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THERE HAS BEEN A GREAT DEAL OF THOUGUT AND STUDY GIVEN TO THE PROBLEW OF
HIGH ALTITUDE FLYING. ALONG YITH THE CONSCIENWTIOUS EFTURTS OF COMPETENT SCIENTISTS,
1MACINATIVE SOULS HAVE TRANSFERRED THEIR FONDEST OREAMS TO THE STRATOSPHERE AS SCRT
CF #N AVIATION LILLENIIUM. THESE FANTASIES HAVE MISLED THE LAY PUBLIC UNTIL THE
AVERAGE MAN ON THE STHREET EXPECTS NEAT YEAR, UR THE YEAR AFTER, TO TRAVEL iH. THE
STRATOSPHERE AROUND THE WORLD AT 1,000 MILES AN HOUR. THE RESEARCH FLYING CARPIED.
ON BY TWA HAS BARELY ENTERED A WEDGE INTG A. USKNOWN REALM, HOVEVER, SUFFICIERT
FACTUAL DATA AND POSITIVE EXPERIENCE HAVE BEENM OBTAIWED TO CARRY THIS WORK FURTHER
WITH & SOUND CONCEST OF THE ECONGMIC POSSICILITIES AND TECHNICAL FRGELEWS INVOLVED,

WHEN TWA, l& THE FalL OF [954, pECIDFD TG LOOK IM70 THE FUTURE OF HIGH
ALTITUDE FLYING, THE PRINCIPAL CEJECT!VES WERE: {1) To CHOOSE THE BEST METHGD OF
SUPERCHARGI NG To 20,000 FEET AwD ACOVE, AND EQUIF Al ENGINE FOR RATED POYER OPERA=
TioN AT 30,000 FEET: (2) DETERMINE THE ACTUAL |NCREASE OF SPEED #ITH ALTITUDE AS A
CHECK AGAINST THEORY; (3) MAKE ACTUAL UEASUKEIENTS OF SPEED AT 30,000 FeeT 70
FURTHER CHEGCK COMPUTED TAHUE AIR SFEEDS) (4) MAKE EXTEHDED CkOSS CUURTRY FLIGHTS
UoVER WEATHERY TO OETERMINE FCRGE AfJ DIRECTION OF | KDS AND METEOROLOGICAL CO#DI-
TIONS AT THE BASE OF THE STRATOSPHERE. O(BUECTIVES |, 2 ano 3 HAVE BEEN ACCOIIPLISHED,
ENOUGH EXPERIENCE HAS5 DEEN HAD IN THE COURSE OF 'MCVER WEATHER! FLIGHTS TO SHOW HOW
LITTLE IS KHOWW ABOUT CONDITIONS 47 HM1GH LEVELS ABOUT STORM CONDITIOHS BUT OF THIS,
MORE LATER,

CHOICE OF & SUPERCHARGING METHOD LAY BETWEEN THE GEAR DRIVEN IMPELLER AND
THE EXHAUST TURBINE AS THE MOTIVE FOWER FOR THE IMPELLER. ASIDE FROM THE FLYIRG
DOHE BY WILEY POST wITH THE "WINNIE MAE", WHICH HAD « WASP ENGINE EQUIPPED WITH A
GEAR DRIVEN SUPERCHARGER, NO OTHER HIGH ALTITUGE FLYING OF ANY DURATIOW HAD BEEW
ACCOMPLISHED IN THE COUNTRY WITH THIS TYPE OF SUPERCHARGER. UNFORTURATELY, THERE
VAS NO OATA RECORDLD BY WILEY JOST WHICH WoULD FERMIT AN ANALYTIC EVALUATION OF
THE POWER PLANT OPERATION. Oi TdE OTHES HAND, THE o Se ARMY AIR CORPS HAD BEEW
CARRYING OK THE EXHAUST TURRINE SUFPERCHARGER DEVELOPHENT ALMOST SINCE THE WAR.
NMUMEROUS HIGH ALTITUDE FLIGHTS HAD BEEN xADE ABOVE 30,000 ¢FET AwD THE DEVELOPMENT
OF THE TUGBINE UNIT HAD REACHED A POINT WHERE THE ARWY HAD PLACED AN ORDER FOR
SERVICE AIRPLANES HAVING ENGINES EO0UIPPED WITH EXHAUST DRIVEN TUREINE SUPERCHARGERS.

THECRET!ICALLY aMD PRACTIGALLY, THE ENHAUET TURBINE SUPERCHARGLER OFFERS
ADVANTAGES OVER THE GEAR DRIVEN TYPE. WHEREAS THE GEAR DRIVEN SUPE RCHARGER REACHES
MAX IMUM EFFICIENCY AT OMLY ONE CRUISING ALTITUDE THE FLEXIBILITY OF THE TURBINE
SUPERGCHARGER ENABLES 4 PILOT FLYING GABOVE THE CRITICAL CRUISING ALTITUBDE OF THE
UNSUPERCH/ RGED ENGINE AT FULL THROTTLE TO UTILIZE THE TURBINE SUPE RCHARGER AS
DESIRED, ALVAYS CRUISING AT FULL ENGIME THROTTLE. |N THIS CASE THE ENGINE POWER
DIVERTED TO SUPERCH, RGING IS LIMITED TO THAT ACTUALLY REQUIRED ABUVE THE EIERGY
RECAPTURED FROM THE EXHAUST GAS. THE PRINCIPLE DISADVALTAGES OF THE GEARED SUFPER-
CHARGER ARE THE LOY POWER AVAILABLE FOR TAKEOFF AT SEA LEVEL AND THE EVER PRESENT
FRICTIONAL LOSSES i THE MECHAMICAL GEARIKG REGARDLESS OF THE REQUIRED DEGREE OF
SUPERCHARG | NG.

STRATOSPHERE TESTS WERE [isDE POSSIBLE THROUGH THE COLLAEORATION OF THE
UNITED STATES ARMY AIR COrPS AND THE GENERAL ELECTRIC COMPARY.



THE FIRST TURBINE UNIT Y'AS RECEIVED BY TWA EarLy Iy 1956, AMD INSTALLED [N
A NORTHROP Graildh AIRPLANE POWERED @ ITH A SPECIAL DIRECT DRIVE CvCLONE G ENGINE,
A THREC-PLADED HAMILTON STANDARD CONSTANT SPEED PROPELLER WAS USED. THE USUAL
INSTALLATION AND WECHANICAL DIFFICULTIES GF ANY NEW PROJECT PROLONGED THE TEST PERIOD
WHICH GONTINUED UNTIL THE STRATOSPHERE FLIGHT FROM KA&NSAS CITY To NEW YORK O JANULRY
24, 1937, AFTER WHICH THE TURBINE SUPERCHAHGER WAS TEMPURARILY REMOVED TO MAKE THE
NORTHROP GAMA AVAILABLE FOR OTHER EHGIHE TESTs.

SIGNIFICANT PHASES AND RESULTS OF THE TEST PROGHAM FOLLOW:

OXYGEW SYSTEM

THE OXYGEN EQUIPMENT CONSIGTED OF 4 FIFTEEN LITER LIQUID OXYGEN BOTTLE AND
TWO LIGHT-WEIGHT GaSEGUS OXYGEW #0TTLeS GF 39 CU. FTe CAPACITY EACH. THE LIQUID
OXYGEN CONTAINER WAS LOCATED IR THE OBSERVER'S COCKPIT wWITH & HOT AlR BLAST DIRECTED
AGAINST THE EVAPORATING COILS. THIS HOT Al®, ALSC THE COCKPIT HEAT, CAME FROM THE
INTENSIFIER TUBES IN THE EXHAUST #ANIFOLD FCRMERLY USED FOR CARBURETOR HEAT, NOW
UNNEGESSARY EECAUSE OF THE TURGINE SUPERCHIRGER. (0LD OXYCEM GAS FROM THE EVAPCRATOR
COULD EITHER BE ROUTEOD THROUGH AN OXYGEN ATLRG COIL LOCATED IN THE HOT AIR DI S~
CHARGE FROM THE | NTENSIFIER TULES, OR BYPASSED DI RECTLY T0O THE GREW. IN PRACTICE,
THE VALVES TO THE HEATER AND THE B8YPASS ¥ ADJUSTER 50 THAT THE RESULTIHNG #MIXTURE

OF HEATED AdD COLD OXYGEN PRCDUCED A& TEMFERATURE T THE BREATHINT OUTLETS OF ABLUT

60 DEGREES e

ALL THE OXYQEN GOHTRGLS WELE HANOLED BY THE PILOT, EXCEPT THE MASTER VILVES
AT THE OXYGEN BOTTLES AND THE REDUCENG VALVES WHIGH COATROLLED THE LINE PRESSURE
FRAL THE BOTTLES; THESE VALVES WERE OFERATEG BY THE CBSURVER. FOUR VALVES AND A
PRESSURE GAUGE, COMVENIENTLY GROUPED IN T PILOT'S COCKPIT, COMPRISED THE MAlH
CONTROLS, THESE VALVES WERE:

(1) FRIMER VALVE, USED TO EMPLOY BOTTLE PRESSURE TO QU ICKLY BOUST THE PRESSUKRE IW
THE LIQUID OXYGEN FLASK AND ACCELERATE FLOW OF LIOUID OXYGER [iTO THE EVAPO-
RATING COILSe

(2) COTTLE GXYGEW VALVE JHIGH PUT BCTTLE OXYCEN INTO THE BREATHING SYSTEN.

{(3) L1oUiD OXYGEM VALVE WHIiCH PUT OXYGEN CAS FROM EVAPORATING COILS [MTQ THE

BRELTHI NG SYSTEM.

(4) RELIEF VALVE WHICH CONMTRGLLED THE PRESSURE IN THE LIOQUID OXYGEN FLASK, THUS
DETERAINING THE RATE GF FLOY OF LIQUID CXYGER INTO THE EVAPORATING COILS A
HENGE THE VOLUME 4R PRESSURE OF OXYGEN AVAILABLE AT THE GREATHING OUTLETSs

THE PRACTICE WAS T¢ USE BOTTLE OXY8HEN FOR FLIGHTS OF ILESE THAN TVWC HOURS'
CURATION, AND, AS &N CMERGENCY SUPPLY T4 SO PPL ST THE LIQUIL OXYGENM; FOR LOMGER
FLIGHTS THE LiQUID OXYGEN FLASK WAS FPRINMED TO 15 LeS, PRESSURE PRIOR TO TAKEOFF,
A

VHICH INSURED ADEQUATE EVAPORATED OXYGEH ULD BE AavAlLABLE IN TEM MINUTES. ON
SEVERAL OGGASI IS WHEN GRUISING ABOVE 35,000 FEET 1T WiS NECESSARY TG CUT IN THE
BOTTLE OXYGEN FROM TIME To TiUE TO INSURD AN ADEQUATE 3UPPLY, [NASMUGH A8 AT THESE
LEVELS THE GREY HAD TO BREATHE FURE OXYGEN. ALSC DURI NG RAPIO DESCENTS FROM HIGH
LEVELS, BOCTTLE OXYGEN WAS USED WHEN, DUE TO IHOKEASE [# ATMOSPHERIC PRESSURE, THE
EVAPORATIGH RATE OF THE LIOUID OXYGEH MAHKEDLY DECREASED AND THE OUTPUT OF THE
VAPORIZING CGGILE WaAS WG LONGER SUFFICIENT To SUPPLY THE WEEDS OF THE PILOT AND
OBSERVER.

MATNTATRNING NORMAL HUMARN EFFICGIENCY
YITIGHS OF ALLIOST COMPLETE IHACTIVEITY

THIS OXYGEN EQUIPMENT UAG CAPAD
TO ALTITUDES OF 35,000 FEET UNLY URDER COF
CVER WHEN BREATHING PUKE OXYGER A MAUKED DFGREE OF OXYGEN WANT EXISTED ,.DBOVE

WDk



30,000 FEET SUCH THAT /» SLIGHT DECREASE IN OXYGEH PRESSURE 0N JODELATE ACTIVITY
PRODUCED & CO4XTOSE COMNDITICH ALTHGUGH FalRLY SATISF.CTORY FOR TEST PUPOSES THIS
OXYGEN |NSTALLATIOHN WOULD NOT BE SATISFACTORY FOR ROUTINE OPERATIONS spove 30,000 FT.

COMPLETE LOSS OF THE OXYGEM SURPLY AT 50 Q00 FEET PHCDUCES GHOSS MENTAL
At PHYSICAL INEFFICICNCY IN From 30 To 60 SECONDS, ProLONGED MO0 ERATE OXYGERN WANT
0fR SEVESE OXYSEN WANT FOR A RELATIVELY SHORT PERIOD CAUSES MENTAL RETAGDATION AND
GONFUSION Foir 3U #INUTES OR LONGER AFTER THE GXYGEN WainT HAS BEEN SCLIEVED. THIS
LATTER EFFEC I8 INSIDIOUS ARD VERY HthwDO'S; BECAUSE OF iT, & PILOT CAM UMY TTIHeLY
GET INTO SEGIOUS DIFFICULTY. THIS CONDITION 18 ALMOST INVARIABLY CHITICAL TOWAGRD THE
E#MD OF FLIGHTS AT HIGH ALTITUDES AWND IT IS5 AT THE EHD OF A FLIGHT “HEN APPROACHING A
CESTINATION ON INSTRUMENTS | NVOLVING RADIC ORIENTATION AND DESCLWT THRCUGH THOUSAHDS
OF FEET OF CLOUDS THAT A PILOT NECDS HIS FACULTIES TO BE KEEN ANWND HELIABLE.

J® CONNDOTION WITH THE ORSEARVEDR FiCT OF OXYGEMN WANT THE WRITER EX
SEVERAL |HNSTANCES DURING | NSTRUMEMNT APPRCACH TO DESTIMATION M viliGH |HCREASED SENSE-
TIVITY OF HEARING DUKRING DESCENT, COMBIHED ¥ITH MENTAL RETARDATION, RESULTED IN CCM-~
FLETE MIGINTERPRETATION GF KRADIO & SIGNALSs CLEARING OF EARS BY SWALLOWING DURING
CESGENT, PLUS IMPRCYVIHG SENSE OF HEARING OUE TO RECOVERY FROW CAYGEN WART, YAKES A
FADING RADIO SIGNAL SOUND &5 TiiQUGH ACTUALLY INCREASIMG, THIS IS A COwDl-—-
TION TO 8C GUARDED AGAIHST M ODESCEMD I HG FROM HIGH ALTITUDE AT s~y TIME I|F USING
A RADIC RAMEGE STATIOCWN FOR ORIEHTATION AND APPRGACH,

THE EARLY FLIGHTS WERE QEVUTEO TOC SHOOTHING OUT THE TuRGE CPERATION AND
FIHDING WIEAHS OF "MAINTAINIHG ADEJUATE FUEL PRESSURE T LEVELS /ZpoveE 0,000 FEET.
THE STEPS TAKEWN TC PROVIDE FUEL PRESSURE U® To 35,000 FEET WERE.
G0 Tue 1/27 awo 5/8” DIAMETER FUEL LINES FROM THE TANKS TO THE FUEL- PUMP, YERE
CHANGED TO 3/4% o
{2) THE FUEL PUMP WAS PLACED OUTSIDE AND BELO™ THE BOTTOM UF THE FUSELAGE TC
I NCREASE THE HEAD TC THE PUMP,

[S) THg THREZ LEFT WINC TANKS WERE COMMECTER TG THE VAGUUM PUMP DI SCHMARGE WITH
APPROPRIATE RELIEF VALVE, VALVES FOR CONTROLLING THE PRESSURE ARG TWO ANI-
FOLD PRESSURE GAUGES, OHE TO ATMOS TRE AND THE OTHER TO THE TANKS |N ORDER
THAT DESIRED DIFFERENTIAL PRESSURE COULD BE Wil NTHINED BY GBSERVATION OF
{ESE GAUGES,

0 Rowlc Fed FUEL PULMES CONMECTED N PARALLEL.

) AETER

US EQUIPPED, IT WaS NECESSARY TO USE /IR PRESSURE EL TANKS
oveE 22,000 FEET #HEN USING FULL POWER. ON TAKZOFF THE FUEL SGSURE WAS 4 POUNDS:
AT 22,000 FeeT SEGREASED TO |3 POUNDS. THE APPLICATION OF AlR PRESSURE TO

2
THE TANKS CAUSED THE FUEL PRESSURE TG RISE TO 2% POUNDS (FULL POVPER OPERATION) AND
AAINTALN THIS PReEssure TO 35,000 rFEET. CRulsing AT 500 Horsepower AT 35,000 FEET,
THE FUEL PRESSURE, WITH BOOST ON THE TANKS, WAS 4% POUNDS, WITHCUT THE B00ST ON THE
TAHKS; THE FUEL PRESSURE WAS 2% POUNDS AT WHICH THE ENGINE OPERATED SATISFACTORILY.

IT 18 APPARCNT THAT FUEL SUPPLY iS 4 SERIGUS PRUBLEM I THE STRATOSPHERE.
MOT ONLY IS THE UATTER OF FUEL PRESSURE RIFFICULY BUT ALS0 THE . TTER OF EVAPORATION
IS5 & QUESTION OF UNKNOWH PROPORTIONSG. WE KO DEFINITELY THAT FUEL PUMPS MUST BE
COMPLETELY OROWNED, PREFERABLY ELECTRICALLY OR HYDRAULICAULY ORIVEN AND LOCATED [N
THE BOTTOM OF THE TAKKS. LVAPORATION LOSSES ARE WOT KNoWH. HOWEVER, AS SUCH LOSS
IS IHESCAPABLE WITH PRESENT FUEL s, LT Wil BE NECESSARY BEFQORE EXTEHSIVE OPERATING
1S DONE AT STRaTOSPHERI LEVELS, TO DEVELOP A LESS VOLATILE FUEL, GR TCO PRESSURIZE
THE FUEL TANKS ALONG WITH THE CABIM EVEMN THO UGH FRESSURE I FUEL TAMNS 1S DEFINITELY
UNDESIRAGLE,




TUE CONTROL OF THE TURBINE SUPERCHARGER WAS BY MEANS OF AN AUTOMATIC PRES=—
SURE REGULATOR., THIS DEVICE UTILIZES i SYLPHON AND & DIFFERENTIAL OlL PISTOR EMPLOY-
NG ENGINE OlL PRESSURE TG GONTROL THE EXHAUST WASTE GATE, WHICH It TURN CONTROLS
THE AMOUNT OF EXHAUST GASES PASSING THROUGH THE TURBINE, HENCE THE SPEED OF THE TUR-—
SINE WUEEL AND THE IMPELLER WHICH 1S ON THE SAME SHAFT. THE SYLPHOH IS COMNECTED T2
THE CAKBURETOR IHLET (INTERCCOLER DISCHARGE PRESSURE) AND TO ATWMOSPHERIC PRESSURE.

T AT THE BEGINNING OF THE TESTS TO WAIWNTAIN AT THE CARBURETOR E|THER A FRED-
suRe oF 30 |NGHES HG, OR 26 1HCHES HG,, THE LATTER FOR CRUISI NG. EITHER PRESSURE
coULD 0E SELECTED BY THE PILOT USI NG A CONTROL 1IN THE REAR COCKPIT, E&RLY FLIGHTS
SROVED THAT THE OPERATION OF THE AUTOMATIC CONTROL WAS 600D AT 30 INCHES HGo, BUT
UNSAT | SFACTORY “'HEN OPERATING [# THE CRUISIHG PUSITION, AS THE O URETOR PRESSURE
WOULD SURGE TW0 TO FOUR |RCHES ¥ITH A CORRESPONDIMG SURGE IN ENGIRE GAMIFOLD PRESSURE

1T WAS SE
<

THE BLOWER SPEED OF THE ENG!NE WAS SUCH THWT AT FULL THROTTLE AT SEA LEVEL
W THOUT TURBINE BOOST, THE ENGCINE DEVELOPED FULL RATED POWER. LXPERIENCE THUS FAR
LMD ICATES SUGCH BLOVER SPEED TO BE OESIRABLE FOR TURBINE SUPERCHARGED | NSTALLATIONS
sa 1T PERGITS USE OF AN ENGINE MANIFOLD PRESSURE ALVAYS HIGHER THAN THE CARBURETOR
PEESSURE. | MASMUGCH AS THE EXHAUST BACK PRESSURE, 4T RATED POWER, VLRIES FROM ABOUT
D | NCHES MGe ABOVE CARGURETO K PRESSURE AT SEA LEVEL, TO TWO | NCHES RELOYW CARBURETOR
AT 85,000 FEET 1T 18 DESIRABLE TO GALHTALY THE ENGIHE MANIFOLD PRESSURE AT

PRESSL
LESGT & INCHES HGe HIGHER THAN THE EXHAUST BACK PRESSURE T¢ INSURE GOOD SCAVENG! NG
USE OF LOYER BLOWER SPEEDS |HVOLVING EMPLOYMENT OF TURBINE B0OST 70 SECURE RATED
PUUER REVERSES THIS CONDITION AMY HESULTS 1IN & HIGHER EXHAUST BAQK PRESSURE THAN
ENGINE MANIFOLD PRESSURE.

[ ORDER TO GORBECT THE CARBURETGR PRESSURE SURGH NG DURING HigH ALTITUDE
CRULSING, THE AUTOMATIC PRESSURE REGULATOR UAS MODIFIED TO PERMIT THE fILOT T0O
SELECT ARY DESIRED CARBURETOR P 20 INHCHES HG, TO INCHES HG. FPOWER
CONTROL WITH THIS CHANGE WAS SATISFACTORY ANG WAS AGCCUMPLISHED "9 FOLLOVS: U TAKE=-
OFF, THE AUTOGATIC REGULATOR CONTROL VA8 SET FOR "WASTE GATE OPENT ;3D CLIMB WAS
THE THROTTLE OHLY TO MAITNTALN DESIRED CRUISING CLIK POWER. WHEM FULL
THROTTLE WAS HREACHED, CRITICAL ALTITUDE FOR THE DESIRZED CLIMBING POVEL, THE AUTO-
AATIC REQULATOR CONTRQL wWaS SET SC THAT THE HRESULTING CARBURETOR PRESSURE VAS S
FIGIENT TO JUST Lidb#TAIH THE DESIRED ENGINE A NIFOLD PRESSURE. WITh CONTROLS SO
SET, AND THE I XTURE SET ACCOADI NG TO CAMBRIDGE INDICATOR; NO FURTHER ADJUSTKENT WAS
NEGESSHRY UNTIL CRUISIKE ALTITUDE W48 REACHED THEN THE AJTOWATIC CONTROL WAS READ=
JUSTED TO GiVE THE DESIRED ENGINE MAN IFOLD PRESSURE, SLIGHT M IXTUSGE CHANGE WAS THEN
HECESSARY. THUS, HBOVE CHITICAL LLTITUBE OF THE ENGINE FOR ALLOWABLE CRUISING CLIME
POWER (FULL THHOTTLE), ENGINE CONTROL WAS WHOLLY AGCOMPLI GHED BY MEANS OF THE AUTO~
MATIC WEGULATOR, THE CONTHOL OF ViHlgH BECAME VI aTUALLY A SECGNDARY THROTTLE ABGVYVE
CRITICAL MWLTITUDES

M Ushig

[T APPEARS, FR EXPEGIENGCE, TO EE 4 SOUND PRINCIPLE.IN TURBINE SUPER=
CHARGER OPERATION TO EMPLOY ONLY THE AMOUNT OF TU BOOST NEGCESSARY TO CAUSE THE
SESIRED ENGINE #iN|FOLD PRESSURE. THUS, THE EXHIUST TURBINE OPERATES WITH & MAX T
MUM WASTE GATE OPENING AND THEREFORE MININ EXHAUST BACK PRESSURE. 1T 1S THIS
DEGKRFE OF CONTHOL WHICH CONSTITUTES ONE OF THE PRIME ADVARTAGES OF THE TURBINE SUPER-
CHARGER, ITS FLEXIBLE COUPLING To THE ENHGINE PERMITTING UNDER ALL CORDITIONS THE
MUNLMUY: EXPEND I TURE OF AVAILABLE POWER FOR SUFERCHARGING.

e



A FACTOR WHICGH CAUSED SOME CONCERN DURIME THE EARULIER TEST FLIGHTS WAS THAT
OF CARBURETGR ICE. |T HAD BEEN SUPPOSED THAT THE TEMPERATURE RISE THRG UGH THE COE-
PRESSGR “OULD BE ADEQUATE TO ELIMINATE THIS TRCGUEBLE. DURING DESCENT FROM HIGH LEVEL
I HDICATIONS OF CARBURETOR ICE WERE OBSERVES, |t THIS CONWECTION IT WAS NOTED TH2
THROTTLING BACK OF THE ENGINE KESULTEC IN RAPID DROP OF CARBURETOR PRESSURE DUE TO
THE |NADEQUACY OF EXHAUST GAS TC WAINTAIN THE TURBIHNE SPEEB. |N FACT, IF THE
I8 COLPLETELY THROTTLED AT ABoUT 30,000 FEeT, IT IS DIFFICULT TO BRING THE ENGIKE
BACK. THE CAUSE GF THIS |3 0BVIOuS., WITHOUT TUREIRE BOOST THE ENGINE POWER AVAIL-
ABLE 1S WEGLIGIBLE AND THE AMOUNT OF EXHAUST GAS RESULTINS AT FULL THROTTLE TAKES
SEVER~L BIMUTIS TO BRING THE TURGINE UP TO SPEED. ALSO, IT HJUST BE BORME IN MIKD
THAT LOSS OF TURBINE BOOST CAUSES THE CARBURETOR TO BECCME EXCESSIVELY RICH AND
CUNSIDERABLE LEANING 1S NECESSARY TO EVEN WAKE THE ENGINE RUN UNTIL THE CARBURETOR
PRESSURE BEGING TO BUILD UP, |F THE ENGINE 15 LEFT THROTTLED LOIIG ENOUGH TO ALLOVW
THE TURBINE WHEEL TO NEARLY STOP ROTATING, IT MAY 8E (MPOSSISLE TO START IT UNTIL

m
o
r

THE PLANE HAS DESCENDED T0 arOUND 20,000 FEET. THEREFGRE, IN L ARING DESCENTS, SUFFI-
CIENT POWER SHOULD BE WAl NTAINED TO KEEP THE TURBINE WHEEL TUAHIHG FAST ENCUGH TO
PRODUCE & CONSTANT CARBURETOR FRESSURE.
CONSIDERABLE FLYING YAS DOHE OK INSTRUMENTS I# IGEAL ICE FORWING CONDITIONE
ALTHOUGH NO [NDICATIGRS OF CARPRURETOR ICE ERE (OBSERVED DUHIHG THKE-CFF AND CLIMES,
THE CARBURETOR ADAPTER TEMPERATURES WERE HTLY BELOW 52 DEGREES . THEREFORE,
SHUTTERS COMTROLLABLE FRCX THE COCKPIT WERE PLACED AT THE COOLIWE il R ENTRANCE TO
THE iMTERCOOLER. WITH THESE SHUTTERS CLOSED, 1T WAS POSSIBLE TC KETP ADAPTER TEM-
PERATURE OVER 32 DEGREES Fo AND TO PERUIT & 40 DEGREE F. RANGE OF CONTROL OVER THE
IMTERCOOLER DISCHARGE TEMPERATURE. IT IS POSSIGBLE THAT |# ADDITION TO THE SHUTTERS,
IT @AY BE DESI #:BLE IN BOME [NSTALLATIONS TO PR MEANS FOE TAKING THE AIR
NTO THE COMPRESSOR FROM EITHER OUTSIDE OR FROW THE ENCINE SECTIOH AT THE CONTROL

QF THE PLLOT.

SPARK PLUG TRUUBLE, EVIDENCED BY EHGIHNE ROUGHMESS, Vi3 OZSERVED ABOVE
25,000 FEET, OURING A SERIES OF TEST FLIGHTS MADE [N CCLLABORATION WITH THE ARMY AT
WEIGHT FIELD, PLUGS WERE REMOVED, TESTED, AND NEW OMES INSTALLED PRIOR TO FLIGHTS.
IT WAS CONCLUSIVELY DETERAINED THAT PLUGS WEKE BREAKING DOWN BETWEEW 25,000 AnD
33,000 FEET UNDER FULL POWER OFERATICON. SEVERAL SETS OF PLUGS OPERATED SATISFAC-
TORILY FOR EXTENDED PERIODS AT CRUISING POWER ABovE 30,000 FEET. HOWEVER, BETTER
SPARK PLUGS THAN ANY THEN AVAILABLE WILL 3E REQUIRED TC | NSURE SATISFACTORY OPERATION
AND LIFE AT ALTITUDES Asove 25,500 FEET,

THE RIGHT #AGHNETO WAS FOUKD TO BE UEAD AFTER A CLIMB To 85,000 FEET.
THIS FAILURE ¥AS CAUSED BY THE HIGH TEWSION CIRCUIT ARCING ACROSS ROy THE HIGH TEN-
310N OUTLET TO THE GROUND, THE ARCING HAD BURNED A GROOVE IWTO THE COIL INSULATOR,
THIS WAS THE ONLY MAGNETO FAlLURE.

MO GIFFICULTY OF ANY KIND WAS ENCOUKTERED FROM THE SHIELDED IGNITION
HARNESS,

A SHEET OF CURVES #.S PREPARED SASED oM A PLOT GF ALL
THE SERIES OF THIBTY-THREE FiLIGHTS. Asove 30,000 FEET, THE DATA 15 NOT CONCLUSIVE.
MOWEVER, THE CURVYES i»S8 EXTROPOLATED CHECK REABONABLY WCLL WITH THE DATA OBTAINED.
DBUE TO THE LAFRGE NUNMBER OF INSTRUMENTS TO SE OBSERVED AND RLLDENGS TAKEN, THE ONLY
PRACTICAL iiEAMS OF RECORDING SIMULTANEOUS DATA WAS THRUUGH THE USE CF & LEICA C/iMERA.
THE CAMER: WAS MOUNTED JUST AHEAD OF THE PILOTTS INSTRUMENT BOARD aND AT A DISTANGE
FROM THE NOBSERVER'S BOARD, SC THAT THE FIELD OF THE LENSE JUST COVERED ALL | NSTRU-
WMENTSe A LANDING LIGHT BULB ©AS INSTALLED 0# EACH SLDE OF THE OESERVER'S COCKPIT.

STA RECORDED DURING




BOTH LIGHTS YERE OPERATED TOOGETHER BY A PUSH BUTTON SWITCH: THE OBSERVER TO TAKE A
READING LEANED TO ONE SIDE, OUT OF THE WAY OF THE FIELD OF THE CAMERA, TURNED OH THE
LIGHTS AND OPERATED THE CANMERA SHUTTER BY MEANS OF AN EXTENSIOX DEVICE, READINGS
WERE THUS TAKENWN AT CVEH THOUSAND FOCOT ALTITUDES DURING CLINES AND PERIODICHLLY
YHILE CRUISING, THE DEVELQOPED FILMS WERE EITHER READ WITH . MAGNIFYIHG GLASS OR

PROJECTED ON A SCREEN.

LEVEL SPEEDS AT ALTITUBE

THE KIR SPEED METER WAS CALIBRATED OVER 4 SPEED COURSE 4.8862 MILES IN LENGTH WHICH
RESULTED |4 AN ACCURATE CALIBRATIOWN. TWO FLIGHTS WERE waoE To 30,000 FEET USING
FULL POWER TO OBTAIN MAXIMUM CLI:4B PERFORMANCE. LEVEL SPEEDS WERE THE# OBSERVED AT
30-26-20-15-10 ~no 5,000 FEET. AT EACH ALTITUDE THE PLAHE "AS FLOWH LEVEL AT RATED
POYER EXCEPT AT 30,00 FEET WHICH 1S APFROXIMATELY 2,000 FEET ABOVE THME CRITICAL
ALTITUQE OF THE TURSBINE SUPERCHARGCER |MST.LL~TIONs THE POVER WAS THEM REDUCED TO
500 HORSEPOYER ESTILATED, 26 HGs EMGINE MeakiFOLD PRESSURE Anp [,300 RPMs THE EXAGT
HESS OF THIS POWER DETERMINATION IS ONLY APPROXIATE, #S5 WU ONE HLS YET I GURED A
VIAY TO DETERMINE THE HORSEFOWER T ALTITUDE OF Ax ERGINE ECUFPPED M ITH & TURE | #E
SUFERCHLRGEK ON ACCOUNT OF THE UHKNOVN QUARTITATIVE EFFECT OF EXHAUST BACK PRESSUR
ON POWER, |T IS HOPED TH.T TORCUE METER READING HORSEPSWER DIRECT WILL SOON BE
AVAILABLE FOR USE WITH GE.RED ENGINES, JRTIL SUCH AN INSTRUMEHT IS AVAILABLE, THE
APPRUXIVMATION OF POWER USING MARIFOLD PRE3SURE, CARBURETOR AIR TEWMPLRATURE AND RFPM
WILlL HAVE TO SUFFICE. THE A1 RPLANE 9A8 ANITRTAIMNED ON STEADY LEVEL FLIGHT FOR THRE
TO FIVE MINUTES BEFORE EACH SPEEL READI NG,

A QUESTIOR HiAD BEEN RAISED RECARDING THE RELIABILITY OF 1R SPELD WETER
READIKNGS AT HIGH ALTITUDES. i ORDER TG PROVE THE ACCURACY OF TRUE AIK SPEEDS
REOUCED FROW INDICATED AIR SPEEDS OBSERVED aT 30,000 #2ET, THE Gaituia YAS FLOWK
ARCUND & TRIANGULAR COURSE. |N ORDER TO WavIGATE SUCH A COURSE WITH AHY DEGREE 0!
ACCURACY, IT WAS HECESSARY TO CHOOSE TURNILNG POIKTS HAVING DEPARTMENT OF COMMERCE
RADIO RANGE STATIONS. FORTUNATELY, THE RaDIQ R.MGE STiTIciusS AT HA#SAs CITY, KIRK
VILLE &AiD COLUWEBIA, 0., PRCVIDEND AN EXCELLENT COURZE, THE LENGTH OF THE LEGS BE!
128, 73% AwD (20} MILES RESPECTIVELY. |H FLYIHG THIS COURSE wEARLY SIX MILES ABO
THE GROUHD IT VRS NOT PASSIGLE TC MAIHTLIN A CORNSTARTYT HEAGING WITH ALLOWANCE FOR
QRIFT SC AS TO MAINTAlR &8 ARGCLUTELY SBTRAIGET TRACKe. HOUEVER, THE OSCASIONAL IR
ACGUSRACIES OF NOT OVER [0 OFGHEEL 13 COMPASS HEALDING WERE NOT ENGUGH TO VITIATE T
RESULTS, THE BILOT!S wisiegiLlTy FROLL THE COGK?IT QF THE Gaaa 1S EXTREMELY POOFR
THAT FLYIBG AT HIGH ALULTITUDES (S LARGELY DINE BY |MSTRUME“TS, THE Kansis Giry Rif
RANGE wiiS USED AS & POINT OF DERARTUKE AND FI@iSi, |TiH TURNS SEI NG 208 AT KIRK
VILLE AND CCLUMBIA VIHEN OVER THE RESPECTIVE CUONES OF 51 LEWCE. REBUCING THE AVER
FABTQATED AIR SPEED GAVYE A TRUE “IR SPEED FOR THE CIRGUIT OF 24 #ILES ¥ER HOUR.
THE TIMED GROURD SPEED FOR THE THREE LECS WAS 258, 215 n#p 171 4ILES PER HDUR,
RESPECTIVELY, GEaPHIC SOLUTIOK, USIHG THE GROUAD SPEELS, GIYES o TRUE Al SPEED
222 HILES PEK HOUR AliD WIND 52 UILES PER HOUK FS204 002 DEBKEES. [T 1S €2ii8) DERE
THAT THIS FIGURE SUBRSTAHITIATES THE REDUCED TRUE AIR S23ED RE .. .al.glY ”ELL, THE
DICFERENCE GF 2 MILES PER HOUN ©AY BE EASILY ACCUUNTED FOH &Y INACCURATE FLYING,
THE APPROXINATE PGYER USED WAS 500 HORSEPOVER.

THE LEVEL SPEED CURVE OF TRUE Al2 SHEERS AT HUC HORSEPGYEL Shows 155 o
PER HOUR AT SE4 LEVEL AND 225 LILes PER HOUR AT 30,000 FEST. THIS IS AN IRCAEM
364 FTRCENT Y ICH COLPARES “LTH . THEORETIGAL WaXliiti OF 3L PENGEHT.



WEATAER AT HHGH LEVELS

I¥ THE COURSE OF FLYING THE GAMMA LOCALLY AT KAHSAS CITY AND GROSS—COUHTRY
FLIGHTS, VARIOUS TYPES OF CLOUD FORMATIONS WERE EMCCUNTERED »T LEVELS nETWEEN 25,000

Anp 35,000 fFieEeT.

THE coMMCoM VARIETY OF HIGH CIRRUS CLOUDS “HICH 'TaS OBSERVED OGN CLEAR DAYS
WERE FOUHD TC LIE AT ALTITUBES FROx 23,000 recT 710 30,00C FEET. THE TEMPERATURE AT
THESE LEVELS Vaklep FroM 20 To 30 PEGREES BELOY ZERO.- THE CLOUDS VERE ALWAYS VERY
THIN, NEVER EXCEEDING 200 To 300 FEET I# THIGKMESS. FLYIHNC THEGUGH THESE CLOUDS YAS
LIKE FLYING THROUGH A MODERATE HAZE. O#HLY VERY SLIGHT TURBULERCE [HOTICED X
FLYING THROUGH CIRRUS CLOUDS OF THIS TYPE,

T¢ ~30vE 30,000 FEET, AS MARY

N

DURING STORM CONDITIGHS WHEHN CLIMBS YERE #hf
a5 FIVE WELL-DEFINED LAYERS OF CLOUDS HAVE BESHM TRAVERSED. THESE LLiYERS VARIED
THICKNESS F20M FOQUR TO FIVE THOUSAMND FEET AT LOWER LEVELS ~ T2 500 FEET AT AROUN
30,000 FEET. ONLY DURING APPROACH OF WARM FROKT CONDITIONS HAVE CLOUD LAYERS OF
ANY THICKNESS BEEN ENCOUNTERED AT HICH LEVELS. URNDER THESE CUONDITiviS, HUOWEVER,
CLOUD LAYERS 0F ALIIOST UMBELIEYABLE JEPTH HAVE BEEN ENCOGUNTEZIED I# THE UPPER AR,
FOR EXANPLE:  ON OME FLIGHT, SOLID CLOUD CONMRITION WAS ENCOUNTERED FRoM 30,000 FEET
DowN To 8,000 FEET, 22,000 FFET THICK, THESE CLOUDS “LRE NOT SERSE CLOUDS UM
RESPECT TO VISIBILITY. AS IS YELL KNOWH, ORDINARY CLOUDS AT LOVER LEVELS CUT VISI-
BILITY TC ZERO, OR A WMATTER OF & FEY FEET. N THESE CLOUDS AMD I# OTHER SIMILAR
ONES, VISIBILITY wITHIN THE CLOUD WAS NEARLY CONSTAMT FROM THE BASE TO THE TOoP. IT
IS ESTIMATED THAT A PLANE COULD HAVE BEEN SEEM & QUARTER OF A MILE AWAY. VIEWED
FROM ABOVE AND BELOW, THE APPEARAHCE OF THE CLOUD GAVE HO INDICATIGH OF THIS PHENOM=
EHON AND LOOKED THE SAMI 4S AMY ORDINARY CLOUD POES AT LOW LEVELS, [0 TURBULENGCE
UHATEVER YRS EMGCOUNTERED #WHILE FLYIHNG THROUGH CLOUDS OF THIS NATURE. UPON ENTERING
THESE CLOUDS AT THEI® TOPS, ONLY & VERY SLIGHT BUXP 1S NOTICEARELE, JUST ENOUGH TO
INDICATE 4 SLIGHT RELATIVE MOVEMENT OF IR LASSES,

CONTINUOUS CVERCAST CCNDITIONS EXISTING FOR GVER 500 .a1LZ§ @1TH THE TOP OF
Tde oLoud LEveELs AT 30,000 FEET, HAVE CEEN ORSERVED SEVERAL TIMES., THESE CONDITIONS
EXISTED IN CONNECTION YITH AN ADVANCIHMG YiRM FRUNT.

TOPS OF THUMDE®STORYS AAVE BEEN OBSERVED TG EXTEND ABJVE 35,000 FEET AND
ABVIL HEADS OF THUNDERSTORMS AFPEARED TO RISE UNTIL THEY ENCOUNTERED THE BASE OF THE
STRATGSPHERE, WHICH 18 THE POINT WHERE THEY FLATTEN OUT. THESE APMVIL HEADS HAVE
BEEN FLOWN THROUGH ~T ALTITUDES «ROUND 50,000 FEET ¥ THOUT ENCOUHTERING ANY TURBU=-
LENCE OTHER THAN A SLIGHT BUWP UPCK ENTERING THE CLOUD AND UPON LEAVING IT. FLYING
THROUGH THESE CLOUDS, & CONSTANT RATE OF ASCENT rrow 200 To 300 FEsT PER MINUTE,
WAS SHOUN ON THE RKTE OF CLIYB I#DICATOR. THESE ANVIL CLIUDS HAVE THEIR ORIGIN
HEAVY DARK CLOUDS OF EXTREMELY TURBULENT APPEARANCE AT ALTITUDES OF ArOUND 25,000
FEET. 770 ATTEMPT WAS MADE TO FLY INTO THESE CLOUDS BECAUSE OF THE EXTREWME TURSULENCE
EVIDENCED BY THE BOILIHG AND THRANSITICN.L APPEARANCE OF THE CLOUDS THELSELVES.

[

IT 15 BELIEVED THAT T 80,000 FEET, COFORTABLE |HSTRULENT FLIGHT HMAY BE
1 9

MAINTAINED THROUGH ANY CLOUDS EMNCOUNTERED.

RADIO

RADIO REGEPTION IN GLEAR AlR AT ALTITUDES ABove 20,000 FEET wAS EXCELLENT,
BOTH I N RESPECT TO RADIO BEM4S LHD TWO-WAY COMMUHICATIGNS WITH THE GROUND BY EMPLOY-
ING NORMAL WAVE LENGTHS USED FOR Al RLINE COUMUNICATION

i



THE GCONES OF SILENCE OF GUR RAGIO RANGE STATISCNS WERE FOURD TO GIVE NULLS
ESTIMILTED TEN TC FIFTEEN MILES N DIAMETER, ON CLEAR DAYS IT Wid OBSERVED THAT THE
COMES GF SILENCE LUANED A4S #UCH AS 5 MILES TO ONE SIBE OR THE OTHER FROM THE STATIOKNS.
UGH THE CONES OF SILENCE, THE CHARACTERISTIC SURGE WAS HEARD THE
LEVELS, I NASKUCH AS EXTREME AGCURACY OF POSITIUN KEPORTED AT THESE

LUPON PASSING T
SALE 58 KT LOVER
HIGH ALTITURES DURING CRUISING 1S UMIMPORTANT, THESE FACTS ARE NOT SERIOUS.

UNUSUALLY SEVERE STATIC WAS ENCOUNTERED WHEN FLYING ON INSTRUMENTS IN ALL
CLUBDS AT 30,000 FEET AwNp A70VE. THIS 18 BELIEVED TO BE QUE TC THE FACT THAT THESE
CLOUDS ARE COMPOSED OF #MINUTE ICE CRYSTALS, HEAVILY OHARGER YITH STATIC ELECTRICITY.
THIS STATIC INVARIABLY OBLITERATED RADIO RANGE RECEPTION COMPLETELY, AND IN EXTREME
ALSO TOTALLY OBLITERATED TWO-WAY COMMUNICATION. DURING THESE EXTREME GONDI-
HOVEVER, THE GROUND STATIONS RECEIVED THE MESUSAGES FROM THE AIRPLANE PERFECT-
HE ELIMIMATION OF THIS STATIC IS PURELY A WMATTER OF IRSTALLING AN ADECUATE
ANTI=STATIC SHIELDED ANTENNA: AT THE TIME THESE FLIGHTS WERE JADE, THE GAMMA WAS
NOT EQUIPFED WITH ONE OF THE ANTI=STATIC SHIELDED LOOP ARTENNAS WHICH ARE STANDARD
EGUIPMERT O ALL TWA DOUGLAS AIRPLANES. THERE WAS NO EXTRA ANTENNA AVALLABLE FOR
THIS USE OR IT YOULD HAVE BEEN INSTALLEG. BECAUSE OF THE EFFECTIVENESS OF THIS
AMTERMA UHDER STATIC COHDITIONS AT PRESENT FLIGHT LEVELS, IT 1§ BELIEVED THAT IT
WILL FUNCTION A8 EFFECTIVELY AT HIGHER ALTITUDES. THEREFORE, AN Al RPLANE PROPERLY
EQUIPPED W ITH & SHIELDED ANTENMA, SHOULD EXPERIENCE NO DIFFICULTY *iTH RADIO REGEP-
TION FLYIRG AT HIGH ALTITUDES.

RECU

!T IS PROPOSED THAT CUR wE.GER KNOWLEDGE OF GONDITIONS AT THE BASE CF THE
STRATOSPHERE BE EXPANDED BY THE FOLLOVI NG LMEANS
lo AIRPLANE VEATHER OGBSERVATION FUIGHTS BE TAKEN OVER BY THE GOVERNMENT. THE

Us 3o ARrwY AR CORPS HAS EQUIFWHENT SUITABLE FOR REGULAR FLIGHTS To 30,000 rFEET.

HERE ARE WOV IN SERVICE ABOUT FIFTY SUITABLE 41 RPLANES ECUIPFED W/ /TH TURBINE
SUPERCHARGERS. THESE PLANES WILL SOON BE OBSCLETE FROM THE MILITARY STAHDPOINT,
BUT ARE SUITAELE AND SATILFACTORY FOR USE i KIMG HIGH ALTITUDE WEATHER
FLIGHTS. THESE PLANES SHOULD BE MaDE AVAILABLE FOR THIS PURPOSE ECU!PPED WITH
DEICERS AMD OPERATED EITHER BY THE ARMY OR TURNED OVER T2 A SPECIAL DEPARTMENT
OF THE WEATHER DURELAU TO BE CHARGED JITH THIS PaRTICULAR MISSICN, Wl GH WO ULD
GRGANIZE A GOVERNMENT UNIT IHCLUDIMNG PILOTS AnNd MECHANICS To PERFORM THE

o
Ze LSTLBLISH A LARGE NUMBER OF DETEOROGRAPH STATIONS TO AUGUENT THE ©aTa OBTAINED
FROUW LIRPLAND OPSERVATIONS w4D TO EXTEHMD QUR KNOWLEDGE OF CONDITIONS [NTO THE
STRATOSPHERE, $.v To 50,000 rFeET.
o JEGURE ConGRESSIONAL APPROPRIATION FO2 THE DEVELOPMENT OF it EXPERIMENTAL HIGH
ALTITUDE, HIGH SPEED TRANSCONTINENTAL AIR MAIL SERVICE USING Al RORAFT CAPABLE
OF caulsine AT 30,000 FEET #MD UAKING NOT MORE THLW ONE STOP. THIS SCHEDULED
OFERLTION WILL PROVIDE & PROVING GaQUND FUR ALL THE WECHANICAL DEVICES ESSEN=
TLAL FOR HIGH ALTITUDE FLYING, |NCLUDING PRESSURE CGABINS, ANMD 'ILL PAVE THE
WAY FUR THE PARISENGER TRANSPORTS.

o

TEGULAR TRANS PORT OPERATION AT 30,000 To 35,000 FoOT LEVELS WILL COME
VITHIN THE NEXT TEN YEARS. 1T WILL PLAY A IMPORTANT PAST | H LORG RANGE, NON-STOP
TRAMSCOUTIRENTAL AND OCEANIC FLYI NG, THE SURFACE, 50 TO SPEAK, HAG HARDLY BEEW
TICKLED, LET ALOME SCRATCHED. ENCUGH HAS SEE4 DOME TO CLEARLY SHOY HOW MUCH WE HAVE
TO LEARNs GOVERNMENT HELP | CESSARY TO OBTAIN VITAL GATA AND TC ESTABLISH AN
EXPERIMENTAL STRATOSPHERE 5 € wWHlcH WILL LEAD TO THE AMNIHILATION OF GREAT
DISTANGES AND i#AKE THE VORLD |H FACT A GROUP OF MEIGHBORLY NAT ONS.
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