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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

USE OF FLAME-IMMERSED BLADES TO IMPROVE COMBUSTION LIMITS AND 

EFFICIENCY OF A 5- INCH DIAMETER) CONNECTED -PIPE) 

RAM-JET COMBUSTOR 

By Donald W· Male 

SUMMARY 

The effects of flame - immersed blades on combustion stability and 
efficiency were determined at various combustor-inlet conditions by 
us ing several geometrical blade arrangements ) two fuels) two fuel-

1 13 
injection systems) and two b l ade temperatures. Flat blades ) 32 by 16 by 

~ inches ) were immersed in the flame zone downstream of a conventional 

V-gutter baffle in a 5-inch-diameter) connected-pipe) r am-jet combustor. 

Specific combustor configurati ons with flame-immersed blades showed 
marked improvement in stability and efficiency . The surface temperature 
of the immersed blades exhibited a second -or der effect on the combustion 
stability and efficiency) thereby i ndicating that the role of the flame ­
immer sed blades was primarily aerodynamic in character rather than 
thermal. Attempts at dupli cating the benefits of flame-immersed blades 
by other means such as by variations in the gutt er dimensions or by 
upstream-air vortex gener a tion were unsuccessful. 

The combustion efficiency of a burner configuration containing 
blades designed to increase mixing of the flame with fresh mixture 
downstream of the V-gutt er flame holder was improved over that of a 
V-gutter alone . In addition) the combustion efficiency of this config­
uration was less sensitive to pr essure than that of a V-gutter flame 
holder alone for the range of pressures investiga ted (0 . 45 to 1 a tm) . 

INTRODUCTION 

In the curr ent efforts to improve ram-jet combustor performance ) 
major emphasis has been placed upon the design of components upstream 
of the flame such as flame holder s ) fuel - injection systems ) and other 
parts of the induction systemj and relatively little has been done in 
the flame region itself. The combustion reactants are p l aced together 
in the combustion chamber) which affords space for r eaction . In the 
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case of baffle - type flame ho l ders no assistance other than the recircu­
lation zone of the flame holder is provided for the combustion r eaction. 
In the case of the can- type combustor, somewhat more control of the 
addition of air or mixture to the burning gases is achieved by means of 
the axially spaced holes, but no aerodynamic control exists within the 
combustion space itself . The main reason for this is that materials 
that can survive in t he combustion atmosphere are not readily available. 
It was feared that the reaction would be s eriously quenched if materials 
were externally cooled . 

Combustion efficiency and stability can be affected by surfaces 
placed in the f l ame zone whi ch are f r equently called "flame-immersed 
surfaces" (refs . 1 to 3). An increase in the limits of combustion in a 
ram- jet combustor resulting from the addition of carbon wedges in the 
flame zone is shown in reference 1 . Oxidation of the carbon limited the 
investigati on to intervals of shor t operational time. 

Improvement in the combusti on stability of a single gutter achieved 
by filling it with ceramic mater ial is briefly reported in reference 2. 
The performance of a 4- by 8 - inch r ectangular ducted ram jet with up to 
12 gutters in tandem is reported in reference 3, page 9. While Inconel 
gutters, which melted duri ng testing, were used in obtaining most of the 
data in r efer ence 3, a newly developed material, molybdenum coated with 
molybdenum disili cide , was found suff i ciently resistant to melting and 
oxidation to be satisfactory as a flame-immersed material; it therefore 
was selected for use i n this investigation . 

This report i ndicates how the combustion stability and the effi­
ciency of a V- gutter flame holder can be affected by immersing flat 
blades in the flame. Several geometri cal arrangements, two fuels (gas ­
oline and isopentane) , two fuel - injection systems, and two blade temper­
atures were used with various combustor-inlet conditions. The tempera ­
ture of the immersed blades was varied to isolate the aerodynamic effect 
of the immer sed blade f r om the combined aerodynamic and thermal effects. 

The investigation was conducted at the NACA Lewis laboratory during 
1952 . 

APPARATUS 

The investigation reported herein was conducted in a 5-inch­
diameter , connected- pipe, ram- jet combus tor supplied with metered com­
bustion air at a pressure of 55 pounds per square inch absolute . The 
combust ion products were discharged to the laboratory exhaust system at 
a pressur e of 2 pounds per square i nch absolute (figs . 1 and 2 ). Sonic 
flow was maintained a t the inlet air control unit shown in figure 1 to 
isolate any large pressure pulses occurring upstream in the supply 
system. The air mass flow was var i ed by moving a sleeve on the air 
control unit t o vary the number of hol es exposed to the air . 
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In order to obtain realistic ram-jet operating conditions} sonic 
flow was maintained with a two -dimensional variable -area exhaust nozzle 
(fig. 2). A metered water spray was introduced at the nozzle exit to 
quench the reaction and to permit determination of combustion efficiency 
by calorimetric methods. 

Clear gasoline or isopentane metered by a rotameter was injected 

124 inches upstream of a V-gutter flame holder li inches wide by 

l~ inches high and was ignited by a momentary hydrogen-oxygen pilot in 

one end of the gutter. 

The fuel injector consisted of two concentric tubes with two rows 
of 0.055-inch holes,drilled 1800 apart,through both tubes. Fuel was 
supplied to the center tube and air to the annulus to atomize the spray. 
The fuel injector was mounted at the inlet of the diffuser perpendicular 
to the stream and oriented so that the fuel sprayed normal to the 
stream (fig. 2). For part of the investigation} a low fuel-injection 
pressure of about 10 pounds per square inch gage was used and, for the 
remainder of the investigation, a high pressure of 45 pounds per square 
inch gage was used. 

Two types of blade were used (fig. 3); uncooled molybdenum blades 
protected from oxidation by a coating of molybdenum disilicide} and 
Inconel blades protected from melting by internal water cooling. Unless 
otherwise specified, the blades were uncooled. A maximum of 12 blades} 

i~ by ~ by ~ inches) were cantilever-mounted in the water-cooled com­

bustor in various arrangements (fig. 4). 

PROCEDURE 

The combustion efficiency was determined by operating the combustor 
at equilibrium at a given condition with the quench water rate adjusted 
so that the temperature of the exhaust gases was 6000 F. Efficiency 
calculations were based on the ratio of the total enthalpy rise over the 
theoretical enthalpy rise possible if all the fuel were completely 
burned. 

Efficiency calculations were made according to the following 
equation: 

11 = 
L( [illw + [ill e + [ill j ) 

(Hc) (fja) 
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where 

~ combustion efficiency 

~ enthalpy rise of water used to ~uench exhaust gases) BtU/lb 

Lille 

Lillj 

original air 

enthalpy rise of exhaust gases) Btu/lb original air 

enthalpy rise of cooling jacket water) BtU/lb original air 

Hc lower heating value of fuel) Btu/lb 

f/a fuel -air ratio 

and where for mixtures richer than stoichiometric: 

where 

(f/a)e 

(f/a)s 

(Lv) 

enthalpy rise of stoichiometric mixture) Btu/lb original air 

actual fuel -air ratio 

stoichiometric fuel - air ratio 

latent heat of vaporization) Btu/lb fuel 

mean heat capacity) Btu/(OF)/lb fuel 

temperature of exhaust gas ) oR 

inlet mixture temperature) oR 

With this method of calculating combustion efficiency) it is not possible 
to attain values of 100 percent at fuel-air ratios in excess of 
stoichiometric . 

Combustion limits were determined by gradually changing the fuel 
rate) or combustion pressure) from a condition of stable burning to a 
condition of no burning) a change which was definite and abrupt in all 
cases. 

RESULTS AND DISCUSSION 

The basic data for combustion limits and efficiencies discussed in 
this section are presented in tables I and II. 
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Combustion Limits 

Configurations I and II . - The combustion limits were determined 
for configurations I and II, illustrated in figures 4 (a) and 4(b). 
Configuration I consists of a V-gutter flame holder a l one and configu­
ration II contains 12 molybdenum blades mounted in line with the V-gutter 
along the combustor axis and with the blade faces perpendicular to the 
axis . The data obtained at a combustor - inlet velocity of 220 feet per 
second and an inlet- mixture temperature of 2000 F with isopentane and 
low-pressure fuel injection ar e shown in figure 5, in which the limits of 
combustion are plotted as functions of inlet pressure expressed in 
atmospheres and fuel concentr ation expressed as e~uivalence r atio , that 
is, the ratio of actual fuel concentration to the stoichiometric fuel 
concentrati on . The presence of the uncooled blades considerably extended 
the operable fuel concentr ation r ange both rich and lean and lowered the 
minimum operating pressure from 0 . 57 to 0 . 35 atmosphere . 

Geometrical variations . - Inasmuch as the data in figure 5 show that 
the combustion limits were improved by the immersed molybdenum blades, 
the limits were also determi ned with the blades for the var ious geomet­
rical configurat ions shown in figures 4 (c) to 4 (f) with isopentane and 
low- pressure fuel injection . 

In configuration III (fig . 4(c)), two -thirds of the blades were 
removed from configuration II so as to leave blades in the first, fourth, 
seventh, and tenth positions . Figure 6(a) compares the limits of this 
configuration with the limits shown in figure 5 and shows that the limits 
lie approximately halfway between those of configurations I and II. 

Configuration IV (fig . 4(d)) is similar to configuration II but has 
the first six blades removed . The data showing combustion limits are 
presented in figure 6(b) (analogous to fig . 6(a)), and they show that 
configuration IV was less effective than configuration II. It is thus 
indicated that the blades have more effect on the stability limit when 
placed nearer the gutter than the exhaust end of the combustor. 

In configuration V (fig . 4(e)), all 12 blades were used as in con­
figuration II except t hat a ll the blades were parallel to the combustor 
axis instead of perpendicular . The data showing combustion limits are 
shown in figure 6(c) and indicate that the parallel configuration was 
less than half as effective as configuration II . This suggests that the 
aerodynamic effect wa s important in stabilizing combustion when the 
blades were perpendicular to the combustor axis . 

In configuration VI , the 12 blades again were used but were turned 
at a 450 angle to the combustor axis with a lternate blades turned in 
opposite directions as illustra ted in figure 4(f) . The results shown in 
figure 6(d) show that the minimum pressure limit was as good as for 
configuration II, but the e~uivalence r atio limits were slightly reduced. 
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I t mi ght be con cluded f r om the foregoing discussion that the combus ­
tion limit was i mproved as the number of blades used was increased up to 
the number tested (12 ) and that the combustion limit was a function of 
the wake patterns of the blades and was poorest when the blades were 
parallel to the combustor axis . 

Fuel type . - Inasmuch as isopentane, used in the foregoing tests, 
has a much h i gher vapor pressure than conventional jet- engine fuels, the 
combustion l i mits of configuration VI were also determined with gasoline. 
The data ar e shown in fi gure 7 along with the data for isopentane. The 
minimum pressure limit was the same for both fue ls , and the lean side of 
the curve was approx imately similar for both fuels ; but the gasoline 
appeared poor er than the isopentane on the rich side, probably because 
the low- pressure fuel injector was used and poor atomization penalized 
the gasoline mixture more severely than the more volatile isopentane. 
The data are interpreted to mean that the reported trends are probably 
not fue l sensitive for petroleum fuels . 

High- and low- pressure fuel injection . - A study of the low-pressure 
fuel- injection system indicated that it did not deliver a completely 
homogeneous mixture to the combustor . A more nearly homogeneous mixture 
was obtained by increasing the atomi zing air and fuel - injection pressure 
to about 45 pounds per square i nch gage . The combustion l imits of the 
V- gutter alone ( configuration I ) and of the in- line. blades ( configura­
tion I I), which are presented for the low- pressure inj ection system 
with isopentane in figure 5 , were determined also for the high-pressure 
fuel - injection system with gasoline and are shown in figure 8 . The data 
show that the high -pressure fuel injection improved the combustion limit 
of the V- gutter alone , but that the combustion limits of configuration II 
stayed virtually as shown in figure 5, indicating that the blades are more 
beneficial with a fuel system that does not give good spatial distribu­
tion than they are with a fuel system that does . 

2- Inch gutter. - The isothermal pressure drop of configuration II 
was about 2 . 9 kinetic heads, which is 1 unit higher than that for the 

l~- inch V- gutter alone . Since increased stability sometimes accompanies 

increased pressure drop , an attempt was made to duplicate the combustion 
limi ts of the flame - i~mer sed blades with a simple V- gutter flame holder 
by employing a wider V- gutter with a higher pressure drop . Consequently , 
the combustion limits of a 2- inch V- gutter with a pressure drop of 2 . 5 

1 
kinectic heads were compared with those of the 12- inch V- gutter used in 

all t he other tests . 

The data presented in figure 9 show that the coniliustion limi ts for 
1 . 

the 2- inch V- gutter were poorer than for the 12- lnch V- gutter . The 
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decrease in stability was probably caused by the increased air velocity 
past the larger baffle. This is in agreement with the stability 
criterion, as reported in reference 4, which indicates that the optimum 
baffle -area blockage, with respect to combustion limits, occurs when 
the ratio of baffle area to gas velocity past the baffle is a maximum. 
According to this criterion, the optimum V-gutter width should be 

approximately l~ inches in a 5-inch-diameter duct. 
2 

Effect of surface temperature. - The combustion limits of config­
ura tion II were determined with the wa ter -cooled Inconel blades in 
order t o separate the effect of hot surface from t he aerodynamic effect, 
and these limits are compared in figure 10 with the data for config­
ur a t ion I and with the data for configuration II with uncoole~ blades. 
It can be seen that, while the limits of the cooled blades were less 
than those of the uncooled blades, the gain produced by the cooled 
blades was more than half that of the uncooled blades . Therefore, i t 
appears that the blades in this position acted principally as aero­
dynamic baffles within the flame zone, and the surface temperature was 
of secondary importance in the stabilization mechanism. It should be 

noted that the closest blade to the V-gutter was 4! inches from it, 
4 

and the surface temperature of any device closer to the V-gutter and 
immersed farther int o the recirculation zone of the V-gutter may be 
of greater importance . The temperature of the uncooled molybdenum 
blades was as high as 22000 F, as indicated by optical pyrometer 
measurements. 

The data show that noncritical materials can be used in a ram-jet 
design to improve performance because they can be cooled without severe 
combustion performance penalties . 

The reproducibility of the combustion-limit data is indicated in 
figure 10 by check data for configuration I obtained on a different 
day. 

Efficiency 

Configurations I and II. - Configurations I and II were used to 
determine if the mere presence of hot incandescent surfaces (up to 
22000 F ) might affect the combustion efficiency . This wa s done at 
three sets of operating conditions as indicated in figure 11. For the 
data in figure ll (b) the hydrogen- oxygen ignition flame was left on in 
order to obtain the data for the V-gutter alone ina smuch as the condi­
tions are below the combustion limits. Isopentane with low-pressure 
fuel injection wa s used . 

CONFIDENTIAL 

-- ------~ 



---_ ... - --

8 CONFIDENTIAL NACA RM E53Bl6 

For all the conditions investigated, the combustion efficiency of 
configuration II was essentially the same as or slightly higher than that 
of configuration I . 

Flame and mixture mixing . - Visual study of the f lame downstream of 
the V- gutter suggested that a more rapid mixing of flame into the fresh 
mixture was needed t o improve combustion effi c i ency . For this purpose 
12 blades were instal led i n the combustion chamber in a manner intended 
to mechanically mix flame with fresh mi xture, yet far enough downstream 
of the V- gutter sO as not to upset the basic stability of t he flame in 
the gutter wake . The arrangement, conf i guration VII, i s shown in f i g-

.ure 4 (g ) . The blades were arranged in three equally spaced rows ; the 
rows were parallel to the stream with four blades to each row i n equall y 
spaced pos i tions , but each blade oc cupied a different station in an 
alt ernat i ng fashion from row to row . Each blade was inclined at an angle 
of a t tack of 450 to the stream, and all blades were turned in the same 
direction so a s to indicate a r i ght- hand threaded system. 

The combust i on efficiency of this configurat i on , shown as a function 
of equivalence ratio in fi gure 12 , was 7 percentage poi nts higher than 
corr esponding data f or a V- gutter alone at an equivalence ratio of 1 and 
14 percentage po i nts higher at an equivalence rat i o of 0 . 8 . The inlet 
conditions wer e pressure , 1 . 33 atmospheres; temper ature, approximately 
2500 F; and velocity, 200 feet per second. I sopentane and low- pressure 
fuel injection were used f or the data in figure 12 . 

Upstream vortex generation . - An attempt to match this increase in 
efficiency by imparting a vortex or swirl to the str eam upstream of the 
baffle was made by installing two vortex generator s 4 inches upstream of 
the baffle, as shown in figure 4 (h), configurat i on VIII. These vortex 
generators were 1 inch wide and 3 inches long and inclined at a 100 angle 
of attack . The i ntended f low pattern was two contrarotating spirals in 
or de r to mix fl ame in the gutter- baffle wake with fresh mixture. The 
eff ic iency of configurat i on VIII i s also sh8wn in figure 12 and was less 
than 30 percent . The explanat ion i s offer ed that the mixing occurred too 
soon , before the f lame immediately behind the baffl e was well established, 
and that mixing served more to quench the flame than to extend its pr opa­
gat i on . This is supported by the fact that the combustion l imits of con­
figuration VIII, as indicated on the efficiency curves by the span of the 
curve , wer e much poor er than those of conf i gurations I and II or VII. 

Wider gutter . - Another attempt to duplicate the increase in effi­
ciency achieved by configuration VI I was made by increasing the baffle 

wiQth from l~ to 2 inches s ince increased pressure drop can sometimes 

increase combustion effic iency . The resultant data with gasoline and the 
high-pressure fuel injector are shown in figure 13 and indicate that this 
change lower ed the combustion eff ic i ency approximately 5 percentage 
points . 
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The conclusion from the data in figures 12 and 13 is that aiding or 
speeding up the mixing process between f lame and fresh mi xture with con­
current increase in over - all r eaction rate is readily accomplishable 
downstream of the flame-holding baffle) but is difficult to achieve 
upstream of the flame region without interfering with the stability. 

Cooled and uncooled blades. - The effect of the mixing blades of 
configuration VII was further investigated by determining the combustion 
efficiency with both cooled and uncooled blades . The data) which are 
presented in figure 14 along with the data for configuration I) were taken 
with gasoline and the high-pressure fuel injector at the following inlet 
conditions: pressure) 1 atmosphere ; velocity) 200 feet per second; tem­
perature) 2000 F. The cooled blades produced approximately SO percent as 
much increase in efficiency as the uncooled blades at an equivalence 
ratio of 1. These data seem to show that the aerodynamic mixing effect 
of the blades on combustion efficiency is great and the surface tempera­
ture effect) while appreciable) i s notably less. 

The significance of the foregoing discussion is that flame - immersed 
surfaces can be used in ram- jet combustor design to increase both combus­
tion limits and efficiency) and also that noncritical materials can be 
assigned to this job since they can be cooled without severe performance 
penalties. 

The improved combustion efficiency of configuration 
uncooled molybdenum blades compared with configuration I 
inlet pressure of 0.67 atmosphere is shown in figure 15. 
conditions were the same as those in figure 14 . 

VII with the 
at a decreased 

The other inlet 

Effect of pressure on efficiency with flame mixing. - The efficiency 
of configuration VII with uncooled molybdenum blades was investigated over 
a range of combustor-inlet pressures from 0 . 45 to 1 atmosphere with gaso­
line and the high-pressure fuel system. The resultant data are shown in 
figure 16. 

The combustion efficiency data of reference 5 obtained for the same 
5-inch-diameter combustor described herein with a V- gutter alone correlate 
with the inlet flow variables of static pressure p) temperature T) and 
velocity V by the empirical parameter pO. 3TV-0 . S The exponents of the 
variables were determined by taking the slope of the straight-line correla­
tion when combustion efficiency is plotted against the variables indivi­
dually on logarithmic coordinates. If the combustion efficiency data for 
configuration VII are cross -plotted from figure 16 at an equivalence ratio 
of 1) the exponent of the pressure coefficient in this empirical parameter 
becomes 0.17 as compared with an exponent of 0.27 obtained from data in 
reference 5 taken with a V- gutter at comparable inlet conditions . Both 
sets of data are shown in figure 17. These data indicate that the combus ­
tion efficiency of configuration VII is less sensitive to inlet pressure 
than that of the V-gutter alone . 
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OPERATI ONAL LIFE OF BLADES 

The operational life of both types of blade was excellent for sev­
eral hllildreds of hours and did not limit the test duration except that at 

1 inlet air pressures above 14 atmospheres the molybdenum blades sometimes 

bent under ram pressure when incandescent. 

SUMMARY OF RESULTS 

The following statements summarize the results obtained from opera­
tion of the 5-inch-diameter) connected-pipe) ram-jet combustor over the 
range of conditions investigated . 

1. Flame - immersed blades improved combustion stability by extending 
the combustion limits) both rich and lean) and by decreasing the minimum 
permissible inlet pressure. 

2. Flame- immersed blades improved combustion efficiency by improving 
the mixing of flame with fresh mixture downstream of a flame-holding 
baffle without upsetting the stability of the flame immediately behind b 

the baffle. 

3. Attempts at increasing the mlxlng of flame with fresh mixture by 
vortex generation upstream of the flame-holding baffle resulted in 
upsetting the combustion stability of the baffle,and lowered the effi­
ciency. 

4. The action of the flame-immersed blades used in this investigation 
on both combustion stability and efficiency was primarily aerodynamic 
inasmuch as the temperature of the blades showed secondary significance. 
Nonrefractory materials) externally cooled) were employed as immersed 
surfaces to improve combustion performance. 

5. A blade configuration which mixed flame and fresh mixture in the 
combustor exhibited less sensitivity of combustion efficiency to inlet 
pressure than was found with a V- gutter flame holder alone. 

6. Increasing the baffle width resulted in poorer combustion limits 
and efficiency . 

Lewis Flight Propulsion Laboratory 
National Advisor y Committee for Aeronautics 

Cleveland) Ohio 
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TABLE I. - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES 5 TO 10 

Figure Run Air Inlet Inlet Inlet Equivalence Blow- out Fuel InJection- Config -
flow , s t atic mixture veloe1 ty, ratiO sys tem uratlon 

Ma , pressure, temper- V, pressure 
Ib/sec P, ature , ft/sec 

atm T, 
DR 

5 and 165 0.7 81 0 . ~77 615 230 . 2 1.159 Rich Isopentane Low II 
6 166 .781 . ~77 615 2~0 . 2 . 821 Lean 

167 . 779 . ~46 615 249 .0 .966 Min . press. 
168 .89~ .47~ 615 209 . 7 .765 Lean 
169 . 89~ . 47~ 615 209 .7 1 . 240 Rich 
170 . 895 .47~ 615 209 . 7 1. 2~1 Rich 
17 2 1.~78 . 73~ 641 217.4 1.~49 Rich 
17~ 1.390 . 733 641 219 . 2 . 680 Lean 
180 1.99 1.0~3 648 225 . 1 . 659 Lean 
186 2 .015 1 . 050 655 226 . 9 1 . ~9~ Rich 
187 . 818 .433 655 22~ . 6 . 784 Lean 
188 . 822 . 433 655 224.7 1.151 Rich 

5 266 1. 200 0.616 643 225 .7 1.265 Rich Isopentane Low I 
267 1. 200 . 616 660 2~1.6 . 901 Lean 
268 1 . 200 . 616 661 2~2 . 0 . 879 Lean 
269 . 990 . 56E 652 205 .4 1.0~8 Min. press. 
270 1.340 . 716 637 214 . 8 1.271 Rich 
271 1.360 .716 665 227.6 . 830 Lean 
274 2.025 1.016 640 229 . 9 1 . ~33 Rich 
275 2 .025 1.016 667 239 .6 .769 Lean 
276 1. 200 .716 645 194 . 8 1.298 Rich 

6 (a) 200 0.817 0.433 609 207 .1 1.109 Rich Isopentane Low III 
201 . 812 . 436 617 206 .9 . 942 Lean 
202 . 812 . 423 613 212 . 1 1.026 Min . 'Press. 
203 1.005 . 536 600 202 . 7 1. 222 Rich 
204 1.005 . 53~ 616 209 .4 . 881 Lean 
205 1.005 . 536 621 209 . 8 . 853 Lean 
206 1.400 . 73~ 622 214 . 2 1 . 269 Rich 
207 1.410 . 736 648 22~ . 7 . 792 Lean 
208 1.427 1 . 27~ 6~9 129.2 1 . 026 Max. pr ess . 

6(b) 131 1.013 0 . 543 644 216.7 0.855 Lean Isopentane Low IV 
136 1.~70 . 696 657 233 . 0 .720 Lean 
139 1.360 .696 637 224.2 1.171 Rich 
145 2 . 054 1.030 6~9 230 .0 1.313 Rich 
146 2 . 054 1.0~0 639 230.0 . 699 Lean 

6 (c) lS9 0 . 91 S 0.4S~ 601 205 . 9 1.141 Ri c h Isopentane Low V 
190 . 936 . 48~ 609 212 .7 .968 Lean 
191 1.001 .5~3 609 208.2 1.194 Ri ch 
19 2 . 992 . 5~~ 624 209.4 .920 Lean 
19~ 1 . 422 . 7~ 3 606 212 . 0 1.289 Rich 
194 1 . 447 . 733 640 227 . 8 .798 Lean 
195 1.970 1.040 651 222.4 .755 Lean 
196 1.973 1.033 623 214 . 6 1.347 Rich 

6 (d ) 209 1.444 0 . 737 599 211 . 7 1 . 313 Ri ch Isopentane Low VI 
and 7 210 1 . 434 . n7 627 220 .0 . 745 Lean 

211 1.224 . 640 610 210 .4 1.289 Rich 
212 1.224 .637 637 220 . 7 . 740 Lean 
213 1 .429 . 737 615 215 . 1 1.321 Rich 
21 lj, 1 .4 29 . 737 64~ 224 . 9 .732 Lean 
215 1.998 1.040 618 214 . 2 1.390 Ri ch 
216 1 . 9 98 1.037 654 227 . 3 . 687 Lean 

~ 232 . 641 . 367 606 190 . 9 1.161 Rich 
241 1.995 1 . 040 66~ 229 . 4 .677 Lean 

CONFIDENTIAL 
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TABLE I - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES 5 TO 10 - Continued 

Figure Run Air Inlet Inlet Inle t Equivalence Blow-out Fuel Injection-- Config-
flow , static mixture velocity , ratio system uratlon 

Ma, pressure, temper- V, pressure 
Ib/sec P, ature , rt/sec 

atm T, 
~ 

7 217 1.416 0.737 605 209 .6 1.214 Rich Gasoline Low VI 
218 1.425 .737 639 222 . 9 . 702 Lean 
219 1.204 .637 616 210 . 0 1.246 Rich 
220 1 . 230 . 637 642 223 . 6 .732 Lean 
221 1.448 . 737 620 219 . 7 1.222 Rich 
222 2 . 015 1.037 625 219 . 0 1 . 225 Rich 
223 2 . 010 1.033 658 230 . 9 .633 Lean 
224 1 . 183 . 633 611 206 .0 1.232 Rich 
225 1 . 182 .633 636 214 . 2 . 762 Lean 
226 .802 . 433 610 203 . 8 1 . 199 Rich 
227 . 819 . 433 611 208 . 4 1.154 Rich 
228 .819 .433 624 212 . 9 .855 Lean 
229 . 640 . 367 591 185.8 1 . 178 Rich 
230 .638 . 367 603 189 . 1 .946 Lean 
231 .643 .330 610 214 . 4 1.061 Rich 

233 .639 .367 620 194 . 7 0 . 908 Lean Isopentane Low VI 
234 .639 . 338 613 209 . 0 1.044 Rich 
235 . 812 .433 618 209 . 0 1 . 216 Rich 
236 .812 .433 634 214 . 4 .867 Lean 
237 . 812 .433 635 214 .8 .847 Lean 
238 1.170 .633 618 206.0 1.297 Rich 
239 1 . 177 . 640 644 213 . 6 . 760 Lean 
240 1.980 1.033 629 217 .5 1.375 Rich 

8 and 457 1.955 1.000 650 229 .2 0 . 741 Lean Gasoline High I 
10 458 1.940 1.000 626 219 . 0 1.36B Rich 

459 1.390 . 700 654 234. 2 .771 Lean 
460 1.365 .700 6.36 223 . 7 1.294 Rich 
461 1 . 150 . 600 655 226 . 4 . 815 Lean 
462 1.190 . 600 632 226.1 1.278 Rich 
463 1.190 . 600 633 226 . 5 1.252 Rich 
464 1.175 .600 656 231.7 .798 Lean 
465 1.000 .500 654 235.9 .816 Lean 
466 1.005 .500 636 230 . 6 1 . 220 Rich 
467 .890 . 450 653 232 . 9 . 866 Lean 
468 .890 . 450 639 227.9 1 . 152 Rich 
469 .890 .450 638 227 . 6 1.180 Rich 
470 .885 .400 649 259 . 0 1.008 Min. press . 

471 0.985 0 . 500 650 231.0 0.711 Lean Gasoline High II 
4 72 .995 . 500 627 225 .1 1.276 RIch 
473 .885 . 450 656 232.7 .724 Lean 
474 . 880 .450 631 222 .6 1.274 Rich 
475 .880 .450 634 223 . 6 1. 254 Lean 
4 77 .760 .400 640 219 .4 1 . 23 3 Rich 
478 .755 .313 655 284 . 7 . 982 Min . press 
479 .760 . 326 663 280.7 .882 Min. press . 
480 . 825 .400 677 251.8 . 742 Lean 
481 .850 . 330 668 310 .4 .873 Min. press . 
482 1.185 .600 683 243.3 . 664 Lean 
483 1.150 .600 649 224.3 1.377 Rich 
484 1.375 . 700 687 243 .4, . 648 Lean 
485 1.360 . 700 652 228 .5 1 . 382 Rich 
486 1.930 1.000 683 237 . 8 .634 Lean ~ 4 87 1.940 1.000 641 224 . 3 1.401 Ri ch 

CONFIDENTIAL 
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TABLE I. - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES 5 TO 10 - Conc luded 

Figure Run Air Inlet 
fl ow , static 

Ma , pressure , 
Ib/sec P, 

atm 

9 and 396 1. 914 1.000 
10 400 1.914 1.000 

401 1 . 425 . 700 
40 2 1 . 425 . 700 
406 1.181 . 600 . 
407 1.180 . 600 
408 1.170 . 600 
409 . 9 75 . 500 
410 . 975 . 500 
411 . 875 . 450 
41 2 . 868 .450 
413 . 770 .400 
414 . 768 .400 
415 . 768 .400 
416 . 765 . 343 
417 . 770 . 358 
418 . 755 .333 
419 . 768 . 350 
420 1 . 608 . 850 
421 1.610 . 850 
422 1.650 . B50 
423 1.655 . 850 

9 5 77 1.185 0.600 
578 1 . 190 . 600 
579 . 985 . 500 
580 . 985 . 500 
581 . 985 . 510 
582 1 . 090 . 550 
583 1 . 090 . 550 
584 1. 720 . 850 
585 1. 720 . 850 
586 1 . 990 1.000 
5B7 1. 995 1.000 
588 1. 965 1.000 

10 424 1. 920 1.000 
425 1. 920 1.000 
426 1.370 . 700 
427 1.365 . 700 
428 1.370 .700 
429 1.350 .700 
430 1.198 . 600 
431 1 . 202 . 600 
432 . 955 . 500 
433 . 950 . 500 
434 . 780 . 393 
43 5 . 780 . 380 
436 1.130 . 600 
437 1.130 . 600 

aV- gutter 2 " wide by 2" high . 
bCooled blades . 

Inlet Inlet Equivalence 
mixture velocity , ratio 
temper - V, 
ature , ft/ sec 

T , 
DR 

670 231.3 0 . 660 
636 219 . 6 1 .398 
670 246 . 0 . 684 
639 234 .6 1.347 
660 234 . 3 . 692 
659 233.7 .717 
628 220 . 9 1.353 
660 232.2 . 726 
635 223 .4 1. 257 
660 231.5 . 767 
638 222 . 0 1 . 241 
639 221.8 1 . 206 
659 228 . 2 . 798 
659 228 . 2 . 803 
652 262 . 1 1.019 
651 252 . 4 1.110 
659 269 . 3 . 954 
664 262 . 8 1 . 014 
659 224. 9 1.394 
693 236 . 7 .652 
693 24 2 . 6 . 652 
683 239 . 9 .6 72 

649 231 . 2 0 . 886 
632 226 . 1 1 . 244 
639 227.0 1.062 
640 227 . 4 1.088 
641 223 .3 1 .074 
648 231 . 6 . 952 
639 228.4 1.173 
675 246 . 3 .7 72 
649 236 . 9 1.316 
675 242 .3 . 760 
647 232 . 8 1.342 
647 229 . 3 1.342 

656 227 . 1 0 . 756 
627 217 . 1 1.380 
630 222.4 1.314 
630 221 . 6 1.324 
651 229.8 . 888 
648 225 .4 .934 
650 234. 1 . 904 
629 227 . 3 1.335 
658 226 .7 . 816 
638 218 . 6 1 . 228 
649 232 . 2 . 999 
649 240 . 2 . 999 
659 223 . 8 . 789 
635 215 . 7 1. 292 

CONFIDENTIAL 
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Blow-out Fuel InJe c ti on- Config-
system uration 

pressure 

Lean Gasoline High I 
Rich 
Le an 
Rich 
Lean 
Lean 
Ri ch 
Lean 
Ri c h 
Lean 
Ri ch 
Ri c h 
Lean 
Lean 

Min . pres s. 
Min. pre s s . 
Min. press. 
Min. press . 

Ri ch 
Lean 
Lean 
Lean 

Lean Gasoline High I
a 

Ri c h 
Lean 
Ri ch 

Min. pres s . 
Lean 
Rich 
Lean 
Ri ch 
Lean 
Ric h 
Rich 

Lean Gasoline High IIb 
Rich 
Ri ch 
Ri c h 
Lean 
Lean 
L ean 
Ri ch 
Lean 
Rich 

Min. press . 
Min . pre ss. 

~ Lean 
Rich 

N 
()l 
......] 

CO 
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TABLE II. - BASIC DATA FOR COMBUSTION EFFICIENCIES SHOWN IN FIGURES 11 TO 16 

Figure Run Air Inlet Inlet Inlet Equivalence Effi - Fuel Injection- Config-
flow , static mixture velocity, ratio c1en cy , system uration 

Ma , pressure , temper- V, T1 pressure 
1b/sec P, ature, ft/sec 

a tm T, 
"R 

ll(a) 59 3.80 2 .003 684 234 .. 0 0 . 769 65.2 Isopentane Low II 
60 3 . 80 2.013 685 233 . 2 . 714 63.8 
61 3 . 80 2 .013 687 234 .0 . 660 61.6 
62 3.79 2 . 010 680 231.2 . 829 69 . 1 
63 3 . 79 2 . 010 677 230 . 2 . 885 70.9 
64 3 . 79 2 . 000 6 74 230.4 . 942 71.2 
65 3 . 79 2.000 672 229 . 6 .997 70.9 
66 3 . 79 2.000 668 228 . 3 1.055 66 . 6 
67 3. 79 2 . 000 666 227 .7 1.108 62 . 8 
68 3.79 1 . 993 681 233 . 6 . 771 67.8 
69 3 . 79 2 . 000 678 231.8 .885 72.2 
70 3.79 2.000 676 231.0 .94 2 73.4 
71 3.79 2 . 000 684 233 . 8 .716 64.6 

72 3 . 85 2 . 000 673 233. 8 0 . 760 62 .1 IBopentane Low I 
73 3.84 2 . 000 670 232.1 .818 65.2 
74 3.84 2 . 000 667 231.1 . 873 69 . 6 
75 3 . 84 1 . 993 663 230 . 5 . 930 70.7 
76 3 . 84 2.010 660 227 . 6 . 985 70 . 4 
77 3 . 84 2 . 010 657 226.5 1.040 66 . 1 
78 3. 84 2.007 655 226.0 1.096 59.3 
79 3.84 2.007 660 228 . 0 .985 70.1 
80 3.84 2.000 664 229 . 9 . 930 70 . 8 
81 3 . 84 2.000 668 231.3 .873 69.8 
82 3 . 84 2 . 000 674 233. 6 . 760 63.9 
83 3 . 84 2 .000 674 233.6 .708 (l) 

11(b) 25 1.060 0 . 520 633 232.7 0 . 777 52.2 Isopentane Low I 
26 1.055 . 516 626 230 . 5 . 896 49.7 
27 1.060 .520 621 228.4 1.005 46.9 
28 1.060 . 520 625 230.0 .950 48.7 
29 1.068 .520 628 232 . 7 . 835 50 . 3 
30 1.068 . 523 619 227 . 9 1.053 42 . 6 
31 1 . 068 . 523 618 227.7 1.110 40.0 

32 1 . 072 0 . 520 614 228 . 3 0.992 47.6 Is opentane Low II 
33 1.058 . 523 614 224 . 1 .950 50 .6 
34 1.070 . 516 617 230.7 . 884 52 . 5 
35 1.067 . 516 619 230 . 7 . 827 54 . 0 
36 1.066 .523 623 229 . 1 . 773 56 . 4 
37 1.069 .520 612 217.1 1.047 42 . 0 
38 1.068 .520 609 226 . 0 1 . 116 38.2 
39 1.068 .520 616 228 . 2 1.052 42.0 
40 1.068 . 520 621 230. 5 . 940 49.1 
41 1.068 . 516 626 233 . 6 .826 52.4 

l1(c) 11 2.020 1.326 728 200.1 0 . 821 76.6 Isopentane Low I 
and 12 12 2.030 1.343 721 196.5 1.018 76 . 7 

13 2 . 005 1.326 710 193 . 5 1.261 5 7. 0 
14 2 . 025 1.330 729 200 . 2 .911 81. 4 
15 2.000 1 . 346 739 198 .1 . 721 79.2 

17 2.020 1.330 718 196.8 0 . 811 77 . 2 Isopentane Low 

I 
II 

18 2 . 026 1.326 711 196. 0 1. 020 75 . 8 
19 2 .009 1 . 333 709 192.8 1.137 69 . 7 
20 2 .000 1.333 723 195.8 .9 25 78 . 9 
21 1 . 990 1.340 737 197 . 4 .719 80 . 6 

~ep::7 22 1.985 1.343 714 190. 4 1.273 57 . 2 

lLean blow- ou t . 
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TABLE II . - BASIC DATA FOR COMBUSTION EFFICIENCIES SHOWN IN FIGURES 11 TO 16 - Continued 

Figure Run 

12 42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

244 
245 
246 
247 
248 
249 
250 

13 and 359 
14 360 

361 
362 
363 
364 
365 

13 589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 

14 345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
381 

382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 

"Rich blow - out . 
bLean blow- out . 

Air Inlet 
fl ow, static 

Ma , pressure , 
Ib/sec P, 

atm 

2 . 065 1.33 6 
2 . 040 1.333 
2 . 025 1.326 
2.020 1.330 
2 . 015 1 .333 
2.010 1 . 333 
2 .010 1.333 
2 . 005 1.340 
2 . 025 1.333 
2 . 025 1 .333 
2 . 025 1.333 
2 . 025 1.340 
2 . 025 1.333 

2 .145 1.333 
2.160 1 . 347 
2 .160 1.357 
2 . 195 1.333 
2 . 180 1.333 
2.185 1.333 
2 .1 85 1 . 333 

1.735 1.000 
1.735 1.000 
1 .725 1.000 
1.735 1.000 
1 . 720 1.000 
1 . 725 1.000 
1 . 730 1.000 

1. 715 1.000 
1 . 710 1.000 
1.715 1.003 
1.720 1.000 
1 . 715 1.000 
1. 715 1.000 
1. 715 1.000 
1 . 715 1.000 
1.720 1.000 
1 .715 1.000 
1 . 715 1.000 
1.725 1.000 
1 . 720 1.000 

1. 660 1.000 
1 . 655 1.000 
1.655 1.000 
1.675 1.000 
1.670 1.000 
1.675 1.000 
1.680 1.000 
1 . 685 1.000 
1 . 690 1.000 
1.680 1.013 
1 . 700 1.013 
1 . 690 1.023 
1 .705 1.023 
1.670 1.000 

1.675 1.000 
1.665 1.000 
1 . 665 1.000 
1 . 665 1.000 
1 . 655 1.000 
1 . 655 1.000 
1.665 1.000 
1.655 1.000 
1.655 1.000 
1.650 1.000 
1.660 1 . 000 
1 . 660 1.000 
1.655 1.000 
1.655 1.000 

Cv-gtttter 2 11 wide by 2" high . 
dCooled blades . 

Inlet 
m1xture 
temper-
ature, 

~ 
700 
699 
696 
711 
721 
730 
737 
728 
725 
111 
128 
740 
74 8 

696 
704 
704 
704 
704 
110 
710 

651 
651 
646 
643 
641 
639 
636 

654 
656 
659 
662 
666 
669 
669 
565 
651 
647 
647 
667 
662 

679 
679 
679 
673 
670 
666 
663 
659 
656 
652 
650 
644 
641 
659 

663 
667 
670 
670 
666 
662 
658 
654 
654 
668 
672 
664 
660 
660 

Inlet Equivalence Effi- Fuel Injection- Config -
ve loei ty, ratio clency , system uration 

V n pressure 
rt/sec 

195.2 1.002 84 . 2 Isopentane Low VII 
193.0 1.121 77 . 3 
191.7 1.238 67.0 
194.8 1.023 82 . 6 
196.5 . 919 89 . 1 
198.5 .815 92.6 
200.5 .711 92.4 
196.6 1.031 83 . 8 
198.6 1.128 75 . 7 
196.4 1.238 64 . 3 
199.4 1.021 84.6 
201 . 8 .815 97.1 
204.9 . 713 95.5 

202 . 1 0 . 863 24 . 3 Isopentane Low VIII 
203.5 .759 26 .5 
202.2 .794 27 . 4 
209 . 1 . 68 1 

i~l 207.6 . 908 
210 .0 . 198 25 . 2 
210 . 0 . 711 (b) 

203 . 9 0 . 774 56 . 0 Gasoline High I 
203.9 . 732 (b) 
201.0 . 864 62 . 9 
201.4 .946 63.9 
198 . 9 1 . 044 64 . 6 
198 . 8 1.127 61.9 
198.5 1.217 51.1 

202.3 1 . 1 8 4 53.5 Gasoline High Ie 
202.3 1.ll6 58.4 
203.2 1.047 60 . 9 
205.5 .976 61.0 
206 . 2 .914 60 . 9 
207.1 .850 59 .6 
207 .1 . 783 (b) 
202 . 9 1.184 55 . 3 
202.1 1. 248 51.5 
200.3 1.318 46.6 
200 . 3 1.353 (a) 
207.7 .939 60 . 2 
205 . 5 1 . 012 61.9 

203 .4 0 . 765 85 .4 Gasoline High VII 
202.8 . 724 83 .8 
202.8 . 697 (b) 
203 . 3 .801 86 .4 \ 

201.8 . 850 86.5 
201 . 2 . 891 86 . 6 
201.0 . 932 86 .4 
200 . 3 . 974 85.6 
199 . 9 1.015 84. 3 
195 . 0 1.069 81 . 7 
196.7 1.100 78.9 
191.9 1.153 72.9 
192 . 7 1.189 69 . 5 
198 . 6 . 89 2 80 .1 

200 .4 0 . 846 82.1 Gasoline H1gh VIld 
200 .3 . 808 82 .7 
201. 4 .763 82 . 3 
201.4 .748 (b) 
199 . 0 . 994 80 . 8 
197 . 8 1.084 77.6 
197 . 7 1.171 70.3 
195.4 1 . 273 61.0 
195.4 1.321 (a) 
199.0 1.040 80 . 0 
201.3 .942 83 . 6 
198.8 1.129 73.0 
197 . 2 1.228 65 . 2 

~ 197.2 1 . 316 (a) 
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TABLE II . - BASIC DATA FOR COMBUSTION EFFICIENCIES SHOWN IN FIGURES 11 TO 16 - Concluded 

Figure Run 

15 and 623 
16 624 

625 
626 
627 
628 
629 
630 
631 

15 366 
367 
368 
369 
370 
371 
372 
373 
374 
375 

16 632 
633 
634 
635 
636 
637 
638 

640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 

652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
66 5 

666 
667 
668 
669 
670 

a Rich blow- out . 
bLean blow- out. 

Air 
,flow , 

Ma , 
Ib/sec 

1 . 145 
1.145 
1.145 
1 . 145 
1.150 
1 .145 
1.145 
1.145 
1.160 

1.125 
1.120 
1.120 
1.120 
1 . 120 
1 .ll0 
1.120 
1 . 120 
1 . 120 
1.120 

1.160 
. 765 
.765 
.760 
. 765 
.760 
.760 

0 . 850 
. 850 
. 850 
. 850 
.850 
. 850 
.850 
. 850 
. 850 
. 850 
.850 
.850 

1. 740 
1.735 
1.735 
1.735 
1.740 
1. 740 
1.740 
1. 740 
1.740 
1. 745 
1.745 
1. 740 
1.740 
1. 740 

1.440 
1.450 
1.440 
1 .430 
1.440 

Inlet Inlet 
static mixture 

pressure , temper-
P, ature, 

atm 5R 
0 . 666 658 

. 666 654 

.666 650 

. 666 650 

.666 655 

.666 658 

. 666 660 

.666 662 

. 666 665 

0 . 666 653 
.666 652 
.666 654 
.666 654 
. 666 647 
.666 644 
.666 641 
. 666 638 
.666 635 
. 666 635 

0 . 666 665 
. 443 653 
.450 653 
.450 652 
.453 653 
.450 656 
.450 656 

0 . 500 656 
.500 654 
.500 651 
. 500 651 
.500 651 
.500 660 
.500 661 
. 500 662 
. 500 663 
. 503 665 
. 503 668 
.500 668 

1 . 000 696 
1.000 691 
1.000 687 
1.000 685 
1.000 682 
1.000 679 
1.000 677 
1.000 672 
1.000 668 
1.000 662 
1.000 662 
1 .000 687 
1 .000 688 
1.000 688 

0.833 682 
.833 676 
.833 672 
.833 668 
.833 664 

I nlet Equivalence Effi - Fuel InJ ection- Config-
veloCity, ratio c1ency , sys tern urat10n 

V, 1) pressure 
ft/sec 

203 . 8 1.048 69.4 Gasoline High VII 
202 . 6 1 . ll0 66 . 7 
201 .4 1.172 62 .0 
201.4 1.240 (a) 
203 . 9 1.044 70.3 
203.8 . 986 74.4 
204 . 6 . 924 7 7 . 2 
205 . 2 . 862 78 . 5 
208 . 9 . 790 78 .4 

198 .7 0.944 58.3 Gasoline High I 
197 .7 . 885 57 . 7 
198 . 3 . 819 53 . 8 
198 . 3 . 777 (b) 
196 . 2 1.008 59 . 3 
193.5 1.081 59.7 
194.4 1.133 57 . 3 
193.5 1.201 53.1 
192.6 1 . 264 49.6 
192 . 6 1 . 339 (a) 

208 . 9 0.734 (b) Gasoline High VII 
203 . 3 1.100 64 .1 
200 . 2 1.149 (a) 
198.8 1.058 65 . 7 
198.9 1.002 66.9 
199.8 . 954 69 . 7 
199.8 . 954 (b) 

201.3 1.078 65.1 Gasoline High VII 
200.5 1 . 118 64.0 
199 . 8 1.162 61.5 
199 . 8 1 . 206 58.6 
199.8 1.245 (a) 
202 . 5 1.078 65 . 9 
202 . 7 1.035 69.1 
203.1 . 990 70.1 
203 .4 .946 71 . 6 
202 . 7 . 902 72.6 
203 . 5 .854 73.2 
204. 8 . 838 (b ) 

218 .6 0.771 79.7 Gasoline High VII 
216 . 2 .819 82 . 2 
215.7 . 860 80 . 8 
214 . 5 . 903 82 . 0 
214 . 0 . 944 81.2 
213 . 2 . 988 79 . 1 
212 .6 1.032 76 .7 
211. 0 1.120 69 . 9 
209.7 1.212 62.0 
208 .3 1.296 53 . 2 
208 .3 1.344 (a) 
215 .6 . 771 81.4 
215 .9 .730 80.8 
215.9 .686 (b) 

212 . 6 0 . 732 77.5 Gasoline High VII 
212 . 3 1.005 76 .3 
209 . 5 1 . 088 71 . !) 
206 . 9 1.174 65 . 2 ~ 207 . 1 1.246 57.2 
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Figure 1 . - Schematic illustra tion of 5 - inch ram- jet combustor setup. 
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Figure 2 . - Five- inch- diameter, connected- pipe, ram- jet combustor. 
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Figure 3 . - Photograph of two types of flame-immersed blade used in 5- inch- diameter 
ram-jet combustor . 
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(a) Configuration I; V-gutter alone. 

(b) Configuration II; 12 b l ades in line and perpendicular to axis . 

(c) Configuration III; blades in positions 1, 4, 7, and 10. 

(d) Configuration IV; blades in positions 7 to 12. 
CD· 2-880 

Figure 4. - Various geometrical configurat ions used in investigat ion. 
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(e) Configuration V; 12 blade s in line and par allel to axis. 

(f) Configuration VI ; 12 bla des turned 450 to axis a nd alterna ting . 

(g) Configuration VII; 12 blades positioned for mixing . 

(h) Configur ation VIII; vor tex genera tors upstream of V- gutter . 

Figure 4 . - Concluded . Various geometrical configurations used in investigation. 
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