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Figure 1Eurninag Velocitis of the OH. -Oasis System at
Fu20000K and One Ataospher Pressure

Figure 2 Unburnt Gas Composition for the CHK.0-N System
at 22500K and One Atmospium Pressure

Figure 3 Unburnt Gas Coupoition for the CH.-Oa-A System
at 20000K and One Atmosphee Pressure
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This repor't presents the results or a study of the bunfing

Velocities Of the Metbmne-OoyMM-nitrogon system at a cans tent theore-

tical adiabatic flame tempratiuwe or 2 0001 at me atmosphere pressure.

The dafta were obtained an flow nozzle burners with the gas

flow to the burner adjusted to pi'o&,,Ge a flat flame above the nozzle

opWeng. The velocity of the unbur'ned gas through the nozzle is then

the burning velocity of the gsm mixture.

The burning velocities found by this method are higher than

those reported with the tube burner. The increase in burning velocity

apC& ' to be due chiefly to a decrease In the quenching effect of the

sur'rounding air.* This qecing tends to lower the flame temperature.

The ease of foiiation of polyliedez'el flames increased as the oxygen

to methano ratio increased,, indicating the possibility of the exist-

wooe of methane rich zcnes that give tmperatures higher than. the

calculated 2000K This would also increase the burning velocity.

The composition of a series of methane-ogmi-nitrogen mixtures

having theoetical adiabatic flame tempeatures of 2250"K at one at-

mosphiere piwosure are reported. Inluded also are the ocuposit io

of several met iane-coigs-az'gon mixtures having a theoretical adia-

batic flme twmeture of 2 000*X at am atmosphere.

-iv-
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Th1s zport presents the results of the work p rm during

the period July 1, 1952 to December 31, 19% on "A Study of the

?wdamentals of Combustion," Jolntly sponsored by the Office of

Naval Research, Science Division, Power Branch and by the Institute

of Gas Tecmology In the laboratories of the Institute of Gas Teoh-

nology at Chicago, Illinois.

The burning velocities of the methane-oxygen-nitrogen system

were investigated for six mixtures having constant theoretical adia-

batic flame temperatures of 20000K and oxygen to methane ratios

ranging from 0.78:1.0 to 5.0:1.0. These data were obtained on flow

nozzle burners of one-half, three-fourths and one Inch diameters.

The results were compared with the previous data reported using a

tkwee-eighths inch diameter tube huner.

The effects of combustion in air and in an ataosphere of com-

bustion products were studied.

Calculations were made for a series of methane-oxygen-nitrogen

mixtures having theoretical adiabatic flame tenpeatures of 2250 0K

at one atmosphere pressure. Includod also are the composition of

several methmne-o xygn-argon mixtures having a theoretical flame

temerature of 20000K.
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The omacigatod at or asses ued In those deteimnintions

were metered separately tbrouh critical flow oriice which wi's

oalibratd before and ate, each Individual determination. 7he

metered gases were then sent through a Bixni "T" to the flow nozzle

burner. A side-stream of the Sases flowing to the bunew ma with-

dram through a rotameter (calibrated on the as mixture flxiig to

the burner) at such a rate that the gas flow thkou~h the nozzle pro-

duced a flat flam Just above the nozzle opening. The volumetric

flow to the nozzle divided by the norule area then gave the burning

velocity of the gas mixture. The folloig equation ws used for

this calculation:

VB (Q 1-Q)/RO

Wftre T total metered gas flow (CF/sec.)

QS -sidestrem Smflow(CF/ec.)

R - radius of nozzle burner (ft.)

VB- burning velocity (ft./see.)

The burning velocity ma also checked by the cone height method

using a three eighths inch blarnerp as described In Report No# 6D, and

us'ig the - as mixues.

The effect upon the burning. velocity of the atmospbere In vibich

the combustion takes place as eom~ned by d _tmluiizW the burning

velocity in the open ams*ieand then 'enzizine It with the flow

nozzle shielde ith a tight MUtMn glass mantle thr'ee Inches In

diameter and eighten Imbes hi1&.

( ~ M TWA* I for' mlyses ofgss ud

2-
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CEO 99.5 02 99.1 Na 99.9

CaM. 0.2 N 0.9 A 0.1

Na 0.3

COa tr, e
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The results of the burning velocity detewminatiame an the

methanwqoxgmn-nitrogen s"stem at 20000K and one atmospher'e pressure

using the flow nozzle method ares listed in Table II and presented

grahicllyIn Fig. 1. The compositions of the ese fed to the

flow nozzle fbr tbao deterninatians are listed 1n Table MI.

Theoretical equilibium~ camosition of the bued products

for the methan -oxygen-nitZ'o8If system at 2000*X and ome atmosphere

partl. pressure are given in Report No. 6.

In exeminng9 FPg. 1 It amn be seen that the binning velocity

curve d emImned by the flow nozzle method indicates fleeter bwunng

velocities than those secured by the one height method.* The tw

burning velocity curves show a close correlation up to an owygen to

metbane ratio, of 60% of the stoichioaietrio at whiich a minmn is

indicated by both methods.* Beyond the winlizin polut the burning

velocities idctdby the flow nozzle method Increase much more

rapidly thu the velocities indicated by the coeheigt method.

It bas been noted tbat to the right of the mInuim bmrning

velocity poi.nt (60% of stoiohiomtrio) the nlame secured by the flow

nozzle boa a grat tmnucy to fam a polyhedral flme and oncoe a

polyhedral flme Is fomd the flat topped time used for the binning

velocity detaInt~wo is not readily oba0be !bis teniewc

tcMa' ctda flisme fozuation qnren as the oqmn to =Uw

ratio io'aethum 1ioscin the difficulty In obtaining a flat

time at high rMqpn to methane ratios"

Ths totian of the polybedral flam indicates a diffusion

proces taln place Odao crests metwe rich soon - thefiM.O

it is ac-- eivable tbat these Meten rich zones, having a tersuiature
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ditch Is hg thn the calculated 20001, i.ozrsse the bumafi

velocity of the flame front y1elding a his& Indicated buntt*

velocity.

The effect of the differeme in aeratian In the two methods

an also aocount for the differmmoes In the indlated burnlng velool-

tes. The geometry of the conical flaw i suoh that there Is a

much geate pomsibility for the mt of secondary air Into

the flame zone than with the flat fame obtained with the flow nozzle.

This air should have a deflnite quenchIng effects lowein

the flame temperature and heoe lwiong the indicated burning

velocity.

To exm'ie this effect of secondary aeration upon the flat

flames a glass mantle the Jnchs in dit w and elghteeni ±mes

high m placed around the flame to exclude air and produce an

ateosphore of combustion produots about the flame. It us found in

all cases, both for mixtures above and below the stoce tric o:,W

to methane ratio, that the indioated flme velooity increased. This

Indicates that below stoioiometric osgen mlitures, the quenobIng

effect of the Included air offsets ay Increase In the beat released

by the combustion due to ti e mes metbne bmin ith the included

oqg. n placing the mntle about the flame the gses enkmined

b the flame wer heated to a tuipea'%M'e above oom, topeste and

hen the qunohing effect would be lessened and tas I ted buln

velocity would be !" reSd.

te esating effect of the nossle could also osame t1h burnag

velocity ve ot t fw nozzle d1tmljmtiins to be above the cum

of the cae he it dIteatnians . Since ti noles we. =Gooled

t mr uet e mes sm t above room tfertm'e dw the
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dotemImatims, Tkis &lm oould cause a shift uw',d In the bum-

ing velocity ourve.

The burer, inlet Sp composition for the netnozygsn-

nitrogen system at 2250K mad one atosp re pressure with the ogm n

to motbene ratio and nitrosen to mothae rtio are given in Table IV

and gpahially presented in Fig. 2. The equilibrium omposoitios

of the produots of combustion for this system are given 1ni Table V.

Data for the mothnnooxgOMMa system at 2000OK and one
atmospere pressure are given in Tables VI and VII and Fl. 3.

It is possible to eetlmte the cmposition of any s mixure

that ill give a ostant theoretical adaatic flawn tepewature If

the stoichiametrio point, the methane rich and onen rich point are

calculated and plotted as in Figs. 2 and 3. The inteimdit points

lie on ap3Pi'Jtiay straigt Lim.

-(
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(1) The burnng velocities of the methane-ISin-u.r m qtom sytm

at 20001O and Me atmosphere pessure, as determined by the

flow nozzle method are higher than the velocities as dotw-

mined by the cone height method.

(1) The burning velocity curve for the methan.-Q3mi-natrO8M sYS-

tm at 20001N and me a&ophee pressure should be comleted

over the entire range using the nozzle buraes.

(2) Using controlled cooling of the burner nozzle, the effect of

nozzle temperature an burning velocity should be deterMined.

(3) Using controlled gas approach tarperatures, the effect of the

( gSa approach temperture should be determined.

(4) The burning velocity curvo fo-, the methane-OZYBgn-nitrogen ss-

tea at 2250K and one atnosphere should be rxm to determine the

quantitative effect of flame temperature on the burniog velocity

of this sytem.

(5) The bmuing velocity curves tar the methe-On Gen-aa Mand

neth-ne-cm -helium systems should be deteminzeld at a 2000*K

theoretical flum temerature. The wesults muld i=doate

bothA' the drop in burning velocity in the regon above the

O to nethne ratio of 8.0:1,.0 is caused by the deevase or

absenoe of nitric arde. It will be noted that in this region

the factian of usthene is constant and qgm Is substituted

f ntaog util an =WSW to M tbom ratio Of l1.41:1.O is

esoh.d at =ioh point tbwe is no nitvogem in t: xizW .
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The off so an bum±D volooity of the thaml oomduotivity of

the diluemt pw would be shm with the use of rp awgndw h.am

an the tbhwd ooapcot.
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The auhr p'ateful1~' ackmwledge the assist-

ance of E. PAndersan In the collectLon and calcul.ation

of' the data.
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l IMETAL OM 0=r&= ON A N1'ZZLr mJRN'2
OR THE BURNING rpOCTY~ OR TE

AT 2000 X A~n OHE aq =~1~ PRM1 SflRV

Mole Ratio Nozzle Volumetric BUrilng
Oxygen to Diameter Flow Vel i(ty
Methane (inches ) ( ftI .Lec.

0.783 0.50 4.45 0.907

0.783 0.50 4.40 0.896

1.20 1.00 11.31 0.576

1.20 1.00 10.99 0.560

1.60 1.00 20.21 1.029

1.60 1.00 20.11 1.o24

2.00 1.00 15.19 0.773

2.00 1.00 18.o 0.919

3.00 1.00 30.55 1.556

3.00 0.75 17.85 1.616

5.00 0.50 9.156 1.865

- 10 -
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WTRTh~INIP ~S 0 ITTON PMR M

M AND OlWNI'RD yR~iAP20 0

Mole Ratio Mole Ratio Mole Mole Mole
oxgen to Nitrogen. to Percent Percent Peroent

0.783 0.00 56.07 43.93 0.00

1.20 3.36 17.98 21.58 6o.44

1.60 6.67 10.79 17.26 71.95

2.00 9.79 7.82 15.63 76.55

3.00 8.80 7.81 23.43 68.76

5.00 6.63 7.91 39.59 52.49

7.00 4.51 7.99 56.97 36.04

8.oo 3.36 8.09 64.70 27.21

9.00 2.44 8.04 72.32 19.64

10.50 0.93 8.05 84.50 7.45

11.41 0.00 8.05 91.95 0.00

- 11 -
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1FTRN1I? ThW AS C-1P(TP 011 PM3 'PA
bU=H3I-ffMGU -NTq'0~ SYSMPI ATP AMhARAAT

QE! mmmvz
DatIu TanPerature: 3000K

Mole Ratio Mole Ratio Mole Mole Mole
o Nitrogen to Percent Percent Percent

Miaa mQA a Hmno

0.856 0.00 51.87 46.13 0.00

2.00 7.28 9.72 19.45 70.83

5.00 4.312 9.70 48.49 41.81

6.00 3.245 9.76 58.57 31.67

7.00 2.193 9.81 68.67 21.52

9.20 0.00 9.81 90.19 0.00

- 12 -
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TAEUR

Datum Te mp ature: 300*K

CO 0.0252,41 0.086077 0.09495* 0.095870 0.096413 0.096539

CO 0.307214 0.01033. 0.001562 0.001357 0.001216 0.001008

1,20 0.211286 0.187259 0.18875* 0.189408 0.190061 0.190048

N2  0.000000 0.701279 0.410e94 0.3090e5 0.208285 0.000000

0s 0.000000 0.005289 0.281610 0.380187 0.479894 0.6991*8

H2  o.450981 o.o039*2 o.0o054 0.000471 0.000420 0.000348

0 0.000000 0.000291 0.002126 0.002470 0.002775 0.003350

H1 0.00*977 0.000465 0.000173 0.000161 0.000152 0.000138

OR 0.00o03o o.o02842 0.0O7701 o.oo8331 0.008839 0.009704

NO 0.000000 0.002217 0.012376 0.012479 0.011511 0.000000

- 13 -
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M1NM TNJJ OA IC1CTlIO?1 BOB 1'

PIA~ J3IER~PfRROP2000I AMf

Datum Tapperature: 300K

Mole Ratio Mole Ratio Mole Mole Mole
Oxygen to Argon to Percent Percent Percent_MaanA. mabut me QEM Aam

0.783 0.0 56.07 43.93 0.0

2.0 15.534 5.40 10.79 83.81

8.o 5.713 6.8o 54.37 38°83

11o41 0.0 8.05 91.95 0.0

- 14 -
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;EMTLTTIh JQ04POSITTN OP TM~W PROIIET PR TM
MWNNROXflWAMN YSAT A E~ 7Air

Co,, o.02 18 1 0.0o519o9 0.0o67773 0. 08032.5
O0 0.311311 0.001966 o.000015 0.000126

H2O 0.1z6700o 0.10 6584 o. 13JI52 0.1z59350

A o.00000 0.8,681# 0.38792 0.000000
0.00000o 0.001t7 T. o675 0.0756500

2  o.0 9 8656 o.ooo80 o.000060 o.000052

o 0.000000 o.o3o6 o.ooo68 0.000608

H o.oo116 0.000047 0.000013 0.000011

OH 0.000032 0.000501 o.oo2365 0.003005

- 15 -



PROJ. B-143 FIG. NO. I
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PROJ. B-143 FIG. NO. 2
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