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PRE.FACE 

Previous imres't:,igationo show that 

spontaneous ignition temperatures are 

a.ff ected by vaz·ious experimental 

factors. In this investigation an 

attempt is made to design an ignition 

chamber in which these experimental 

variables have no effect. 
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THE HEMISPHEJUCAL ME'l'HOD FOR DETE:RMIND:JG 

s.PONTJUJEOUS IGNITION TEMPERATURES 

"A sys-t.er:1 ignites uhen the ri-tt.e of gain of' heat due to oxidation is 

greater than t,he rate of loBs o:t hcat .. 0 (22).. This .is usually recognized 

by the presence of a flame. Ignition caused by sources ot.her than spark or 

flame is designated as spontaneous ignition., 

Ianition temperatures are not characteristic of the substance alone 

but are dependent upon certain axperimental variables o.f the particn.lar 

systG!n. Previous experiments indicate the following variables definitely 

influence the values of spontaneous ignition temperatures. 

l"' Fuel to ai:I:> rat.io .. 

2. Inert and other foreign gases,. 

3!t Surface to volume ratio of the system.. 

4. Pressure of the system. 

,. Tme lag or induction period bet' ore ignition. 

6. Surface in contact, wH,h the gases. 

There is a certain fuel to air ratio that gives a minimum ignition 

temperature. This is very near the theoretical m~ture. Above and belovt 

this composition the ignit,ion temperature increases. 

'l'he ignition tempera:i:,ures o.f hydrogen and carbon monoxide are raised 

when the nitrogen of the air is replaced with carbon dioxide (2, 3)., In 

a hydrogen :mixt,ure vdth. an oxygen to nitrogen ratio of one, the ignition 

tempera:t.ure is lower than for mlxtures wi·th air. ·rfuen the nitrogen in air 

is replaced by argon, the ignit:i.0I1 temperature of hydrogen is raised but 

is still lower than when carbon dioxide is the replacing gas (22) .• Pure 
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carbon monoxide in dry air has a much higher i;1nit,io:n te:mperatu .. re than impure 

carbon monoxide (from st.eel flask, 1.,57'6 hydrogen content) in dry air.. Various 

carbon monoxide-hydrogen mixt,ures in dry air have different ignition tempera­

tures 1:n1t. tend to be nearer that of pure hydrogen (1). Moisture affects the 

ig:ni tion tempera:t.ures of fuel rnixtures in different ways. In ·the ignition of 

methane-air ndxtures the effect of water vapor less than 20;t saturation is 

too slight to be detected (13). However, maall aTI1ou...nts of water vapor lower 

the ignition temperat,u.re of carbon. :monoxide but.. increase the ignition 

temperature of hydrogen (2, 3). 

Dixon and Coward (5) used a cylindrical cham.ber made of silica that was 

heated by an elec-trical :resistance furnace. They found t1'.a.t the ignition 

tem.pera:r,ures of h;y-rd.rogen~ carbon 1n.ono.:dd0, cyanogen and bydrogen sulphide 

varied with an increase in the di@.meter of the chamber u.ntil a lin.:l.t was 

reached where an increase in the di8x.1et.er produced no fu..i:--ther change. 'fhe 

ignition temperature of some paraffins (methane, ethane and propane) and 

aJllli"lonia varied considerably over t.he range of diameters they investigated. 

The ignition tEmpe:i.~ature of metha.ne in air regulc.u:·l;:., decreases with an 

increase in pressure. On the other w.md, the ignition temperatu..re of hydrogen 

in air goes throwih a raa:dmu.."1 at about 1000 rnm. of mercury (6). Car1)o:n mon­

oxide has a ma.xiHm"l. ignition ·temperature at a pressure of 600 mm. of mercury. 

Addition of small amounts cf bydrogen to carbon monoxide-air mixt;ures causes 

this maximtm1 to decrease and "i:.he point of rn1,1xirnma igni tio:n tempe::rature t,o 

shift to a higher pressure (4). 'fhis fall in ignition tempera.tu.res at very lm-, 

pressures as well as at high pressures appears to be a e;eneral property of 

combust,ible gases. Methane appears t.o be the exception. 

Induction period is the t:i.He between mixing of the fuel with 11ir or 



o.rygen and ignition. Upon :mixing, some kind o:f reurrangement and/or 

reaction takes place 1rirhich in soIB.e gases causes an increase in the initial 

llixing temperature and in others .u decrease. Fihe:n th1c; initial temperature 

increases, the induction pe:riod can be very short; ·when it decreases, 

relatively long (order of magnitude of 10 seconds). Disregarding other 

influences, higher ignition temperatures are necessary when the induction 

period is decreased (14), Dixon and Higgins (6) found that by their method 

of mixing '!:.he preheated gases in a concentric t,ube, long periods of 

induct.ion (up to 15 seconds) were required for the ignition of hydrogen­

air mixtures. According to Jost (1.L.) this delay in ignition is principally 

due to the processes of mixing. Other aut,hors (23) in experiments by other 

methods have been unable t.o find significant induction periods. 

Surf aceis in cont.act with the fuel have been found to affect the 

temperature of ignition. Freitag (9) found that t.he spontaneous ignition 

temperatures of several solvents varied acco:rdiri:6 to whether the vapors 

vrer0 in contact, ·~"Vith glass or with st.eel. L"1 some cases t,he v.-1:riation vms 

as much as 100°c. Experimente by Prettre (2h, 25) show that a salt-covered 

glass wall retards the reaction of hydrogen and oxygen fifty t.irn.es more 

than plain glass. Vitreous surfaces heated to 500-60o0 c, eit,her covered 

rlth alkaline salt or not, catalyze the react.ion and adsorb large amounts 

of hydrogen and vmte:r vapor. Lewis (16) performed experiments by us:lng 

glass bulbs and found the f ollowinc; as to the ca:talytic effect of surf aces:. 

powdered glass and pumice increased the ignition temperature of paraffins; 

charcoal caused an increase for paraffins and a decrease for olefins; tin, 

&inc and aluminum had no effect; and silver, platinum, lead and coppeli~ 

caused ,u1 increase. 

Much oft.he vuriat.ion in ignition temperatures of a given system, as 
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illustrated above, can be attributed to the types of eKperirnents peri'omed. 

1'he kpor~nt experim1ental u1ethods that, have bee:n used for deter:min:i.ng 

n1. The explosive IB:ixt.u.re flows t,hrcri1gh ;,., conbustion tube of 
k1Wt,1t1 max:unmi"1 temperature. 

2. The mixture is introduced iri:l:..o a container of kno1ri11 

temperature. 
3., The mixt.ure is compressed adiabatically, and the temperature 

:ts computed from -!;ho. :relation betv:een Um initial and final 
vohl.Tiles or prt'3ssure. 

h. The individual gases are heated separately in concentric 
tuhc~s and mixed ut a knovn:1 ten.1poratt!.I'e. 

4a. The gases are heated ind:lvidually until just before the 
N&.xilrm.m temperat.11..r·e, are mixed very quickly, and t.he mix'&uxe 
is then browJ;ht immediately i;o the maxiJllu!ll temperatures 

5~ A drop of liquid f,1.el, or a stream of eomhustible 2:as., is 
introduced into a space of knmm tex11.peratuTe conta:i.:ning air 
or oxygen .. 

$a a A strearl'l. of combustible gas and a stream of air or oxygen 
are indi~J'idually hea·ted to a knmm te1rrpe:reature n,:id then 
impinged upon each other .. 

6. The n1ixt,ure is brou:;ht. t.o ignition. in a soap bubble by nea:ns 
o:f a plD,tinum. llire of kncwm te:mperat,ure. 

7. The >G1ixture is ignited by "!,he r,hoot,ine in of bodies heated 
to D. knoim tern.per a tu.re. 

i3. Tho mixture is heat.eel by i:n.se:rti:ng :metal rods heated to a 
knovm t.e:I1p0ratm·e. 11 

ignition tau.pe.rat.u.r€S for hydrogen-air rdxtures. These values have a 

:maximum ·~ariat.ion of ,5oo0 c, which shoT'I. that the conditions of t.he 

experiment have a decisive .effect on the :te;nition temperatures oM.ained .. 



EVOLUTION OF IGNITION CHAMBER DF.SIGN 

In any apparatus in which the gases remain for any time whatsoever , 

heat will be transmitted to or f rom the gas depending on whether the surface 

of the container is hotter or colder than the gases. An ignition chamber 

that has a surface/volume ratio of zero would eliminate any surface effect . 

Gases traveling radially outward from the center of a sphere would satisfy 

this condition. Conveying the gases to the center of a sphere without hav­

ing catalytic surfaces within the chamber is impossible. 

A hemisphere has many characteristics of a sphere, the chief one being 

a low surface to vol ume ratio . The surf aces that come in contact with the 

fuel- air mixture celJl easily be kept cooler than the mixture. Ignition will 

initiate where the hotter mixture is located; namely, in some position away 

from the cooler surfaces. 

Since the velocity of gases flowing in a radial direction decreases 

rapidly, the throughput for the hemispherical. chamber must be high. A high 

local velocity is a1so needed at the mixing zone to keep the residence time 

in the mixing zone negl igible compared to the induction period. This local 

velooi ty can be increased further by restricting the volume of the mixing 

zone. 

If the ignition temperature as a function of induction period for a 
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given system is pl otted as in Figure 1, a curve such as AB or A' B' is obtained. 

The temperature at which the gases are mixed is the tamperature at zero time 

and are indicated as points C, C 1 , etc . As the mixed gases flaw through the 

ignition chamber, heat will, or will not, be transfered f r om the hot gases 

to the chamber, depending upon the mixture and the system. If no heat is 

lost by the hot mirture, its history as it flows through the chamber can be 

indicated by lines CD, c •n•, etc. for a specific mixing temperature. For 
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FIGURE 1 

INDUCTION PERIOD 
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this case the actual ignition temperatures are obtained as the intersections 

of curves CD, C'D ' , etc. with AB. Ii' the hot mixture loses heat by convec­

tion and/or radiation, its history as it flows through the chamber can be 

indicated by lines CE, C'E', etc. In this case ignition will occur at an 

induction time greater than that for no heat loss, when the gases are mixed 

at temperature c, but at an induction time less than that for no heat loss 

when the gases are mixed at temperature er . The condition where heat is lost 

by the mixture will give a different ignition temperature-induction period 

curve, as indicated by curve A ' B' • 

For the hemispherical chamber the heat loss by the main body of the 

flawing mixture will be due principally to radiation. The amount of heat the 

mixture will lose depends on the gases used. For gases with symmetrical 

molecules, hydrogen, oxygen, nitrogen, etc., radiation losses are negligible 

(18). For all other gases radiation losses must be taken into account. 

By placing a cooling grid a known distance from the mixing zone, the 

residence time for the mixture in the chamber can be determined from the mass 

rate through the apparatus . A plot of this residence time against temperature 

will appear as FG, F ' G', etc . in Figure 2 for individual mass rates. If the 

mass rate through the chamber is kept constant as the temperature is 

increased, curve FG will be followed from G toward F . As the temperature is 

increased, the ignition temperature for the mixture will follow along curve 

AB (Figure 2) from B toward A. Ip,nition will occur for this mass rate and 

mixture at point D, where the curve FG intersects curve AB. In this way point 

D, itself, can be established. 

From a series of runs for one mixture in which the mass rate is varied, 

the location of points D, D•, etc. may be obtained. In this manner curve AB 

may be constructed. 
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FIGURE 2 
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DESCRIPI'ION OF APPARATUS 

An attempt was made to design an i gnition chamber in which the conditions 

of the experiment, namely, surface to vol ume ratio and type of surface, l'lOuld 

have no affect. This l ed to the de sign of an ignition chamber, hElllispherical 

in shape, with the outer boundary covered by a cool ing grid. 

A 4 inch- radius ignition chamber was designed to give an induction period 

0 
of 0. 2 s econds at 50 pounds o:f air per hour and a temperature of 1200 F. The 

chamber was constructed of annealed stainless steel, Type 304, 18-8 low carbon, 

to stand temperatures up to 1800°F. The base plate was made from 16 gauge 

steel and the distributor 28 gauge . 

This ignition chamber is shown in Figures 3, 4 and 5 vd th a detail 

drawing in Figure 23. The chamber consists of a base pl ate, distributor and 

cooling grid. The base plate (1 in Figure 3) has a cool ing chamber for keep-

1ng the base plate and distributor cool er than the flowing mixtures . In the 

center of the base plate there is one opening for the air to enter inside 

the inside portion of the dis tributor; five other openings for the fuel are 

located so that the fuel may be introduced directl y into the annular space 

between the insi de and outside portions of the distributor. The inside 

por tion of the distributor (2 in Figure 3) is insert ed into a tight-fitting 

groove in the plate. The outsi de portion of the distributor (3 in Figure 3) 

i s bol ted to the base pl ate . The wire grid ( 5 in Figure 3) is held to the 

base pl ate by a r etaining ring (4 in Fi gure 3) that is bol t ed to the rim 

of the base pl ate. Figure 4 shows the base plate with the distributor 

attached. Figure 5 shows the i gnition chamber assembled as a unit. In this 

unit the heat ed gas es are mixed in a small annular space of the distributor 

of~ inch radius and emerge radially at a high velocity into the chamber, 
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F i gure3 

Fi gure 4 

Fl9ure 5 

HEMISPHERICAL COMBUSTION CHAMBER 

OCT. 15, 1949 L!.. y}. JJ~ 



where the velocity decreases rapidly. The gases after flowing through the 

chamber contact the cool ing grid in order to quench an;y reaction and remove 

the possibility of i gnition after the measured time 1n the chamber. With 

the base plate sufficiently cool, there should be no surface effect from it. 

The surface to volume ratio for this chamber is low. 
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The preheater (Figure 24) for heating the gases separately before mix­

ing 1n the distributor of the ignition chamber was constructed of annealed 

stainless steel, Type 304, 18-8 low carbon. It consists of heating coils 

submerged in a lead bath that is heated by a gas f ired furnace. The air coil 

is in two l engths, each 22} feet of 5/1611 o.d. 20 gauge tubing, connected in 

parallel. The fuel coil is 21 feet of i" o.d. 20 gauge tubing. The lead bath 

container is 1/811 welded plate. Thie container has a stirrer that extends 

inside the draft tube and is turned by a variable speed motor. 

The flOllllleters used to measure the gas rates are orifice plates with 

flange taps connected to manometers made of "Saran" tubing. The orifice 

openings are O .250" for the air and O .l.56" for the fuel. The manometer f luid 

is a red oil with a specific gravity of 1.000. 

Chromel...alumel thermocouples were used to measure temp~t~es . Thermo­

couple Number 1, used in the lead bath, is No. 20 B. & s. Gauge wire and 

Thermocouple Number 2, used in measuring the gas temperature in the calibra­

tion runs, is No. 28 B. & S. Gauge wire. The thermocouple leads were con­

nected to a Leeds and Northrup potentiometer. 

The complete assembly is shown in Figure 6. A schema.tic drawing of the 

equipment is given in Figure 7. 
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lA) Potentiomet&r with Thermocouple Connected. 

(B) Manometers and Pressure Gages. 

(C) Stirrer Motor for Gos Preheoter . 

(D) Hemispherical Combustion Chamber as shown in Figure 3. 

(El Furnace containing Gos Preheater. 

Figure 6 

HEMISPHERICAL COMBUSTION CHAMBER with AUXILIARY EQUIPMENT 
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PROCEDURE 

Thermocouple Number l was calibrated using the melting points of tin, 

lead, zinc, aluminum and copper. Thermocouple Number 2 was calibrated against 

Thermocouple Number 1 in an electric furnace. 

The f lowmeters were calibrated using carbon dioxide as a tracer gas. 

The rota.meter used for measuring the carbon dioxide was previously calibrated 

against a s tandard gas holder . 

The hydrogen used was commercial grade obtained in cylinders . The com­

pressed air used was from the laboratory compressed air supply. 

The apparatus was calibrated as a unit in order that there would be no 

objects to interfere with the flow of gases in an ignition experiment and 

so that no catalytic surface would be present in the mixture leaving the 

hemispherical distributor. The apparatus was calibrated 1Vi th the cooling 

grid and distributor removed from the ignition chamber. This was done by 

placing one thermocouple in the gas stream outlet and another in the lead 

bath. For constant gas rates simultaneous readings were taken while heating 

the lead bath. These calibration runs were made at various gas rates . 

Then, the thermocouple was removed from the gas out1et, and the 

distributor and the cooling grid were repl aced. Ignition runs were made 

by heating the bath along the same temperature-time schedule aa in the 

calibration runs for the same gas rates. A run was terminated when ignition 

took place. 
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RD-3UL'I'S AND DISCUSSION 

Calibration data for tha ther:rn.ocouples, flowmeters and the equipment, 

as a unit appear in the appendiJr. 

The results of the temperat,m•e calibra,t.ion runs a.re tabulated in 'l'ables 

VII and VIII and are plotted in li'ig11res 17-22" In each figm~e are plotted 

data for a fuel rate and air rate which 1:vhen combined i:dll givo a stoichio-

metric mi11:ture for complete combustion. 'l'he tc~raperature of t,he sas mixture 

(middle line in each fit:;ure} was comput,ed by assm11inG that each gas stre,,un 

will contribut.e a 1)01~tion to the enthalpy of the m:i..xture based on its mm 

enthalpy and that there is no enthalpy of mudng. The heat capacity data 

used i;1ere t.hose reported by Ross:tni (26). From these charts the temperature 

of the gases enterin0 the ic;nition chamber can be determined by reading the 

temperatm~e of the lead bath only. 

At the beginnirJ.G of somG of the runs the points deviate from the hydrogen 

line. This can be seen clearly in Figure 20e Here the hydrogen line v,ras found 

by makinz two separa:te calibration runs: one beginning at a lead bath tem-

o 0 
perature of 1115 F; the other at abov:l; 1180 F. These deviations were caused 

by beginning the runs before complete steady st.ate conditions were obtained 

betueen the gas leaving the preheater and the tube walls leading to the ignition 

chamber. 

The distributor (!Jo .. 1) used in ignition runs 1-3 was drilled with .34 

holes, 1/16n diameter, in inside port,ion and 66 holes, 1/16" di.'.ll:ileter, in out-

side portion. A wire screen was inserted in the anm:ilar space of the distri-

bu tor to i:m.prove the flow pattern from the distributor. F'or ra11 4 the inside 

portion of the dfot:dbutor nas drilled 1,rj_ th 65, J/6411 holes and the outside 

portion with 80 holes, 1/32'1 dia.meter8 With this distributor (No. 2) the flow 
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distribution was improved. The inside portion of the distributor used in run 

4 was also used in runs 5-10. The outside portion for these runs was drilled 

11dth 102 holes, l/J21t diameter. This distributor (No. 3) offered little 

improvement in flow distribution over lfo. 2., 

Ignition .-ms recognized by a loud noise that sounded like the popping 

of a large inflated balloon. After ignition the flame would flash back into 

the annular space of the distribu:!;or, and the distributor began to melt. 

Only a few seconds passed between ignition and the ruelting of the distributor, 

To prevent burning out. the distributor, a quick shut.-off arrangement 

,.ras attached to the hydrogen cont.rol valve. This method was effective until 

the highest velocity run (Run 10) was made. At this velocity :Lt is estimated 

that the distributor burned out in much less than a second after ignition. 

The bt1rned out distributor (No. 1) used in run .3 is shown in Figv.re 8. 

In t,his run all portions of t,he dist,ributor were burnt. In F'igu.re 9 is the 

distributor (No. 2) that was used in run 4. In this run only the out.side 

portion was burnt. The inside portion of this distributor v.ras used for the 

remaining runs 1itl thout daJnage. Distributor No. 3 after being burned out in 

run 10 appears in Figure 10. 

In all cases the distributors burned out, at, places where the velocity 

.from the out.side portion of the distributor was t.he highest~ These places 

of high velocity were where t11e holes in the inside portion of the distributm.· 

were in almost direct line with some of the holes of the outside portion of 

the distributor. 'fhe air entered the anm.J..lar space :from the holes of the 

inside portion of the distributor at a much higher velocity than that of the 

hydrogen., entering directly into the annular space. YJhere the holes of the two 

portions of the distributor were in line, mixing would not be good and would 

give a leaner mixture than that of other parts of the distributor. At regions 
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FIGURE 8 

FIGURE 9 

FIGURE 10 

Mar. 29, i950 ;t', 2.1J~ 
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of lean mixtures the flame was stabilized and bu;cning out of the distributor 

occurred. This is in accordance v:ith findincs of other investigato:rn (11) on 

combustion, who have found that the fla.11.e velocities on the lean side are 

higher than on the rich side of the stoichi01,1e-tric proport.ions. 

Dist,ributor No. 3 has a smaller portion of burned out area than the other 

distributors. This is believed, but cannot be proved, to be due to better 

mixing in distributor No. J t.ha.n in t,he other two. The time of bUl"'nin.c;; was 

no·t;. necessarily the same in each case. 

The ignition temperatures obtained in the present experiments are listed 

in Table I and Figure lL, 

Run No. 

3 
4 
.5 
6 
7 
8 
9 

10 

Distributor 
Nrunber 

l 
2 
3 
3 
3 
3 
3 
3 

TABLE I 

Ir1duct,ion Period 
Second:;; 

0.36 
0.37 
0.36 
0.27 
0.53 
0.23 
0 .. 20 
0.18 

Ignition Temperature 
OF 

1330 
1255 
1302 
1309 
1286 
128lt 
1298 
1.316 

From these data it can be seen that for this apparatus the ignition tempera-

tu.re of stoichiometric mixtures of hydrogen and air remains almost constant 

at about, 1300°F over the range o:f induct,ion periods imrest,igated. 

The largest deviations in Ii'igure 11 are the point,s obtained 'ci th 

different distribu:tors. This is probably due to different mixing and velocity 

distr:Lbution produced by the different distributors. Othe:c deviations -«ere 

probably due to the slight differences in p:ressu.re for the different runs. 

A distributor that gives more uniform mixing and more even Vf1locit.:-J 
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distribution is needed to produce better results ·with this apparatus. This 

could possibly be accomplished by having a high pressure drop through the 

out.sid63 portion of the distributor. A distributor of this type could be 

constructed from either thicker stainless steel with smaller holes or from 

a porous material. Another possibility would be to iinpinge the fuel and air 

upon each other inside a. single-shelled distributor. 

20 
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COi1CLUSIONS 

1. The mixing of t,he preheat.ed gases and their velocity distribution through 

·t.he hemispherical ignition chamber are important factors in the results 

obtained 1,i th this apparatus. 

2.. Unif'orm mixing and even distritn.rtion are difficult to obt,ain vd th a 

distributor made from a thin material .. 

J. For "t,his apparatus the ignition temperature of stoichiometric mixtures of 

0 hydrogen and air remains almost constant. at about 1300 F over the range 

of induction periods from 0.18 to 0.53 seconds. 



22 

RECOll:ill!IENDATIOHS 

1. 17or the hemispherical method to be useful for determini:ng true spontaneous 

ignition temperatures J, better distributor is needed. This distributor 

should give uniform mixing and an even radial flow. 

a .. The :flow pat.tern could be :L'llproved by :ma.king the outer portion oft.he 

distributor f:rom thicker material with smaller holes. This, however, 

might, not give uniform mixing. 

li.. Another arrangement that ru_ight, solve the problems of mixing and 

velocity distribution would bo t.o ir:1pinge the hot gases upon each 

other inside a single-shell distributor. This diGtributor would have 

t,o be very small (possibly ln radius) to keep residence time short 

and should have a lare;e nuribm0 of very small holes. To accomplish 

this, a complete new ignition chamber would have to be constructed. 

c. The use of an outer shell of porous material for either of the above 

types of mixer-distributor should give very uniform velocity distri­

bution. 

2. For a complete investigation of induction periods th,3 cooling grid of the 

hemispherical chamber would have to be made larger so that longer induc­

tion periods could be obtained. 

Je For better results the hemispherical ignition chamber should be enclosed 

in u larger cham.be1~ to enable a. control over the pressure. 

4. For studies under dry air conditions a method must be devised to drsJ 

the ai:r. 
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SUGGESTIONS li'OR 01'H1;R TYPES OF IGNITION CHAl~Iffi<:RS 

Even though this author cannot recomn1end the following types of ignition 

chambers over the hemispherical chamber, they could be helpful for studying 

certain phases of spontaneous ignition temperatures~ 

1.. A method that might prove sa:t.isfactory 1/Jould be to have the fuel and air 

:mix by diffusion as they flow through a cylindrical chamber at the same 

velocity. The fuel and air would have t,o be injected separately into the 

cha.'Ilber through concentric porous membranes. This would produce a flat 

velocity distribution curve that vrould remain throughout the length of the 

tube, if high velocities and a short chamber a.re used .. This would enablei 

t.he average velocity to be used as the true velocity without error. The 

fuel would enter through a small opening at the ce:nter of the tube and 

would diffuse laterally outward as it traverses the length of the tube., 

The air would enter and flow in the annular space, diffusing laterally 

irnmard, into the fuel core as it traverses the tube. In this t,ype of 

apparatus induction periods could be :measured accurately)/ but the com.po­

sitions could not be deter1,1ined or controllecl. 

2 ~ '.i.'he use of concentric spheres could possibly be made effective. .A metal 

out.side sphere could be heated by being submerged in a. molten metal bath~ 

'l'he insid~ sphere could be mad.e of thin c;lass and have a diameter slightly 

less than that of the outer sphere. (The spheres could be small, possibly 

211 in diai11eter.) 'fhe inside sphere v.rould be filled with the combustible 

ITJ.i.xture. Heat would be rad:La:t.ed from the inside wall of the outer spher~ 

and would converge upon the stagnant mixture at the center of the glass 

sphere. Ignition of the mixture would occm~ first at the center. The 

mixture at the center would be free of all surfaces. This cham.be-.c would 



give ignition under condit,ions of a surface/volume ratio equal to zero. 

The :mixture would be uniform and its composition known .. In this apparatus 

induc·tion periods could not be measured accurately. 

24 



25 



TABLE II 

TliE1UV!OCOUPLE CALIBRATION 

Thermocouple lfo. 1: Ch.romel-.1Uurael, No. 20 B. Se s. Ga. 

Thermocouple Reading 
°F' 

446 
619 
788 

1212 
1974 

Corrected Reading 
0~1 

449 
621.J 
787 

1220 
1981.4 

Thermocouple Uo. 2: Ghromel-.Almnel, nJo. 28 B. & S. Ga. 

Thermocouple Reading 
°11' 

382 
565 

1055 
1254 
1576 
1704 
2133 

Corrected Reading 
Op' 

390 
570 

1057 
1260 
1585 
1713 
2147 

26 
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CtiLIBHt1.?!0tJ OF' 'f)I!:1' TEST ?lI:TE:R Z-!ITH 
Si'!iJ~JtD Q;;\8 HOLDER 

Temperature - 7f!P F 
Baronwtric pres1:3Ul"e - 29.10 inches of Hg 
'l'ime of each run was 'Nithin specifications for accu:rat,c 
results. 

Run No. 

rue 1 
MC 2 
MC .3 
~4 
MC 5 
fu~ 6 
MC 7 
ntc 8 
flC 9 

i~ctual Air Passed 
Through Meter 

ou. ft. 

0.100 
0.100 
0-100 
0.100 
0.100 
0.100 
0 .. 100 
0.100 
0 .. 100 

lwer~e rea~ = 9~;156 = 0.0973 cu. ft.. 

r.1et~r 
Indicated 

cu. ft. 

0.0973 
0.0972 
0 .• 0970 
0.097h 
.0.0975 
0 .. 0973 
0.0971 
0.0973 
0.0975 

0.8756 

0.100 cu. ft.. of gas is ~quivalent. too.0973 cu. ft .. as read 
on Wet Test Mater. 

29 
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TABLE IV 

CALIBH.ATIOl\l OF ROTiu'Il:E,'ff;R 1JSI'l'H WET TEST MErER 

Fluid - carbon dioxide 
Tu1olecular weight. - 44 
Barometric pressure - 29.00 inches of Hg 

Run 1\Jo. Static Rota.meter Temp. Actual Gas Time Flow Rate 
Pressure Reading Passed (1 atms., 80°F) 
in. of Hg mm.. °F' cu. ft. sec., moles per csec. 

iJ x 10:;i 

M.C 10 29.265 18 so 0.305 119. 1t. 0.618 
MC 11 29.298 50 80 o.305 94.80 0.783 
MC 12 29.349 86 80 0.305 75.40 0.978 
MC 13 . 29.)86 107 80 0.305 67.30 1.092 
MC 14 29.4.30 13.5 80 0.305 .58.9L. 1.246 
MC 15 29 • .51<3 174 80 0.30.5 50.24 1.460 
MC 16 29.621 212 80 0.30.5 43.00 1.697 
MC 17 29.666 226 81 0.305 40.89 1.78.5 
Ii/IC 18 29.599 20.5 B2 0.305 44.70 1.633 
IilC 19 29.548 183 82 0.305 47.97 1.530 

* MC 20 29.467 157 8.3 0.305 $4.62 1.224 
MC 21 29.401 118.5 83 0.305 63.77 1.153 
MC 22 29.327 76 82 0.305 80.03 0.921 
MC 23 29.309 62 82 0.30.5 87.55 o.847 
MC 24 29.581 190 82 0.305 46.75 L.565 
MC 25 29.276 33 82 0.305 107.62 o.688 

* Probable error in tilne measurement 
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Run No. 

MC 26 
MC 27 
MC 28 
MC 29 
MC 30 
MC 31 
MC 32 

TABLE V 

CALIBRATION OF HYDROGEN ORIFICE WITH CARBON DIOXIDE TRACER 

Fluid - Izy"drogen 
Size of Orifice - 0.156 inches 
Pressure on Orifice - 30 pounds per sq. in. gauge 

-
:Barometric Temp. Of Rota.meter Sta.tic Rotameter Actual CO2 Manometer 

Pressure Mixture Pressure Reading Passed Rea.ding 
( a.. bove A t"'IllS. ) moles ner sec. cm. 

mm. °F in. of water mm. M x~l<Y of vater 

748.o 60 7.55 83.5 0.<]75 5.1 
748.6 58 6.90 107 .5 1.119 1.1 
748.6 58 10.65 129 1.247 12.7 
748.6 58 14.40 183 1.562 19.9 
748.6 58 15.45 177 1.539 25.8 
71~4 .2 68 10.00 181 1.523 2.4 
744.2 68 13.25 176 1.490 15.65 

CO2 In Mixture 

:per cent 

5.92 
12.92 
5.34 
5.60 
5.23 

12.24 
5.45 

Hydrogen Flow 

moles :per sec. 
M X lo.5 

15.50 
7.53 

22.06 
26.35 
27.80 
10.92 
25.90 

\,J 
w 



Run 1110. 

MC 33 
.MC 34 
MC 35 
:MC 36 
MC 37 
MC 38 
MC 39 
MC 40 

TABIE VI 

OALIBRA.TION OF AIR ORu""'!OE WITH CJI.RBO!!t DIOXIDE T.RA.CER 

Flu.id - Air 
Size of Orifice ... 0.250 inches 
Pressure on Ori:fie0 .. 75 pounds per cq. in. gauge 

Darom.a·Gric Temp. Of lkrtamater Statio Rotart1eter Actual CO2 Manometer 
Pressure ttlxture Pressure Reading Passed Reading 

(above Atma.) moles -oor aec. Cl'i:l. 

:!llm. °F in. of 11a ter w.. M x-lo5 of water 

745.0 70 15.12 157 1.393 1.3 
745.0 70 22.60 191 1.607 2.7 
744.7 68 26.90 199 1.667 3.45 
744.7 68 57.2 214 1.833 12.5 
744.7 68 80.2 213 1.860 22.3 
746.6 70 19.7 2J2 1.733 2.02 
746.6 70 40.0 221 1.840 6.89 
746.6 70 65.5 230 1.932 15.55 

CO2 In ];lixturo 

per cent 

9.93 
6.53 
7.95 
4.89 
4.19 

10.51 
6.43 
4.66 

Air Flow 

molee :pez, aec. 
M X 1<9 

12.61 
23.0 
19.33 
35.55 
42.5 
14.75 
26.7 
39.53 

\.,..> 
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TABLE VII 

AIR TEl"\IIPERATlJRE; CALIBHATIOfi 

Run Tc ... 16 

Air flmv constant at 7.58 x 10-5 moles per second. 
Readings made 61.t one-half (?J-) minute intervals. 

Bath 'l'em.perature Air Temperature Ba.th Temperature Air Temperature 
at Distributor at Distributor 

°E1 °F 01'' OF 

842 754 1083 985 
852 768 1092 989 
859 784 1093 996 
863 790 1107 1000 
867 795 1116 1010 
873 799 ll2J.i. 1015 
878 306 1133 1023 
88h 812 1143 1032 
888 816 1151 10.38 
893 820 1162 1046 
897 825 1166 1053 
90h 831 1173 1057 
910 835 11B1 1065 
916 840 1190 1072 
923 648 1196 1078 
931 859 1199 1082 
936 663 1201 1082 
946 873 1206 1089 
952 877 1208 1091 
963 884 1212 1095 
969 888 1216 1099 
974 895 1220 1103 
962 899 1226 1107 
989 903 1230 1112 
995 911 1236 1116 

1004 919 1242 1120 
1010 926 1248 1128 
1017 930 1252 1134 
1026 937 1257 1138 
10.35 943 1263 ll42 
1042 949 1270 1148 
1050 958 1276 1154 
1060 964 1280 1160 
1068 972 128$ 1164 
1077 977 
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TABLE VII (Contirrued) 

Run TC-1 

Air flow constant 21:t 10.9 x 10-S moles pc:!:' second .. 
Headings made at one-half (1) minute intervals. 

Bath T~~perature Air Temperature Bath 'remperature Air Temperature 
at Distributor at Distributor 

°F' °E' °F' °'F 

B22 755 1295 1209 
841 801 1300 1221 
897 827 1315 1226 
925 871 1319 12.30 
965 885 1320 1238 

1003 935 1329 121il~ 
1037 950 1342 1252 
104,2 972 13h5 1262 
1062 995 1354 1264 
1069 1010 13.59 128h 
1091 1023 1369 1286 
1101 1040 1376 1286 
1123 1051 1389 1294 
1146 1071 1393 1303 
11.56 107.3 1403 1306 
1170 1095 1403 1311 
1187 1101 1h12 1322 
1190 1120 1h20 1336 
1203 1129 1434 13.37 
1210 1140 1L,36 1339 
1225 1142 1438 131-il 
1232 1159 1443 1350 
1245 1164 144.5 1350 
1254 1173 1h48 1354 
1265 1178 1452 1357 
1271 1190 1456 1360 
1280 1194 1467 1381 
1289 1205 
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TABLE VII (Continued} 

Run Tc .... 2 

Air flm-;r constant at 15 .. 1 x 10-5 moles per second. 
Readings made at one-half(}) minute intervals. 

Bath Temperature Air Temperature 
at Distributor 

OF OF 

823 769 
826 778 
831 782 
836 790 
839 795 
8h9 797 
855 804 
859 808 
862 812 
870 818 
874 825 
877 827 
890 8J9 
892 839 
896 847 
902 852 
911 859 
915 863 
920 869 
923 873 
930 877 
934 882 
943 888 
953 894 
958 899 
966 907 
971 913 
975 914 
979 915 
982 920 
984 926 
992 930 
995 932 

1000 939 
1004 941 
1006 94.3 
1012 949 
1016 952 
1021 958 
1026 962 
1030 972 

Bath Temperature 

OF 

1030 
1041 
1043 
1049 
1051 
1055 
1057 
1062 
1067 
1076 
1081 
1083 
1086 
1089 
1095 
1099 
1100 
ll04 
1107 
1116 
1117 
1120 
1127 
1131 
1136 
1140 
1146 
1150 
1158 
1164 
1169 
1172 
1174 
1177 
1180 
1185 
1190 
1194 
1199 
1201 
1204 

Air Temperature 
at Distributor 

°Ii' 

975 
981 
985 
990 
992 
998 

1000 
1006 
1008 
1017 
1019 
1023 
1026 
1029 
1033 
1035 
1039 
1043 
10~.7 
1052 
1055 
1059 
1063 
1067 
1070 
1072 
1076 
1078 
1085 
1089 
1095 
1097 
1101 
1103 
1107 
1110 
1114 
1118 
1121 
1123 
1130 

38 



TJlBLE VII ( Cont:i.D.ued) 

Rwn. TC-J 
.... , 

Air fl01,7 cons·tant, at. 18 .. 2 :x 10 moles per second. 
Readings made at, one-ti:a.lf ( }) minute intervals. 

Bath Temperature 

854 
883 
890 
909 
923 
941 
950 
971 
984 
997 

1006 
1022 
1031 
1045 
1061 
1071 
1074 
1086 
1091 
1102 
1107 
1113 
1120 
1]31 
1142 
1152 
ll62 
1166 
1171+ 
1182 
1188 
1192 
1196 
1201 
1209 
1213 
1217 

Air 'l'e:11perat,1<n·e 
at Distributor 

°F' 

808 
827 
842 
85li 
871 
877 
892 
905 
919 
926 
941 
9.51 
967 
975 
992 
996 

1006 
1012 
1024 
1029 
1035 
1041 
1ou1 
1059 
1067 
1080 
1085 
1093 
1099 
1107 
1111 
1114 
1119 
1124 
1126 
1133 
llJ6 
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TABLE VII (Continued) 

Hun TC-4 

-5 Air flow constant a.'I; 20. 8 x 10 moles pei· second. 
Readings made at one-half ( !) minut,e intervals. 

Bath Temperature 

882 
900 
911 
932 
938 
9h9 
956 
963 
971 
982 
988 
997 

1001 
1003 
1010 
1016 
1027 
10.30 
10h5 
1051 
1061 
106rl 
1071 
1077 
1081 
1088 
1095 
1099 
1109 
1116 
1128 
1129 
1142 
ll46 
1152 
1162 
1170 
1174 
1180 
11135 
1190 
1193 
1206 
1213 

.idr TemperattU'e 
at Distributor 

°F 

84H 
857 
865 
882 
892 
899 
905 
911 
920 
926 
935 
939 
9h7 
951 
9.58 
964 
972 
981 
984 
992 
997 

1002 
1008 
1015 
1023 
1029 
1033 
1037 
1047 
10$2 
1057 
10.59 
1072 
1076 
1082 
1093 
1099 
1101 
1107 
1112 
1119 
1123 
1132 
1138 
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TABLE VII ( Continued) 

Run TC-5 
. -':5 

Air flow constant at 23.l x.10" moles per second .. 
Rea.dings made at. one-half ( }) :minu.te intr,,rvals. 

Bath T@.Jllperature 

OF 

902 
911 
921 
941 
953 
971 
9sa 

1001 
1021 
1033 
1043 
10h9 
1063 
1071 
1081 
1083 
1086 
109.5 
1099 
1102 
1107 
1113 
1115 
1126 
1129 
ll38 
llh4 
1150 
1152 
1158 
1168 
1172 
ll77 
1180 
118.5 
1192 
1199 
1201 

Air Temperature 
at Distribut.or 

°F' 

1361 
871 
886 
697 
905 
920 
932 
9h9 
964 
979 
985 
99h 

1002 
1012 
1019 
1025 
1031 
1033 
1039 
1041 
101+5 
105.5 
1059 
1066 
1068 
1078 
1082 
1039 
1093 
1097 
1101 
1107 
1112 
1114 
1121 
1126 
1133 
113'7 
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TABUB VIII 

Run TC-17 

-5 Hydrogen flow constant at, J.30 .x 10 moles per second. 
Readings made at one-half ( }} rainut,e intervals. 

Bath Temperature 

OF 

1046 
1057 
1079 
1096 
1114 
1139 
1156 
1162 
1166 
1181 
1190 
1199 
1206 
1225 
1231 
1246 
1252 
1265 
1270 
1276 
1284 
1291 
1302 
1310 
1319 
1327 
1336 
1349 
1357 
1364 
1372 
1379 
1367 
1391.t 
l401 
1405 
1409 

Hydrogen Temperat.ure 
at Distributor 

OF 

820 
820 
822 
827 
633 
835 
837 
640 
846 
848 
854 
861 
863 
86.3 
869 
875 
880 
834 
886 
892 
897 
903 
907 
913 
917 
922 
924 
930 
935 
937 
939 
943 
947 
951 
952 
9.58 
962 
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TABLE VIII ( Continued} 

Ru.n TC-6 

Thermocouple at distributor position rumred dur:l.:ng run. 

Run TC-11 

Hydrogen flow constai:1.t at 4.58 x 10 ... , moles per second. 
Readings made at one-half (}) raixm.te intervals. 

Bath 'l'e:mpera:ture 

OF 

1074 
1075 
1087 
1095 
110.5 
1107 
1110 
1123 
1142 
1167 
1196 
1215 
1227 
1241 
12.50 
1265 
1269 
127.3 
1278 
1280 
1281 
128L. 
1286 
1290 
1295 

Hydrogen Temperature 
at Dist.ributor ~· 

754 
776 
788 
806 
814 
820 
831 
637 
857 
867 
901 
909 
928 
941 
956 
964 
979 
983 
994 
996 

1002 
1006 
1008 
1010 
1012 
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TA:SLE; VIII ( Cont:tnued) 

Run TC-7 

-5 Hydrogen flow constant at 6 • .34 x 10 moles per second. 
Readings mad.e at, one minute intervals. 

Bath Temperature 

0 
F 

1067 
1081 
1095 
1126 
ll36 
n,4 
1164 
1163 

B.tm TC-12 

Hydrogen Temperature 
at Distributor 

°F' 

868 
87J 
890 
899 
905 
924 
932 
941. 

-5 Hydrogen flow constant at 6~34 x 10 moles per secondQ 
Readings made at one-half(!) minute intervals. 

Bath Temperature 

ll69 
1194 
1200 
1209 
1215 
1225 
1232 
1243 
1251 
1260 
1271 
1278 
1286 
1295 
1.301 

H;ydrogen Ta~perature 
at Distributor 

°F 

913 
9.39 
939 
956 
962 
919 
990 

1000 
1006 
1015 
1021 
1026 
1033 
1038 
104.3 



TABLE VIII (Continued) 

Run TC-8 

Hydrogen flow- constant at 7.64 x 10-, :moles per second. 
Readings made at one minute intervals,. 

Bath 'f e:r1pera.ture 

OF 

1111 
1123 
1128 
1134 
1134 
ll44 
1150 
ll61 
1168 
1172 
1174 
1180 
ll82 

Run TC-13 

Hydrogen TeIBperature 
at Di:rtributor 

°F 

869 
903 
917 
928 
939 
9h3 
949 
962 
963 
970 
977 
981 
985 

Hydrogen flow con.st.ant at 7 .64 x 10""5 moles per second. 
Readings r2ade at one-half (fa) minute intervals .. 

Bath Temperature 

1181 
1187 
1193 
1207 
1213 
1221 
12.34 
124.3 
1255 
1267 
1275 
1288 
1300 
1312 
1317 

Hydrogen Ten1perature 
at Distributor 

OF 

922 
949 
985 
996 

1002 
1012 
1024 
1031 
10.39 
lOLi7 
1057 
106.5 
1074 
1082 
1091 
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T/l.BI.1~ VIII ( Gontim1ed) 

Run TC-9 

-5 Hydrogen flow constant, a.t 8. 72 x 10 moles per second. 
Readings made at one minut,e intervals., 

Bath Temperature 

OF 

1069 
1086 
1095 
ll06 
ll17 
1129 
1144 
1152 
1159 
1180 
1188 
1199 

Run TC-14 

Hydrogen Temperature 
at Dis~ribu"t;or 

F 

901 
909 
917 
930 
9.35 
943 
947 
956 
962 
972 
98.3 
990 

-5 Hydrogen flow constant at 8.72 x 10 moles per second. 
Readings made at, one-half ( i) minute intervals. 

Bath Tempera:ture 

OF 

1203 
1215 
1229 
1232 
1241 
1246 
12.56 
1265 
1269 

Hydrogen Temperature 
at Distributor 

OF 

964 
1011 
1017 
1027 
1032 
10.38 
1048 
1055 
1057 
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'!'ABLE VIII ( Continued) 

Ihm TC-10 

-5 P'.iydrogen flow const;..mt at 9. 70 x 10 moles per second. 
Readings made at one Eru1ute intervals. 

Bath Tc-mperature 

1092 
1106 
1111 
1123 
ll29 
1139 
114h 
ll52 
1150,, 
1168 
1172 
1179 
1190 
1199 

Ru.n TC-15 

Hydrogen 'I'er,rperat,ure 
at, Distributor 

°F 

905 
926 
9.51 
956 
962 
968 
977 
981 
9B5 
990 
994 
996 

1000 
1004 

-~ 
B'wdrogen flo0~:r constant at, 9. 70 x 10 .,, moles per second. 
Rec.dings made at one-half (}) ni1:1ute intervals. 

.Bath Te:m.perature 

1195 
1203 
12ll 
1228 
1239 
1254 
1265 
1273 
1275 
1290 
129.5 
1301 

Hydrogen Temperature 
a:t Distributor 

OF 

970 
1015 
1041 
1041 
1057 
1061 
1067 
1072 
1076 
1080 
1085 
1095 

47 



1300 

u..1200 
0 

-a:: 
0 
I­
:, 
!Il 

er 
~ 1100 
0 

u. 
0 

wlOOO 
er 
::, 
1-
<t 
er 
w 
a.. 
~ 
w 
1- 900 

BOO 

7 50 

._ 

'-

-

-

L-

---

-

'-

...... 

'-

-

'-

I 

750 800 

•. 

/ -

.v -
. 

/ ,,V -
/ 

KEY: / / -

0 HYDROGEN / / 

• AIR V V 
./ / • • .· 
V 

V 
i.• 

·' .~ -
•• 

/-~ 
., k:j~" ~ -

/ c})" 

V . . V,c,~ /_ 
~~~ / 

.,.. V :-\--~ ~ •• 

/ " ~' >/ ,1• 
-

v _·,l' .,. V 
o· 

000 .. I 

i. .. o o' -

·" 
o-o 

i n' II) ~· V ~..-?u b-'. 
co~ • -.,; / 

0 

• r-• ,. O o, 0 ... c, o O O V -, .... • .. 
~.a z nfl~ ~~ • 

/ . MAR. 3 , 1950 • -
I 

I • I I I I I I I I I I I I I I I 

900 10 00 11 00 12 0 0 130 0 14 0 0 15 00 1600 
TE MPERATUR E OF L EA D BATH , °F 

FIGURE 17-TEMPERATURE CALIBRATION 
F L OW: HYDROGEN= 3.30 x ,o-5 MOLES/SECOND, AIR= 7.85 x ,o-5 MOLES/SECOND. 

~ 
CX> 



~ 
r 

a:: 
0 r 

1300 

12 00 

~ 1100 
a:: 
r 
(f) 

0 
l­
ei 

W IOOO a:: 
::, 
l-
ei 
er 
w 
a. 
::i:: 
w 
r 900 

8 0 0 

750 

' ... 

..... 

~ 

..... 

.... 

~ 

..... 

I.-

.... 

-

..... 

~ 

!/. I-

I 

750 800 

-
-

V ...1 -

.Y V -
... • 

,I. 

[7 y· -
L• 

·" / / 
KEY: V.· / -

-·"' ,,I 
0 HYDROGEN ;?' ~ / 
• A I R • ~<S' / -

/. / .:-
. y• ~v'\)"' / -

• v / / / ,v~ / 4'\)~v V -
_/· ~"' / /;~, 

.,v / / . -
y' / :, . 7 7 

V v~ -
I / / / 0 --
V - 7 /0 -

/ / ~ 0 
/"· V 7 -

/ . o, 

/7 V p7 -
• / ' 0 0 -

/ / FEB . l7, IS!50 ~ 1,J3.J311.1f1 -0 
I I I I /d I I I I I I I I I I 

900 1000 11 0 0 1200 1300 1400 
T EMPERATURE OF L EAD BATH, °F 

1500 1600 $" 

FIGURE 18- TEMPERATURE CA Lr BRATION 
FLOW~ HYDRO-GEN: 4.58 x IC>~ ~OLES/SECOND" AIR= I0.9x l0-5 MOLES/SECOND. 



I J" 
... 

f- I I I I I I I I I I I -

13ooi--~--;-~~---t-~~-t--~~r--~---+~~-t-~~-1-~~+-~---1~~-+~~-+-~~+--~ ,r--+-__,.'--l-~~---+-~~--1-~~ 

1200 I 

LL • 
rE 
0 
I-

I-

KEY: 

0 HYDROGEN 
• AIR 

-

li il<-<,Q' 

" ~' I / 
-

~ 1100 --- I 

~ . ~ . -~ I 
- I 
o I 

\, I : I ' -

-

~ 1000 I ! 
~ ' ~ I 
ct 
er 
w 
a. 

~ ' -
;'.' goo I : , I I I- I I 

-

/"~ I ! 
# , I 

aool I ~ · . 
- FEB.17, 1950 ~ 

750 /• I -

750 800 900 1000 1100 1200 1300 1400 1500 1600 
TEMPERATURE OF LEAD BATH, °F 

FIGURE 19- TEMPERATURE CALIBRATION 
FLOWi HYDROGEN= 6.34 x 105 MOLES/SECOND, AIR= 15.1 x 105 MOLES/SECOND. 

\.T\ 
0 



1300 

u.. 1200 
0 

-er 
0 
I­
::, 
CD -a:: 
1- 1100 
(/) -
0 

,..... 
<X 

wlOOO 
er 
::, ,..... 
<X 
er 
w 
a.. 
~ 

~ 900 

800 

750 

~ 

-
-
,-

~ 
1--

..... 

1--

-
.... 

-

I-
I 

-

/ .... 
I I - . 

V 
. --- -

V V 

~ / / 

KEY: ~ V 
/ 

0 HYDROGEN v~ Vi • AIR . 
/ fv<J 

~-<... 

V ./ ~'v 
~· (J 

,,-, . ~'v / 

d"" V ,, fv 
,.ti ~/ .,• 

~+ o fl'o ·/ o' 
/ 0/ ..... .; ~ 

~ 

' V '"' ./4 
0 

,o 
_{ .,oo --

V 
/o V 

~Ai /} 0 

/. / / 0 - ..- - -- - - - - -

V .;A 
/ 0 

/ • -- -- --- -- - - -- - - -... V . • v~ ,,. 

FEB.18 1950 .-,e. 
I I ! I I 1 I I I I I l I 

- - -
TEMPERATURE OF LEAD BATH, °F 

FIGURE 20- TEMPER~TURE CALIBRATION 
FLOW: HYDROGEN: 7.64 x 16 MOLES/SECOND, AIR= 18.2 x 105 MOLES/SECOND, 

I 
-

I 
-

--
-

-

-

I -

I 
I 

I I -
I 

I -

-

-

.. - -

-

- ·-
-

~;g otLi_ -
I I 

0 
V\ 
j,-J 



1300 

u... 1200 
0 

-a: 
0 
t­
:, 
CD 

~ 1100 
Cl) -
Cl 

t­
<! 

wlOOO 
er 
::, 
..... 
<! 
er 
w 
a. 
:,: 

~ 900 

800 

750 

,_ -

1/ V -- // 
/ V -~ / / 

_ KEY: /~V , / -
o HYDROGEN 7 V~<$' ~ -

_ • AIR / ~~~~~------+1~/i~--+--t---i-----1 L~!---l-~-,---,-~+-----t~-t-~t---~.7/~V~ I V 
~ ~ -

- .l -~<t--~lc;_---!-.,.L_/ +---+-+--+---t-, 
--~~ ""~- / v I -

- ~ ~ . 
. ,7v ol -

,, /o 
- ~ L/0 

·/7 .. ' ~· . 1 -
- .. ~ 0 b 

__ -7 / ~ b 

,.~/ V -
- Jl'6.• - o} 

r / -,_ /. ~· 
- / -

FEB.18, 1950 ..t.lB ?L /JO -=fl.._ -

,- I I I I I I I I I I I I • I I I I I 

750 800 900 1000 1100 1200 1300 1400 1500 1600 
TEMPERATURE OF L EAD BATH, °F 

FIGURE 2.1 - TEMPERATURE CALIBRATION 
FLOW: HYDROGEN= 8.72 x 105 MOLES/SECOND, AIR= 20.8 x I0-5 MOLES/SECOND. 

V\ 
I\) 



1300 

u.1200 
0 

-
ir 
0 
I­
=> 
(I) 

~1100 
If) 

0 

I­
<( 

WIOOO 
ir 
::::> 
I-
<( 

er: 
w 
~ 

~ 

~ 900 

800 

- -
I 

- . V -- vv~--~ 
KEY

. - -· /1 / -_ . / 17 -- -- - -•-
0 HYDROGEN / ·v -

- • AIR /V /,.~~'- / /:.'1~\ /"' -_ /v ~~~~· ~tvr---+--+~-+-____.jl__~ 

111--t--t---+- -+- + - + - _j...LJ:<~~ / -
e /oO - ,;e4,·~ /ti 

~ ~ ~ -
y ,I ~- 0 ~ 0 ·v O o' - ~· / 

~/ ~~ -
'/ _pO - ... r _, O' 

/. / 00 o _ 
,0 /v I, 

- ./·/ / 0 

./ / -
• 0 

~ ./ ., 

. 
c-

a" 
-

-

l I I I 
I 

FEB . 19, 1950 .I'~ J'iu.ll. i c.1._ _ 
I I I I I I I I I I I I 

750750 800 900 1000 1100 1200 1300 1400 1500 1600 
TEMPERATURE OF LEAD BATH, °F 

FIGURE 22- TEMPERATURE CALIBRATION 
FLOW: HYDROGEN= 9.70x I0-5 MOLES/SECOND, AIR= 23-1 x 165 MOLES/SECOND. 

VI. 
w 



Run l 

Air flow - 10~9 x 10-S .mol~s per second. 
H,ydrogen floYi - 4 .. $8 x 10-:;i 1.noles per second .. 
Barometric pressurs - 71!8 Jr'[le of Hg. 

0 
Heated g,J.ses to 1220 F w-ithout, ieni't,ion~ 

Run 2 

-5 Air flow - l0e9 x 10 moles per second~ 
Hydrogen flow - 4.58 x 10-5 moles per second .. 
Barometric pressm.~e - 743 mno of Hg. 

Bath tb.erraocou.ple brolte at. g.:-1s t.;emperat.u.re of 
1230°'.f.' .. No ignition .. 

Run 3 

Air flow ... 10 .. 9 x 10-5 moles per second. 
Hydrogen flm1 - 4.56 x 10-5 moles per second~ 
Barometric pressure - 748 mm. of Hg. 

Time 
Minutes 

0 
o.s 
1 

27 
27.5 
28 
28.5 
29 

Ignited .si.t 28. 75 minutes. 
Bath temperature~ 14Bo0.F'., 
Mixture temperature: lJ.30°1". 

Bath Tm:1pera-ture 
°F 

1230 
1240 
12$3 . . 

1464 
1460 
1472 
1478 
1482 
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TABI"t IX ( Continued) 

Ru:n·4 

-5 Air flow -- 10.9 x 10 rnol~s per second. 
Hydrogen flow - 4.58 x 10-5 moles per second. 
Baromct,ric pressure - 745 mm. of Hg. 

Time 
Minutes 

0 
0.5 
l 

.. 
• 

Ignited at 15.5 minutes. 
Bath temperature: 1400°.F. 
Mixture temperature~ 1255°F. 

Run 5 

1311 
1313 
1316 . . 

1388 
1390 
1394 
1396 
1400 

-5 Air flow - 10.9 x 10 moles per second. 
Hydrogen flow - 4.58 x 10-5 moles per second. 
Barometric prefHmre - 744 mm.. of Hg. 

Time 
Minutes 

0 
0.5 
1 . .. 

0 . 
17 
1'7 .5 
18 
18 • .5 
19 

Ignited at, 19 minutes.
0 Bath temperature; 1450 F. 

Mixture temperature; 1302°F. 

Bath Temperat;ure 
OF 

1294 
1299 
1307 

. . 
1433 
1438 
1442 
1446 
1450 
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TABLE ll (Continued) 

Run 6 
-5 

t:,.ir flow - 15.l x 10 r:wles pe:r second. 
Hydrogen flow - 6.34 x 10-5 moles per second. 
Barometric pressure .... 744 mm. of Hg. 

Time 
Mi:mxtes 

0 
o.s 
1 

. . 
: 

10 
10.$ 
11 
11.5 
12 

Ignited at 12 ruinutes. 0 
Bath temperature~ 14L~3 F. 
~fixture t.einperature i 1309°F .. 

Ru:n 7 

Bath Temperature 
°F' 

1.331 
1.338 
1344 
. . . . 

1420 
1424 
1430 
1436 
1443 

11" 

Air fl011 - 7 .85 x 10-, moles per second. 
Hydrogen flow - 3.30 x 10-5 moles per second. 
Barcrmetrie pressure - 744 Ilfill. of Hg. 

Time 
Minutes 

0 
0,.5 
1 

~ • 
g 

17.5 
18 
18.5 
19 
19.5 

Ignited at 19.4 ~inutes. 
Bath temperature: 1SJ7°P. 
Mixture temperat,ure: 1286°F. 

Bath 'I'empera:'i:.ure 
Op> 

1305 
1309 
1316 

: . . 
~ . 

1508 
1515 
1521 
1531 
1539 

S6 



'l'i\BLE IX {Continued) 

Hun 8 

Air flow - 18.2 x 10~5 noles per second. 
Hydrogen flow - 7.46 x 10-5 moles per second. 
Barometric pressure~ 744 rnm. of Hg. 

Time 
Minutes 

0 
o.s 
1 . . 

9 
9.5 

10 
10.5 
11 

Ignited at 11 minutes. 
Bath temperature: 1415°F. 
lli.iixture t.emperaturei 1284°F. 

Hun 9 

Bath Temperature 
°E' 

1350 
1352 
1354 

. ,. 
1404 
1406 
1408 
1412 
1415 

-5 Air flow - 20.8 x 10 moles per second. 
Hydrogen flepx - 8.72 x 10-5 noles per second. 
Ba.rorilet,ric pressure ... 740 Titl!l. of Hg. 

Ti.me 
Minutes 

0 
0.5 
1 

. .. 
9.$ 

10 
10.5 
11 
11.5 

Ignited &tJ 11.2 minutes. 
Bath temperature; 1L.25°F. 
Mixture temperature: 1298°F. 

1286 
1294 
1307 

: . . 
1412 
l1il6 
1422 
1424 
1426 
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TAilLl~ ll ( Continued) 

Run 10 

Air flow .... 2.3.1 x 10-.5 moles per second. 
tr' 

Hydrogen flow - 9.70 x 10-;, moles per second .. 
Barometric pressure - 740 mm. of Hg. 

Ti.me 
Minut.es 

0 
o,s 
1 
: 

: 
16 
16.5 
17 
17.S 
18 

Ignited at 17.75 minutes. 
Ba.th temperature: 1444°F'. 
Mixture temperature: 1316°Fo 

Bath 'i'e;rrpera.ture 
°Ia' 

1.303 
1307 
1.31.3 

. . 
# 

1433 
1h35 
14.37 
1442 
1446 
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SAMPLE CALCULii'I'IONS 

A. Calculat.ions for mixture temperature calibration line. 

<' -· +_ +. 

) 
~a . ~t..b ~ "ill \ "m na HGp,,, dt ,f- nb MCpb dt : n,;, MCpf'.\ dt + :n,~ MCp,._ dt 

Q, 60° < 60° Q, "'· 60° !J '"' 60° 

Heat capacity dat,a from R.ossini (26) .. 

Ref er t.o )ngure 17. 

- ( ~5 na - 7.85 x 10 moles/second. 

- o-5 I n0 - 3 .. 30 x 1 moles second. 

0 
Reference: Lead b.3.th temper,1tm~e of 1100 F. 

t~, : l000°F'., 

- 8 0 t.b - (13 F • 

First ·t.rial: 

MCpa: 7.23 Btu/mole °F. 

MCPl) =< 6,,98 Btu/mole °Ii',, 

(7.85 X l0-')(7o2J)(l00Q..J'.)()) 7+ (Jo)O X 10-5)(6.98)(81)-60) 

;: ( 7 .85 X 10-5)( 7 .,2J)( ~-60) + (3.,JQ X 10-5)(6.98)( tm-60) 

'tn1-60 = 867 

tra = 9b7°F. 

Second trial with new lliiCp~ 

MCpa = 7.21 Btu/mole °F. 

MCPlJ = 7.00 Bt.u/mole °F~ 

·~n-60 = 888 

~ = 948°f .. 

B. Calculations for induction period. 

A = 2 "1T r 2 

59 



V: dr/dQ 

Q = 2 1T r 2 ctr/dB 

(Q (r2 
Q \ d(+ = 2 1T } r

2 
dr 

0 r 
1 

21T' 3 3 
Q: 3Q (r2-r1) 

r 1 = 000417 feet 

r 2 = 0.3333 feet 

Refer to Table IX, Run 7. 

Ignition temperature: 1746°R. 

Barometric pres~nlI'eg 744 mro. of Hg. 

-~ I Air flows 7.85 x 10"' moles second. 

-5 
Hydroa;en flow: 3.30 x 10 r:1oles/second. 

Tot.al mixture flow: 11.15 x 10-.5 moles/second. 

Q = (11.15 x 10-5)(359) (1746) 760) = O.ll.i . .S cubic feet per second. 
· 92) 7 

g : 2(3 .. lh) (O-JJi":j"J-0 04173) 
J{0.145) • .,,;:) • 

Q = 0.53 seconds. 
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TABLE OF NOl11ENClJl.'fURlt 

A area of hemisphere. 

H enthalpy. 

MCp = mean molal heat capacity. 

n ~ flm1 in moles per second. 

(J volu:m.etric flm,1 rate in 

cubic feet per second. 

r racl:i.us of surface through 

which gas f lmJS • 

r = radius of distributor. 
1 

r radius of cooling grid. 
2 

t temperature, 0 t. 

V velocity in f ee-t per second. 

,~ induction period in seconds. 

Subscript,sg 

a air. 

b hydrogen. 

m = mixture. 
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