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I SUMURY

PABT WORK ( Period I, 1 July - 1 September 1548)

- A laxge portion of Period I was used in the deeign and
asstting up of smll acalu test: equipmanﬁ to ba We& in the- :mitial
,mwatmatim.

‘Blowoff Velocities

Some blowoff dete on, spherical flame holders were collegbed,
‘reduced, and presented in Progress Report 1 (Refi 1)

Large Scale Combustion Chamber

'ﬁxe 1imits of flow on the J.arge Boale: canbusticn chambey: vere
checked ! The ’burm:r: qeaemblg was auoeesai‘uny opemted seveml times
with the #1d of a hydrogen pilot flame,

Zewperatuye and Pressure Effgcts on UCombustion Processes

The swall scele equipment to- study the effects of pressure on
combustion was desi@ad and assembled,

Detonation

The initial caloulations and design of & shock tube to study -
detonation were made,

PRESENT WORK (Period II, 1 September - 1 November 1948)

Blmoiff‘ ,'Veiooat:,ea,

Blcwoff equipmnt ca;pable of 400 ft /aec 18a 1 inch nozzle h&a been :
designed and largely assembled,

Layge Scele Coambustion Chember

A method of combustion chember evaluation based on momentim con-
siderations hes been worked out which does not necessitete any high tem-
porature measurementa,

‘Temporature end Pressure. Effects on Combustion Processes

The eguipment for these tests was tested ‘and some minor changes
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The caloulsticns end design of the shook tube to be used to study

sgointed with a V-Flome,

I wmmw -have been atbempted on the. Vﬂflm
; ¥iloh indioste & solution ia. possidle; This solution involves oue
: wmcmmummmmmmmmmm

 The dewign stoly of the blow-down equiment vas contimmed,
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I1 PROGRESS

BLOW-OFF VELOCITIES OF FLAVE FOLDERS

One hundred and fifty three experiments have been perfcrmed
with the equipment described in the previous report. (Ref.1l) The
results obtained were plotted but are being recaloulated for greater
refinement by the mathematics group and are not available for this

report.

Theee results indicated the desirability of having equipment
capeble of producing higher jet veloclties as well as having & larger
norzle sres to minimize the vall effect. Aocordingly, equipment was
designed to give a velocity of 400 ft./sec, in a1 inch dlameter nozzle,
The equipment in ité&‘present state of aspembly is shown dn Mgs.l and

2.
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i Section of Propdlsion Laboratory
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Photograph

FIG.. 2. Blow-off Velocity Equ pment
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Modification of the burner equipment has been approved and the
necessary equipment ordered, This modification entails a combustion
chamber arrangement whereby drag on the chamber can be measured in
order that the heet relesse parameter can be evaluated without any
high temperature measurements, '

An arbitrary definition of combustion chember efficiency has
been agreed upon as & basis of comparing burner performence, Suffice
it to say that a burner with 100% efficiency would have to add all of
the heat of combustion that is theoretically available(equilibrium
conditions and variable specific heats being accounted for) for a given
fuel-air ratio in such a mamer that the gases at the exit would have
a uniform temperature and Mach number, i.e,, one dimensional flow
parameters will characterize the efficiency, as the best application
of the heat of combustion is to increese the momentum of the air passing
through the duct, The lack of one-dimensional flow at the exit of the
burner would represent a poor distridbution of the total energy and thus
& lower net increase in the momentum; this in turn would result in a
lower combustion change efficiency.

Some thinor changes in the fuel lines will be mede such that flow
to the burner can be ascertained at all times. This work will be under-
taken along with the modification of the burner.
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1@1‘&1& am il “m bl y

rapid pressure matim&;n the Wm bm:. Au wwqma. ut-tx
feature of 8 “b}mm“ fhbcom Mww immha ‘in the com-
bustion bax, To daareau the time required to ke s, a probable
addition to the system will be a constint updtresm presswrd exhaust
valve,

To date no test data has been obtained since the calibration of
the capillary flow tubes is not camplete, “However, preliminary runs wp
to two: atmospheres have been conduoted whioch indicate that the presemnt
apparstus is satisfactory. The equipment is shown in Figs. 1 and 3.
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Tha: QOﬁsma Wﬁm; a8
Jet. of eﬁmbusti’a& mxm' mié @a" Zas fma Maoci&taﬁ uam 5;&; vhigm
can ‘be briefly desdxiby i (He6 £igure 4) ¥ram the oon<
servation of yans; mnﬁmﬁ_aﬁd mex\gy Yniough the mm i‘rmxt it
owi bo shown that a flu;i& e;!.méem w:}.ll suffer a yreaama éro:p on
passing ‘hrough the fmnt. fhis pYensvTe dxop e the result é;f s
momenton emhange nerm& tc: ﬁh@ Lront which will exért itseli‘ on 'i;lw
gagen flowing up to. m f:x%::m‘; {t‘his foroe on the fluld olement due to
the monentum exah&ng&« ;ifs balﬁmed by the oentri.fugal foroe on the elow
ment due to i%s tmvelmg the ourved path indioated by the streamling,
%ex, Rigure 5 1w & qxggxmmif.ﬁ,w Prepsure and voloolty p:lot along o
stroomline,

A theoretical analymls of this flow hag been attempted by the
utilization of the follasing: ‘bagto’ wrelationgy - caongorvation of
mosn, momentum, enexgy ond the equation of state, Thope four oquations,
however, reduce to only two, 1.0,, the conservatlion of mass and no-
mentwn as independent oquations for the potential flow up to the front,
Thoae two equations do not provide sufficlent Information to desovidbo
the flov £leld guantitavively, |

8ince theso equations do not yileld rvopulis In a uveable foxm, 1L
neomnd edviesablo to ugo o Aifferent approach, ‘I'ne problem was dls.
cussed with the Mathemation Group at the Rosonrch Centex, and thesno
mon soom confident that en eguation can ho writteon Lox the flow up to
the flame front by the use of cerxtain conformdl trangforymations, i‘ix@y
aro voxking on this approach at present,
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Fig.

Photogra yh

Pressure and temperature equapment
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Flame front

h -
»

>

L— Uniform Jet Speed

Fig. 4 -~ STREAMLINE CCNFIGURATION OF THE V-FLAME

\Poqition of Front

v

Fig. 5 -- PRESSURE AND VELOCITY VARIATIONS ACROSS A V-FLAME FRONT
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DETONATION

The deaigned theoretical work for the constyuction of a-
shock tube to investigate detonation of gaseous fuel-air mixtires
19 continuing.

A shock wave will be sent down this tubé.into & omlmati’bh
mixture (Fig.6). This shtwk im‘to be formed B, juickly oponim » port
and alloving & high pressure wave to move dowm the tube., Ths W
at which the port is cpened determines the time for the prunm nn
to build into a shock vave. The faster the valve, the shorter thei’
time roquired to form a normel shock.

Thecreticel work to date indicated the practical limit for a- Ohook
velocity (as dictated by the pressure required to produce that v_olpeitz)
is that of one traveling at about a Mach mumber of 5 yith respect to
undisturbed atmospheric conditions ahead of the moving shock wave,

SHOCK TUBE
RESERVOIR X - " |
N <
1
\\\ direction of flow o€ normal shock

quick opening valve

Fig. 6

SHOCK TUBE SCHEMATIC DIAGRAM
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BLOW~DOWN EQUIPMENRT

An analysis of a representative blow-down system has been
made, Graphs of duration of run plotted vs. temperature, presasure,
veight of air and weight flow rate of alr for parameters of throat
size at entrance to test section have been completed. Ahalyses have
been made for both a simple blow-down system exbausting directly
from storage into the atmosphere, and for a two-stage aystem using
an intermediate constent-pressure tank exhausting through a test section,
thence to the atmosphere. The effect of heat addition upon length of
rm is included, A rough layout of the dblow-down system using the
intermediate constant pressure tank has been made utilizing equipment
on hand,

The constant pressure blow down system accounts for the effect
of choking in any valve restrictions elsewhere in the system, It is
designed so that the fkrvat immediately upstream of the test section
will at all times control the maximm mass flow through the system,

The constant pressyre system inoorporates a pressurized heat
exchanger for maintaining comstant temperature, constant pressure con-
ditions in the test section as required by contract. The exact type
of heat exchanger hes not definitely been established, although consid-
erable thought has been given to find a cheap, practical system of
heating the intermediate pressure air. An analysis was made of a con-
stant-volume hydrogen bwning system which simmltanecusly increases the
pressure and temperature in the storage tanks to 5000 psia and approx--
imately 2000° R, Thie method has been found impractical for combustion
reasearch purposes because of the extremely large quantities of water
formed. (20%. by weight of the air inithe tenk).

Compression by a dlaphregm separation eyatem with dburning hydrogen
in one section and air in the other was disoarded for lack of high tem-
perature and pressure materials to do the Job. It appears that hydrogen
or any hydrocarbon burning 'Th the system air source would be impractioal
because of the reeunlting contamination of the stream. '

It appears that the most practical type of heat exchanger is a
direot exchanger of heat from a high temperature, high heat capecliy
source to the moving air, Such an ‘exchanger is in use at N.A.C.A,
Langley Field, Virginia, At the present time a study is bdeing made
for cheap materials to be inserted in the heat exchanger body which
would produce the desired end coaniditions,

Pumping requirements have been fairly well determined and the
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equipment is to be secured. Additional equipment such as valves,
Piping, etc. 1s expected to be determined shortly in the detailed
layout of the system.
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Activitien Vigited

B e

Battelle Memcrlal Institute
Columbug, Ohio

Third Symposium on Combustion and Flame
and Explosion Phenomena

University of Wisconsin

Madison, Wisconsin

N.A.C.A, Laboratories
Cleveland, Ohio

JHJAPL
Silver Springs, Md.

Langley Aeronautical Laboratory
Langley Field, Va,

Subjects Discussed

Inverted V-ilame
Blow=-off velncitles
Flame stability

Combustion, Flames, and
Exploslon phenomena

Canbustion Chamber
Measurements

Blowdown
Equipment

Blowdown
Equipment
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IV _PROGRAM PLANNED FOR NEXT PERIOD

Blow-off Velocities of Flameholders

Additional assembly work, as well as calidration of orifices,
needs to be accomplished before further test work can be dome,

Large Scale Cemimsttion Chamber

The calibration of the combustion chamber drag measwring
equipment will follow its installation. Following the calibration
runs, routine tests on the effect of high pressure fuel injectlion
will be commenced, . ‘ ‘

Pressure and Temperature Effects on Cambustion

Upon completion of the calibration of the flow measuring
instruments an experimental study of the effect of pressure on
cambustion will be initiated, covering a range of pressures from
reduced pressures to 200 psia.

Flow Associated with the V-Flame

The design and construction of a confined cambustion chamber
will be initiated., This chamber is to have a 1 inch x 1 inch square
section with glass windows on two sides and willl fit on existing
equipment, A theoretical analysis of the flow thru the confined
cambustion chamber will also be started, '

Detonation

The design and sonstruction of the shodk.tube will be continuned
and the necessary photographic equipment will be developed.
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