw&}\&mwdmw
of the perforated indt which 1s mew ia the tummel, After the tummal is started, you
will see & normal shock stamiing thead of the ialet as shomn in the left plivtograph.
The ocutlet area will then de enlarged to allow the mormal shock to emter as in the

" osond and third photogrephs. Yotice the chmged appearanse of the shock waves during
this procedure. The maximm recover 1s obtaimed with the novml shock comnletely
ingi de the wnit, DNuring the Ammonstration, the pereent pressure recovery of the
inlet will he indicated en the calibrated dial next %e the televised image.

(Vesonstrat ion)

"eli™Wiolh
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ALT/TUDE W/ND [ONNEL KXESEARCH
by W.A.Flemimg

The altitude wind tunnel was constructed for research on full-scale
raft engine installations at altitude flight conditions. A plan view
the wind tunnel and its facilities is shown in the first =ln

to accommodate full-scale engine nacelles in the altitude wind
s the test section was made 20 feet in diameter and 4O feet long.
these engine installations were to be investigated at airspeeds
400 and 500 miles per hour, it was necessary to install an 18,000
horsepower electric motor which drove a 32-foot diameter propeller. To
simulate altitude conditions required both a reduced pressure and a reduced
temperature within the tunnel. Reduction of the pressures in the tunnel

requires four reciprocating-type exhavster units which together absorb 7000
horsepower, Reduction of the temperature in the tunnel, to simulate
temperatures encountered at high altitude flight conditions, requires a
21,000 horsepower refrigeration system for cooling the tunnel air. Because
the engine exhausted directly into the tunnel test section, this meant that
the air within the tunnel had to be constantly changed.. Air at atmospheric
pressure is dried, refrigerated, and then bled into the tunnel to replace
the burned gas exhausted by the engine. Induction of this additiona] air
requires that the exhauster capacity not only be great enough to maintain
the desired test altitude but that the exhausters also have sufficient
capacity to handle the fresh air bled into the tunnel.

3

i

Work has been done in the altitude wind tunnel on both reciprocating
and jet engines. Some of these have been investigated with complete wing
nacelles or fuselage installations., Other engines have been installed in
special nacelles constructed at this laboratory. Recent work in the
altitude wind tumnel has been almost completely devoted to investigations
of various types of jet engines,

Operational and performance data of the entire engine are determined
at various altitude flight conditions, as well as the performance of the
various engine components operating in the engine. Engine operational data
include a mmber of phases; The operating range of the engine is established
at various altitudes and it is determined whether the operating range is
limited by high turbine temperature, faulty combustion, ér other reasons.
The windmilling drag of the engine is also determined; that is, the drag
of an engine which is inoperative and which is allowed to windmill while in
flight., Starting and acceleration characteristics of the engine are deter-
mined at all altitudes and the maximum altitude at which it is possible to
start the engine is established. Investigations are made to test the ability
of the engine fuel systems to compensate for changes in altitude and airspeed,
4n wuch a mamner as to maintain a fixed engine spe¢d for a given throttle

setting at all flight conditionms. FIQ- 7 3

The opsrating range of a typical tm‘bojct%ngim for a range of .altitudes

up to 50,000 feet is shown 4n the E&%ﬁ! This figure is somewhat
similar to one which was shown by on Research Pranch. This

L , homever, is the operational limits of the entire engine tested at
tude flight conditions, whereas the curve presented by the Combustion
Research Branch was one for an individual combustion chamber operating at
conditions simulating those within an engine in flight at high altitudes,
It should be noted that at very high altitues the operating range of the
engine was greatly reduced from that at lower altitudes,

e

Fig.72
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The wi 1ling drag of a turbojet engine in flight is presented in the
third figure/ Here the windmilling drag is presented in terms of percent of
maximum net thrust of the engine. As the airspeed is raised, the windmilling
drag increases quite rapidly. At a speed of 500 miles per hour, the drag
of the engine is 12} percent of the rated engine thrust at that flight
condition.

Because the trend in aviation is to fly at ever-increasing speeds, the
NACA is conducting a research program to increase the thrust of various types
of jet engines. Some typical performance data obtained in the altitude wind
tunnel which cover one phase of this program are presented in the next two 5 e a
figures, In the fourth figure is presented a comparison of the net thrust fig 75
per unit frontal area obtained with a turbojet engine, a turbojet engine
with tail-pipe burning, and .a ram jet engine. The curve shows that the
thrust of the turbojet engine increases only slightly as the airspeed is
raised; however, the thrust of the turbojet engine with tail-pipe burning
increases nuite rapidly, and at an airspeed of 600 miler per hour the
thrust with tail-pipe burning is twice that obtzined with the same turbojet
engine and no' tail-pipe burning. Thrust of the ram jet enzine is considerably
lower than that of the turbojet engine or that of the turbojet engins with
tail-pipe burning at low airspeeds. However, at airspeeds above 500 miles
per hour the thrust of the ram jet increases quite rapidly and the ram jet
thrust equals that of the turbojet engine at about 630 miles per hour, and
equals that of the turbojet engine with tail-pipe burning at a flight speed
of about 920 miles per hour. .

- Fig- 76

To complete the comparison of the three\engines, the specific fuel
consumption is presented in the fifth figure. This figure shows that the
specific fuel aonsumption for the turbojet engine increases slightly with
airspeed and is lower than that of either the ram jet or the turbojet with
tail-pipe burning at all airspeeds, The specific fuel consumption of the
turbojet enzgine with tail-pipe bur .12 somewhat higher than that of the
turbojet engine at all airspeeds,’, at low airspeeds, and remaining
uniform at airspeeds above about 300 miles per hour. The specific fuel
consumption for the ram jet is very high at low airsreeds and decreases
rapidly as the airspeed is raised. At speeds as high as 1000 miles per
hour, homever, the specific fuel consumption of the ram jet is considerably
higher than that of the turbojet or turbojet with tail-pipe burning.
Improvements of combustion efficiency in the ram jet engine and the turbojet
cngine tail-pipe burner will further lower the specific fuel consmptions
‘of these engines.

W, A, Fleming:koc
October 8, 9, 10, 1947 F
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