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A, PURPOSE: :
1. To preuent wrelininary findings or v'e Jdevelopani of pulsce

Jot @oand beaters produeing contami: ated .. wncontarinated heatud adr.

B. FACTUAL DATAt

Ze  The locdlly fuiricated uxpurirsolal pulse= ot loater sch
delivering contaclnated asir aas nada the ~.ijeet Hf conbinwd stull s
and testing. xperiences pained in starti'; aod runnag tue wlt uxlr
varyin; conditions ;uided tae cevelop-cut cutlined o thig v port.

J. Startin: tests under uxtrese cold icathor condliiune as
redlized in tae loenl Frrgiuterin. and S Clivarn s Hregar, Jghin Sieid
revealed an ares: e eonaunptlon of con s G4nd ndr o toe wreseator
lratalled at L. ¢ 2, They frwer slowed .2 co. .pro.,«cd alr metho
of starting the 4L 9'wjet urnor to be irconverdeut wnder &3 comuilions,

Lo A st oroliceter aul starting syste. was Jdevloe! .. lx il
(or,)ov'atod in and tosted sitn tic wrperlronral irater amdt. It elrindtes
completelr the need for compressed alr. Gas:lins -as wker press i iu
croated in a sealed kotile b, ajnlyin; hoat, and a Jet of L.is go- ~alie
tains its owm coscustion air £1p-)y” by eans of un a¢ dirator deliveriry:

& good %orch flane for ,welwatin, ad for i nfting tne start ciarge of

e pil.e burner. T lndtial clarpge ! t.e ;ulse buri r is provided .
LW Cas WAy ar o enabtustible mitre for the bLopsh Maw by odellvert- o
a g4as eb into & aoecial adx nivture w.br atincicd 2o the secr of Y. 0t
bustion ena rar f the pulsn jot. L[etalls of Lhis devel »went Are re-
sented Lier.ioar Apperdix J, The rer l.oinz startor asssiabl now La one
usea i uvitliiea in Figure LA, Tue a-;“'m ®¥as bullt into i - onerimeninal
heater ‘mit wd -roved satisfiechterr in e Frigtdtorlu o o ar' o) teots
at Ladd  Flold, alazcn, duecombting rlnor Loceplnetiore o.ryr b 4. &
£t 11 vxperinen il cutewpe
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Memorandur Report Yo, MCREXBabS felbomF
31 March 1919

Y« Running tests made wxder norwal ambient conditions show
that the lpater f1lfills the requirement for an outlat temperature not
hipher than 200°F when a standard 12" duct is used, «ithin an axbient
teuperature range from minus 65°7 40 plus 209F. Total press.ure de-
livered at minus 65°F acbient and 2CCCF outlet tempereturo 18 .9 inclhes
#eGe A perfurmancto chart is presented in Appundix 3 as Fiours 1H,

6. To widen the cewign basis, the influesnce of joamirical
modificatinng of the nulse-jet burner was ctdied in continuod
maasurenanta of perforrance values sush as, fuel eonaumpilon, Llrucy,
P pressure, frequency and tiueir ralaticnsikip., Thus far instance,
the thrust of a unit varies proportlonal to the third power o Lo fuol
consumptivi. This is slom in Figure 3B of Appondix 3, as the result
of mumerous measurcnents,

{« AB aspirating of armbient air containa a major problem in
the use of tho contaminabed sir pulse-jet Leator, theoretical trestnant
was piven to it. Using exnerimental findin:s and tiwe ohysice of the .
procesg, & vrecaloulation of the porformance of an aspirator when driven
by a pulse-jet was cumpleted. lasults of the evalu: tion of tie mothod
for the experinental hcater uuder considerctinn are prexsated in Figuye
6B of Appendix B showing rate of air flow, toial aud static :ressure as
a function of tac terperature rise,

&e A noidlceabls roduction of ti:> noise lgwel was £ und possille
Qy adding a sultebly dimensioned air imlct duct o t.e cabinet wiihout
sacrificing too much of the available pressure, This Lul.t duel is not
ingluded in the experimental unit for reasons of suvii, space but will e
a feature of leter units,

9. Lifetius of the valves wuils in use was uwsatislactory «and
in the order of 15 to 3) minutes sainly duc to the increased load prusent
in tha nadified .water unit., Jtudies wera ocanducted widch res dted im 3
nod:ified desiz. capable of withatandirng sfirilar load gondltlous lur
12 how's without sizne of dateriqration. o far, platves of t-Ls deeign
of a size sulficient to be used in the actial heater amo not ave luble dus
to syply ad fak-icating difficulties, Far nore detalled Livur.ation,
rofererce iy naude to Appendix C ol tida report. .

10, Utilising all firdings, Exhidit sk ~3=7l, licater;
8ngine Oreound, Portable Jasciine Burning, Fulsze Jet Uriven, Contaminated
Air, L00,850 ETU/Rr, Type R-l, dated 17 Jauuary 199, s areparsd,
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1l. 3Baved oa the suzcestion of & pulse-jet bwrner rotating
under the Uipact of its o.n cxhaust jet as set forth in Invention
Diuclosure !a. 56 “Heating Devices Especially Adaptable to Prebeating
Aviation and Avbomotive Engines” and sketches in Migure 1D of Appendix D,
actiun wes initiated on appraximately 1 Januvary 1, to collsot becic
dosign data for a design utilizing such & burner as a Llower and heat
source for uncontaminated air neating T-ctenm,

12. Caloulations lLiave been condunied to determins .maln
dirmgnslo s and efficiency 1o be axpucted of a unit rated at approxi-
ratels 120,2u0 BT/ ir. in the foin of unconlaninsted heated air with
no xore %.an 2.0°F ontlet temperature, It .y be oxpected % transier
'{O pes cant of the tuel heat futo the uncontarinated air and forward
o a wotal precsure of fron ¥ to !, inchios water col.umn.

1. Masiz studies sere conducied 50 realiue the ldea of a
rototing muwlac=t 4 Durnor cororising sLaditanesusly & tlower and partlal
Loat celharger :or b uneconiaminated air.  SLure 25, Appundix L shows
o Stetels 25 ths solublon “aien invo consideration. In this unlt, air is
cupressad and hcated Uy a blozer forring one side of i.ae splraled tuies
A v'ie pulscejet burner, Tiue alr then 15 ied through a stationary leat
exatanger o oLilize vhe heat still contuined in the exihaust ;a3 of e
turner., ifler na.sing Lids Laat exchen. er, the air  ivec off part of
its enery in the turbine forrr~d hy %' oller ride of tha burncr tubes
and thorebyr am'nr utiliged tiw hoat created by the burner.

14. The ratier complicated s .ap. of the Lurner dewigr is ou-
renil; ap;roachod step by step in stand still models which allew for
eas; testing of their perlor.ance. Thrust und fuel consumption obe
tained so far aiin proposed dirensiona o tho design keep In line with
wrecaleuzations,  Furtaer details of Lie dovelopaont, aay ds found in
Appurdlx L. )

15, A val 't asse L1, has heeu Jusdged and testec w.ich will
Lo capacle oif riountin, with the amer wit ont detriontal of.ect of
o Wrile al forced, A8 iy e ree) fro. FLoure LD of Appendix D, it
P v WGBS i Pily bugoud valve Lodies :arwig & Lo concentirle ring. zade
i, ot wade roilo. cwoel S Lhlel.

Ce CLCLUSICIDT
1oe  oufdlcient date nave Lean accsiditad on the eosncaminated

a.r M. gobt Lonber uneu Walel to Laso sroow orent of & quantity of
service tost Ltaise
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17, Data obtained from studies on pulee hoater for
unsontaminated =ir show that such a unit is Wt is nod
sufficient for a complete design. )

ECODMDATION:

18, It ia recommended that the following asction be taken Yy
the organisation desighated bvelow:

a daintenance & nt Unit, Groumd
nt labarat on o

(1) Initiate progurement of a serwvice test quantity
ot‘ pulse= 2t ;round heaters for contarinated alr,
to study the feasibility of using contaminated

air for prcheating sircraft engines. (Action Iniiiated).

(C) Continua studies for the developmant af pulse-jet
ground heaters delivering ungontaminated air.
(Action Initimted).

J- Je m . N Lu\lﬁ\

Distribution: (16 Prepared by . ,».,, ~—~:‘}< 4“ W &Q'\qﬂ
» "e)
MCIAXF2 / ” - L& :'7‘1_.4.) LV ]
WCID * Hold" EB Approved by .. “;‘m?" i.cLs
Corps of ingineers Xamber A g/ m “m'm' Tranch
AF Tech Cornudttee A (e
Bld;. T=7, dravolly, Point Approved bﬁ-._.l. C;i::; i“;‘n‘ .
Nasidn ton D.CQ A 181y
Attur ar. EoL. Clawcse: (1) Gitef, Equipuant Laboratary
W}E (2) Concurrence: Engineering Divisica
0

L
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1.
2.
3.

5.

APPEXDIX ® 4 *
DEVELOPMENT OF A N'# PRENEATIIU AND STARTING SYSTiM

Preheating Turch Oparating without Compressed Air
Pigue 1A « Original Pre.oater Systenm

Fiaare 2A - First Tarel Uodel for Prehsating
Figure JA - Horizontal Torch Model

Development of a new Starting Systea operating without
Compressed Air

Figure LA - External Gas Start Asseably
Tigure 5aA and Sba - Start Mixing Tube Arrangenments
lrigure 6A - Internal Gas Start Assembly with Choke Valve

5~ 13

Pages

o =N ©

9 - 10

n
12
L
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31" March 19l

APPRNDIX*A ™ _
DEVELOPMENT OF A IIW PREHRATIRG AXD STARTING SYSTAM
Preheating Tarch Operating without Conpressed
Alr

The preheater intended to be used in the sabinet heater set is cutlined
in Mgurs 1A. A porous stone or metal nody is soaked with fie) and air from
an air ocontainer is pumped \hrough the pares thereby evaporeting part of the
fuel. The rich mixiure enters the flume duch and burns as a torch flame at
the open end whare it mingles with ambient alir, Due to the neocssary sige of
this preheater, it consumed more air as could gonveniently be furnished by
hand punping. The arran;smont therefore was t» replace by one using a sealed
fusl container pressurised by the heat of a primer flame. Blow tarch eperation
was then Lo maintain by the :as jet coming fram a novsle on the containmer,
The first torch model used ard tested in the rglin Field Cold Hanzar ls
sketched in Flgurs 2A. It conoists of a pressuwre tight vapor kettle, a boml
containing e wick used as the primary hsat scurce to warm the oontents of
the rettle and a fuel noazle, which delivers a jet of hot gasoline gas into
an air aspirator. The system was satisfactory in operztion, as 1o as heat
wes supplied by the primer. But hrat induced into the rettls from the targh
was %00 little to keep the turch running. In the next davelopuint stap,
this was overcome by building the fuel container around the aspiratur of
tho toreh. Amufficient and reguiated arount of heat could now bo provided
10 evaparate the fusl continuously. Several rodifications of this arrange-
ment were ‘wsted, a first one being comploted as early au xar . A wodi-
fication wit: horizontal torch aspirator i: shosn i Fiowre Jd. A chlaney
inclosing the Dwl cettle 1s atded to sec-re more complete coabustion in
the primer bowl., The further devolopment :f t:e jreneater lamp is clnsely
related wi‘h the lgvelopmeul of the new wtartir; systea und will L&, swr-
oentible frm tiie next sesctilon.

"
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ORIGINAL PREHEATER SYSTEM

FLAME DUCT

N '

POROUS STONE

FIG 1,A
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31 March 19,9

APFR2DIX AT

DEVLIOPMENT OF A NUW STARTING SYUTER OPaRaTING WITHOUT
CCUPREC.UED AIR

1. Thus fsr pulseo=-jet engines were started b:r blowing in a ctream of
campressed nir for a few seconds. Fuel was eitlier atonized by this stream
and rixod in the right amount or injected under pressure fram soparate fuel
norzles. The method is satisfactory as long as an ample supply of ocomprossod
air may be maintained, which is hard to do for the set under oonsideration.

A now metlod now developsd makes use of the torck principle of supplyin; oone
bustion air in an aspirator operated %, a jet of pressurized pus, for provide
inz the start mixturo of the pulse~jet. i ;as jonerator (which may Le t}lo same
as for the pretester torch) delivers e (hot) fas jot into a ialxing tube of eult-
abls longth and diameter where 1% minples with air o form & hizhly camiurtille
rmixtures This then may be lod into the combustiou ohamber by virtue of {ts

ow Kinetio energy, the way chosen for the inlet thereby estahlishing the rnew
scarting arranzements desoribed below as Metlods a, b and c.

Be External Gas Ltart hethode

Inr this arrangement, the gas air nixturo is simply led into the
carburetor funnel just helow the valve plate as is exemplified in Fijure LA.
The sare gas genorator is used for starter and prehesater torche After tie
combustion chamber is warmed by tne torch flane and a rlowin, spot is 'ain-
4ained for ipnition, several shots of gasoline -us from the sterter norzle
will throw the set into operution. Figfure LA outlines ut cho swie tire a
further development of tho torch, which is aijsin of the vertinul t;pe. Tre
aspirator flame duct is usod as & chimmey for the nriner flame bur.ing in the
wick bowl at the btottom of the luwnpse Alr for primer and torch is led ‘ hrourh
a jacket around the fuel kattle whiol sorves both as a wirdshield and an ine
suletor against heat loas. As ii. is very important for a ;ood start to have
dry gas, a superhsating coll was addad between the senerator and the nozeles.
Severel tosts were made witl. thu system with rood results ixn tho 20ld ohambor,
Terperutires ranged frorm mirmse LO°F to mirms 5«°F and from 3 to \ minutes were
necessary for prsheating and starting the hester. The one dissiwmpfage inherent
with the systen is that anly & small part of the start mixture really enlers tiw
combustion ohamher end the remainder blows baock throuzh the funnel into the hweter
oatirnet. Exoept for extreme low ambient temporatures, danger of irnition of this
¢as my exist whioh is highly objestionable. Efforts to separmte the path of the
start mixture from the ambient space by mesans of a baffle, which is irdicated
by dotted lines in Firure LA failede Too many of the valves had to be reserved
for tho sturt pathe Therefare, method b was doveloped whio). avoids strainins
of combustible mixture into the cabinet,



Memorandum Report No. :[CREXEm{57=Lli0=F
31 March 1909

APPENDIX "A "
(continued)

b, Internal Gas Start Method.

A pulse jet will operate oven if a sacond oper: tube is attaclied
to the neck uf the cambustion chamber, provided tie ratio betmeen length and Jdia-
meter of the tube is properly ciosen. Wien a3 was injected into t .8 oren exd
of such a tute, as 1s indicated in FMigure SA, it caised the barner to start.
To avoid backfire from this sscondary tube, it was then closed by a second valve
plate as is stiown in Figure 5bA. wtart is still posaible ard no gas ocan rnach
the cabinet. This met.od was called internal yas start met.iod., "A 3li;.% de-
terioration of the rumning performaice of the burner was noticeable 'rat it did
not seen important. Wnen tests with tho arran;ement were tu be made in tie
Bglin Cold Hanjar, it failed to operate and it was discovered that th~ valves
of the auxiliary plate were ir>zen to their geats., Rearran,e-ent of t.o system
to warn tiie plate from the preheater lamnp proved very inconwenient from tue de=
sign standpoint and a new and vetter method was develop:d instead. Tue new
matiod is Xnown as t'.e Internal OGas Start j‘ethod with Choke.

c. Internal Gas Start Method with Cnoke Valve.

Figure Oa outlines the metiiod finally closen for usc a: a atarter
arrangement, The end of the mixing tube is now ;rovided with a ring air valve
whicli opons when the start control linka'e is depressed. PMrti .er depressin,
the lever opens tho starter fuel valve and a gas jet is inj:cted into the
mixing tube. As soon as the pulse burner starts to operate, tho ciicke valve
opens and closes under tie influence of the alternating pressure in lixe manner
as the valves in the main valve plate do. By tnis way, it aids vory mue: to a
smooth passage from the starting cycles to normal running. This actiun of the
choke valve continuss until the starter lever is releassd wiereby tiie choke
valve bescomes permanently closed loaving the pulse burner uninfluenced by t.e
start system during normal operation.

10
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ERATR AMD PULSE-JEY PERFORMANCE

1. Performanse of Modified Experimental HNeater s
2. Figure 1B - Perfarmanee of Heater and Aspirator Bust 7
3. Outline of Measurements on the 90 cyeles/sesonds

Pulse~Jot Durner 17
L. Pgure 28 « Measured thrust and Fuel Gomswption v -

Valve Area b V)
5. Ji ure 3B - Nwust vs Puel Gnswpiion 19
6. Pigure B - Influsnos of Bnd Taper on & 2* ¥0 eyeles/sesond

Burner . 20
7. PMgure 5B - Influencs of the Tube Arrangsment on Tavust

and Rmwl Consumption . 3

8. Figurs 6B = Caloulated Performance Curves for Alr Ampivater 22
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APFENDIX B
HEATER AND PULSE~JET PERIRMANCE
Perfornance of Modified Experimental Reater

Chart Figure 1B shows the performenes of the heater with attached 24,
12% spirel dust. 7The tep curve reprvisents heat output which exceeds both
values specified with the experimsntal unit and the heater exhibit having a
maxinmm of 470,000 BTTU/RBr. Next eurve below is the tempersture rise (that
is excess temperstwre at duct end over smbient temperaturel) vs statis
pressure at dust end. When prelwating an engine, this pressure is low pro-
bably within O %0 .1* W.C. and the heater then remains within the spssiried
maxinun cutlet temperature of 230°7 £25°F up to ambient temperatures of «0°,
At -65°F7, a static pressure at duct end up to .9 W.C, may be overcoms with~
out exceeding JOO®F cutlet temperaturse. Total outlet pressure in this ocase
is .9 #.C. a8 may be caleulsted from the bottom eurve which shows ths rate
of air flow,

-

-
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1 taron I
’ ? APPENDIX *B *

HEATER AND PULSK~JET PERFORMANCE
Outline of Mcasurements on the 50 Cycles/c Pulse=Jet Burner

Measuremsnts on the pulse-burner were taken to find how the power and
heat output is influenced by changes in the geometrical setyp. Table Figure
2B shows how fuel consumption and thrust depend on the (geemetrical) area
of the valve plate. COup valws in plates with different numbers of valves
were used with slight changes in stroke. Figure 3B shows thrust as a funetion
of fusl consumption aversged from & large number of measurements on the 2
inch, 0 oyclos/second burner. Nost valuable feature of this graph for
theoretical consideration is tnat the function may closely be approxisated
by one of the third power, that is P'= C.33 where P means thrust and g fusl
consumption. Other measurcments served to clarify the influsnos of changes
in the shape of the tube end. 8pecial intereat was given to a tapered end
with different expansion angls. Table Figure 4B shows increasing statis
tirust up to & half angle of 4,°. Cnly a sliht influence un the fuel evn-
sumption was noticed and the hiher thrust therefore medns a true gain in
speciiic poser output. Table Fijure SB shows thrust loss dus to winding
up of the dube (360%%urn) and the additional loss due to foarwarding cooling
air for the burner tube. It is valuable for the conversion of results
gained from a stralght burner to ajachketed built in heater unit,

17
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APPENDIX *C *
DEVELOPMENT OF VALVES WITH HIGHER LIFETIME AXD BEITER
PERFORMANCE
. Pages
L. Outline of Valve Development 2 - 25
2. Figuwe laC - Valve Plate Design with Perforated ,
Sheat Sereen 206

3.

Figure 1bC - Valve Plate Design with Rivet Head Sereen 26
Figwe 20 = Stripes Valve Plate Design 27

23 - 27
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APPRNDIX "C"

DEVELOPMEN? OF VALVES WITH HICNNR LIFETIME AND
BITTER PERPORMANCE

Outline of Valve Develegment

Followin; the Usrman dewlopment, the first pulse-jet bwrners were
aquipped with hemispherical valve cups seated on countersunk holss of an
aluninum plate ard able to move freely between their seats on the plate
and a limiting screen. Dinensions of the first oups were 1/1f dismeter,
1/6l¢ thick, stamped out of cold rolled steel. Even after the output of
the bwrner was raised from 250,000 BTU/Hr to almost 500,000 BTU/iir by
enlarging the free valve area, these sups withstood all mechanicsl stresses.
However, their perfarmance in the burner was nevertheless unsatisfaotory
causing excessive back presswe to the carbwetor, wwvea ruming and
unreliable starting of the burner, We can see the reason far that by eon-
sidering that a free moving valw should be accelerated from closed to open
position and VV in a wery short part of the whole cycls., The first walwes
were too heavy to allow far a suitable opening and closing time even at
80 cycles/second. Whereas, a relatively long opening time only shortens the
sffective time area of the valw and could be balanced to a esrtain degree
by increasing tlie number of valve cups, & long closing time is of a more
adversive influsnce, During the closing tims of the valve, a back flow of
air from the combustion chamber into the carburetor funnel takss plaoce,

It msans a loss in power output irom the burner and it greatly deareases
the average available suction presswre in the carburetar. Above & ocartain
linit, & stable suction precess becomes even impossible and the burner falls
to operste. Improvement of the performance by liniting stroke and enlarging
the number of cups is more involved then with the opening of the valves,

Cns dannot maks the stroks too small without excessive inarease in flow re-
sistance and an unfaverable change in the ratio between effective wilve area
and valve leakn;je, A considerables cut in the weight of the cup valwe was a
necessary way to Aimprove performance, Aluminmum valves of samg thiciowss

as the origimal steel valves, steel valves of ,01" and ,007 thicicwss

were used and thoir mmber was inureased from % to 126 and later 208 to
limit the stroke to a minbmm. A good runnin; perfarmanos of the burner was
obtained bLut neither arrangement withstood the mechaniocal stresses for any
length of time. Dreakage ocowrred starting from the edge of the cups after
shart periods of ruming time depending on stroke and special load and
ranging from 5 to 30 minutes. The kind of lneskage seems only natacal as
the edge is the weakest part of ths walve owp, It was oonoluded that
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APPRIDIX * O* - -
(contimued)

relieving the edie of the alternating streses should greatly improve the

valve performance. A desiyn suggestion realising this thought is shomm

in Figue 1laC. Thereby, the cupe do no longer hit the limdting screen with
their edge but rather with a largsr part of their inner surface. This i
due %o the bosses stamped into the sereen which have & slightly smaller redius
than the cups, The screen itself cansiste of a piece of perforated sheet.
metal with amall holes and about 50 per eent open ares. Thus far, this de-
sign could not be fully realised as it was impossibls to get the perforated
shest installed for the screen. A makeshift arrangement shown in Figure 1bC
was mmufastured locally and tested utilising rivet heads for the bosses in a
regular drilled scresn instead of a stamped perfarated sheet. With the
stroke of the valve reduced to .0ls*, this valve plate was run for elevan
hours without any signs of deterioration. At a frequency of 50 cycles per
second, this means a total of 3,17 millions of chan _,es in load and one nay be
pretty aure from this figue that the valve will stand the stresses inde-
finitely. To realise a sufficient effective avea with .0l>* stroke calls

far increasing the mumber of wmlves per plate above 126 to about 200 at least
which wnfortunately cannot be dons with the rivet head makeshift arrengement.
Therefore, the experimental unit must be run with & larger valwve stroke and
consequently She posaibility of valve breakage after about cne howr running
time must be taken into the bargain until ordinary plates are awailable.
Further tests were made with a different type of valve plate desipned to

give more effective area for the same plate sise with less and larger walwe
bodies., Straight strips out of shim steel were used in the arrangement of
Figwe 2C. with this plate, almost twice the effectiwe area would b possihle
&8 with the cup valves retaining the same stroke. But so far, not moze than
L0 minutes 1ifetime could be reached. Breakage again starts st the edges of
the GWQ

25
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_PERFORATED SMEET.

VALVE PLATE DESIGN WITH PERFORATED SHEET SCREEN

FIG. 1A,C

RIVET DRILLED SCREEN
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VALVE PLATE DESIGN WITH RIVET HEAD SCREEN
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STRIPES VALVE PLATE DESIGN
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3.

STHIES FOR THE DESION OF A PULSE-JET ERATER DNLIVERING

Tigure 1D~ Sketch of Rotating Pulse<Jet Burner

Fiowre 2D - Dexign Sketoh of & Pulse-Jot Heater
Delivering Tnoontaminated Alr

Outline of Studiss on Preliminary Durmnar Forms

Figue 3D « Barner Forms Tested in Dewloping of an
Uncontaminated Alr Heater

Mgure ID - Valwe Plate with Oonoentris Ring Shaped
Yalve Bodies

28 - 35
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APPEXDIX *D *

STUDIES FUR THE DESIUN OF A PULSE~JET HRATHR DELIVERING
UNCONTAMINATED AIR

Outline of Studies on Prelininary purmer Foras

To secure the carrect operation of the burner in the heater design
of Figure 2D, tests were made on several standstill models approashing
the outlines of this desi:n in steps. The firast step in testing was a
burner arranged in a straight line using but one tube, as is shown in
Pigure 3D top pioture. Volume of the tombustion chamber, area and length
of the tube coinecide with the assumed design values, A valve plate with
ring shaped valves as pictured in Figure LD ~as used to run this burner,
In order to get stable ruming conditioms, a free ares in the valwe plate
of 1.5 times the tube ares was neeessary, The fusl consusption of 12.l
1b./hr then obtained and the thrust of 2.5 lbs, keep within the range of
assumptions made for the caloulations of the uncortaminated air unis. The
next step was $0 replace the ome bhuwrner tube by two tubes with the same
length and the same total area, but the burner failed to operate in this
arrangement shown in the next to top picture of Figure 3D. Not until the
tube areas and the tube langth were enlarged, appraximately 10 per cont,
running was obtained with practically same performance valuss as in step one,
The last step tested up to date is suown in Figwre 3D bottoa pioture, and
characterised by placing the two tubss rectangular to the axis of the com=
oustion chamber opposite to each other. Two different heights on the
chamber were tried for attaching the tube and but slight dif ferences in
performance agairist step 1 and 2 were stated. All arrangcments were tested
with and without funnels on the ends of the tubos as indicated in Pigure 3
in dotted lines. Whereas running stability seemed to be increased by use
of the fumels, a definite increass in thrust was not notiosabls, °

)
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BURNER FORMS TESTED IN DEVELOPING A
HEATER FOR UNCONTAMINATED AIR
FIG. 3,D
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