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COMBUSTION EFFICIENCY OF HOMOGENEOUS FUEL-AIR MIXTURES IN A
5-INCH RAM-JET-TYPE COMBUSTOR

By Thaine W. Reynolds and Robert D. Ingebo

SUMMARY

Combustion-efficiency data have been obtained for a 5-inch-diameter
combustor employing a straight V-gutter flsme holder and a simple cone
fleme holder. The data obtalned cover a range of inlet static pressures,
temperatures, and velocities for four fuels.

The data have been shown to correlate with the inlet flow varigbles
of static pressure P, temperature T, and velocity V by the empirical

parameter ZE’O'ST/‘VO'8 and also with fuel variations by means of a funda-
mental flame-speed relation.

It has also been shown that the data are in agreement with a mech-
anism based on the concept that the rate of flame propagatlon through the
unburned mixture is a function of the fundamental flame speed.

INTRODUCTION

The combustlion process in a ram-jet engine or other engines requiring
a similar high-speed combustion process may be considered to be a stepwise
process where (1) the liquid fuel is sprayed into the high-velocity
stream, (2) the spray disintegrates into a myriad of drops, (3) the drops
veporize, (4) the fuel mixes with the air stream to form a combustible
mixture, (5) the mixture is ignited, and (6) the flame spreads through
the unburned mixture. An attempt to evaluate the importance of any one
of these steps in controlling the rate of the over-all process is obvi-
ously difficult in a system in which 811 the steps vary simultaneocusly.

It is possible to treat, esnalytically and experimentally, the prepa-
ration of the fuel-air mixture (steps 1 tQ 4) separately from the com-
bustion steps, and to evaluate the effects of variocus conditions of inlet
static pressure, temperature, and velocity on the fuel-air mixture param-
eters.

Also, it 1s possible to investigate the combustion process separately
from the fuel preparation by the use of homogeneous fuel-alr mixtures.



2 'V NACA RM E52I23

Such an experimentally ideallzed system does not{ necessarily represent a

practical ram-jet-type combustor, but will contribute to a better under-

standing of high-speed combustion processes for such an application. In
a practical application, carburetion features can seldom be so simplifiled
as they are herein for study purposes. o

Several Investigations have been carried out on the effect of mixture
peraemeters on the stabllity of flame-holding elements in homogeneous fuel-
air mixtures (references 1 to 3). The object of the present investigation
carried out at the NACA Lewls laboratory was to determine the effect of
inlet static pressure, temperature, velocity, and fuel-air ratio on the
combustion efficlency of a ram-jet-type combustor with homogeneous fuel-
air mixtures.

A second objective was to investigate the effect of flame speed on
the combustion efficiency by the use of different fuels. Thus, this
report 1s concerned malinly with fleame propagation as distinct from flame
stability as reported for similer idealized combustion equipment in ref-
erences 1 to 3.

No attempt was made to design a combustor which would be particularly
efficient under any specified set of operating conditions, but rather two
flame holders were selected which would operate stably over a wide range
of conditions and which would be representative of flame holders in common

use.

This report presents the results of combustlon-efficiency measure-
ments of two flame holders and four fuels over a range of inlet static
pressures, temperatures, veloclties, and fuel-air ratios. A correlation
of the data is presented and a proposed mechanism for the propagation is
discussed. .

SYMBOLS

The following symbols are used in this report:

A  area, 8q £t

af flame area per unit volume of mixture, ft'l

arbitrary constant

[¢]

characteristic diameter, ft

constant

H ®

combustor length, £t

2642
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m mass air flow, lb/sec
P inlet static pressure, atm
Re Reynolds number, dVp/p

inlet mixture temperature, °R

T

Ty inlet temperature before fuel introduction, °r
up fundamental flame speed of fuel-air mixture, £t/sec
v

inlet mixture velocity, ft/sec

1 combustion effiéiency, percent
B viscosity, 1b-ft/sec

o density, 1b/cu ft

o function

Subscripts:

c combustor

£ Tleme

T,z flame, gasoline

u unburned mixture
Superscripts:

&8 exponent

b exponent

APPARATUS AND PROCEDURE

A schematic layout of the combustor and piping used In this investi-
getion 1s shown in figure 1. The combustor was a Jjacketed section of
5-inch standard pipe. The over-all length from the flame holder to. the
exit quench spray location was 36 inches. The flame holder used for most

of the data was a L%—inch wide straight V-gutter of approximately 45°
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included angle and blocked about 38 percent of the combustor cross-
sectional area. Ignition was asccomplished by introducing a hydrogen-
oxygen pllot flame behind the flame holder at elther end. The pilot was
turned off after the burner was ignited. A cone flame holder was used
in part of the investigation; it consisted of a 60° cone with two small
gutters extending to the wall for support and blocked gbout 40 percent
of the combustor cross-sectional area. A variable-area exhaust nozzle,
manually comtrolled, was used to control the burner pressure.

The procedure used to obtaln the test data was to set the mass sir
flow and air temperature at predetermined values. The air temperature
had to be set at about 50° F above the desired inlet mixture temperature
to allow for temperature drop due to vaporization of the fuel. Then,
after the burner was ignlted and the desired fuel flow established, the
inlet static pressure was set by controlling the exhaust-nozzle area.
Quench water was sprayed into the exhaust stream at the exit of the com-
bustor to bring the gas temperature down to about 500° F. The combustion
efficlency was calculated by an enthalpy balance. Spot checks by gas
analysis of the exhaust stream gave combustlion-efficiency measurements
that agreed within 2 percent with the heat-balance calculstions.

With this procedure, data were taken over the followlng range of
combustor inlet conditions: static pressure, 1/2 to 2 atmospheres; mix-
ture temperature, 100° to 300° F; and veloeity, 170 to 300 feet per sec-
ond. - B

RESULTS AND DISCUSSION

A summary of the data on the V-gutter is given in tables I and II.
Plots of the combustlon efficilency against the fuel-air ratio for seversal
of the data conditlions gilven in tebhles I and II are shown in figures 2
and 3. It is evident from these plots that over the range of conditions
studied, for both gasoline and isopentane, the combustion efficiency was
essentially independent of the fuel-air ratio. This effect was unex-
pected inasmuch as most data reported have a peak in the curve of combus-
tion efficiency plotted against fuel-ailr ratio. The data of thies report,
however, are for homogeneous fuel~-air mixtures, cover only a limited
range of fuel-air ratios, and, further, do not have varlations of inlet
conditions with fuel-alr ratio since a varlable-area exit nozzle was
used to maintein constant inlet conditicns. Even so, It might be
expected that the flame would propagate more rapidly through near-
stolchiometric mixtures than it would through leaner or richer mixtures
giving a higher combustion efficiency at near-stoichiometric mixtures.

It 1s the case, however, that even though the inlet velocities may be the
same for two fuel-air ratio conditions, the residence time for the fuel-
air mixture in the combustion chesmber will be less for the higher
temperature-rise condition. The resulting residence-time propagetion-
rate product must be approximately the same for the range of fuel-air
ratlos encountered in this investigation.

2642
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Teble ITT contains a summary of the data plotted in figures 2 and 3
at a fuel-air ratio of about stoichiometric. It was desired to £it these
date to a common correlating equation if possible. It was found that the
combustion efficiency could be expressed as a simple power function of
the inlet parameters in the range of combustion efficiencies covered in
this investigation. Figures 4, 5, and 6, respectlvely, show plots of
combustion efficiency against static pressure, temperature, and velocity
on log-log scale. If an average slope for the lines on each of the
three figures is taken, then the combustion efficiency may be expressed
by the relation o .

n, = CBO+3 T1-0/y0-8

A plot of all the data in table III is shown in figure 7. In this
figure, combustion efficiency is plotted ageinst the empirically derived
perameter gbove. It is evident from this plot that all the combustion-
efficlency data on the 5-inch combustor with the V-gutter flame holder
over the range of conditions covered can be expressed by the equation

.3
OPO T

= 7.
Ty 08

where 1, 1is expressed'in percent, P 1in atmospheres, T 1in degrees

Rankine, and V in feet per second, within an average deviation of less
than 3 percent in combustion efficiency. Although an extension of the
equation would predict 100 percent combustion efficiency at or above some
value of the correlating parameter, the exponents of the parameter do not
apply at efficiencies much higher than those encountered in this experi-
mental work. Hence ean extrepolstion of the parameter would not be Justi-
fiable at higher efficiencies. This point will be discussed later on in
this section. From some datae available in the literature on a similar
system (homogeneous pentane-sir mixtures in a 2-in. burner) (reference 4),
the parameter was shown to correlate when extended at the lower efficiency
range. These data (teble IV) cover a static pressure range of 0.133 to
2.9 atmospheres, or greater than 20 to 1. These data are also shown in
figure 7. The fact that the data fall on a straight line 1s significant;
that this line is the same straight line as for the 5-inch combustor

date 1s. colncidental, since these data were obtained in a different com-
bustor configuration.

To see whether this correlation parameter would apply to another
type of flame holder, combustion-efficiency data were taken over a range
of combustor-inlet conditions with the cone flame holder. These data are
shown in table V and ere plotted in figure 8. Although the combustion
efficiency against fuel-air retio curves are not flat as was the curve
with the V-gutter flame holder, a comparison is made with the previously
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derived parsmeter at the stoichiometric fuel-air condition. These data
are shown in table VI and are plotted in figure 8. The agreement with
. the cone flame holder, although not as good as with the V-gutter flame
holder, 1ls reasonable.

The foregoing results are in accord with a suggested mechanism of
the combustion process based on the fundamentel flame speed of the mix-
ture. An Instantaneous cross-sectionel view of the flame in the com-
bustor is plctured in figure 10. It is supposed that as the flame propa-
gates into the unburned mixture of fuel and alr, turbulence existing in
the combustor causes lisolated volumes of mixture to form. The total
fleme aree 1is increased by the high degree of turbulence, and the flame
. propagates- through these isolated volumes at the fundamental flame speed
of the mixture.

The combustion efficlency msy be expressed as follows:
Pyfslse (1)
1T Ay

The numerator represents the mass of combustible coneumed by the flame
per unit time; the denomlnator represents the mass flowing through the

\'/
combustor per unit time. Since Ap TJA ap AV = AEJnL ap 4L, equa-
O 0

tion (1) can be written in differentisl form as

l
* \J(.)\ dn = puAcv (2)

It can be assumed that the flame area per unit volume of mixture
ap 1s a function of both Reynolds number (which is an index of the

turbulent-flow pattern) and wup/V (which determines the change in flame
area per unit volume as the mixture flows through the combustor); that is,

o =0 (ze, ) (3)

Then, equation (2) may be expressed as
.
Aqup uf)
T}b=]-.c‘—v— QJ‘ €, v" dL (4.)
0

L ] *
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The assumption was made (as found in reference 5) that the dependence
of flame ared on the Reynolds number is

A = o Re® (5)

It should be noted that in reference 5 only diemeter and velocity terms
were varied In obtaining the Reynolds number dependence. Nevertheless,
this Reynolds number dependence is assumed to hold for veriations in
density and viscosity, also in the development following.

The expression is further simplified by essuming that the function,

q?(uf/V) can be expressed in the form (uf/V)b. When this assumption is
applied, equations (4) and (5) become

b b
Ty = ¢ Re® (—u\;f-) L. = K Re? (%) (6)

The Reynolds number can be expressed in terms of the inlet parameters
for this study by the following transformstion:

Re = de/u

But p 1is propcrtional to PT‘l, and in the temperature range Investl-
gated, p 1is proportional to TO‘7; therefore, the Reynolds number varia-

tion is proportiomal to PV/T1'7. Flame velocity for 1lsooctane (assumed
representative as to temperature variation for the gasoline used in this

investigation) has been found to be proportional to ?l-4  in the range
of inlet temperatures under consideration (reference 6). The dependence
of flame speed on pressure is subject to gquestion. A survey of the 1lit-
erature indicates somewhat conflicting results, with up depending on

pressure from small-positive, zero, to small-negative exponents. Since
the dependence 1s uncertain, herein up 1ls assumed Independent of static

pressure. Equation (8) can then be expressed

m o= o ( PV )a <?1.4)b )
- Tl'7 v
Values of & =0.3 and b = 1.1 reduce this expression to

0.3 .03
“b=°£_;'5?18—— (8)
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This parsmeter is essentially identical to the empirlecally derived one.
The exponent a = 0.3 1is close to the value of 0.24 found in refer-
ence 5. -

To further check on the possible valldity of this propagation mecha-
nism and to Investigate the applicability of the flame-speed term, two
additional fuels were investigated which had fundamentsl flame speeds
higher than that for gesoline. These were benzene, wlth wup of about
12 percent greater than gasoline, and propylene oxide, with up of sbout

60 percent greater than gasoline (reference 7).

2642

These two fuels were run at two sets of conditions: P = 2/3 atmos~
phere, T = 200° F, V = 285 feet per second; and P = 2/3 atmosphere,
T = 200° F, V = 185 feet per second. Propylene oxide was 8lso run at an
inlet static pressure of 1/3 atmosphere. The results are shown in
tables VII and VIII and are plotted In figure 11. A comparison of these
fuels with the gasoline curve of figure 7 at an equivalence ratio of 1.0
is shown In filgure 12. On this figure, the P, T, and V parameter for
the benzene and propylene oxide points have been multlplied by the ratios
of the flame speeds raised to the 1.1 power as equation (7) showed to be
required (see tsble IX). Figure 12 indicates thet the performesnce of
these three fuels is correlated by the common line, a fact which lends
support to the assumed combustion mechanism. .

As was mentioned previously, it was not anticlipated that the
straight-1line correlation would hold much beyond the efficiency range of
gbout 80 percent covered in this Investigatlon. This limitation of the
correlation is evident also in the higher efficiency point for the
propylene oxide. A possible explanation for this limitation of the cor-
relation is &s follows: a schematic 1llustration of an instanteneocus
flame zone 1s shown In figure 10. When conditions are such that the
flame is spreading outward toward the wall at such a rate that the outer
flame envelope is epproaching or touching the wall at the downstream end
of the combustor, any change in condltions tending towerd higher com-
bustion efficiencies would not likely cause the same relative effect on
the combustion efficiency as occurs in the lower efficiency renge. As
the flame approaches the wall, the cooling and quenching effect of the
wall comes into play and the mechanism governing propagation and, there-
fore, any correlation of performance deta, are, of course, appreclably
modified. Proof of this is shown by some curves of combustion efficiency
plotted against combustor length presented in reference 8. The general
shapes of the curves are as shown in figure 13(a). The date for these
curves were for a constant-srea exhaust and, hence, any reduction in com-
bustion efficiency es the length was varled caused inlet velocity to
increase and inlet static pressure to decrease. However, 1f these data
are normalized to constant inlet static pressure and veloclty condi- -
tions by means of the parameter derived in the present study, the straight
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line portion of the curve is still obtained although the slope is con-
siderably smsller (£ig. 13(a)). This same sort of behavior is antici-
pated whether the varisble tending to chenge the combustion efficlency
be combustor length, static pressure, tempersture, velocity, or flame
speed. In other words, the combustion efficiency againet combustor
length curve would be expected to chenge with changing conditions as
shown in the curves in figures 13(b)} to 13(e), with the actusl combustor
length T, giving the change of combustion efficierncy with conditions

as would be read from this sequence of curves.

If the conditions are such thet the combustion efficlency for the
given cambustor is gbout 80 percent, and, 1f then one of these conditionms,
for example, flame speed, is increased, the combustion efficiency would
increase but no longer in the same proportion as in the lower efficiency

range (fig. 13(e)).

This sort of behavior is probebly the reason that the combustion
efficiency against Inlet parameter curve decreases repidly in slope
beyond sbout 80-percent efficiency.

CONCLUDING REMARKS

The results obtained in investigations with a 5-inch-dlameter ram-
Jet-type combustor employing two flame holders (a strailght V-gutter and
a cone) and homogerneous fuel-air mixtures of four fuels (gasoline, iso-
pentane, benzene, and propylene oxide) are summarized as follows:

1. The majority of data indicated that the combustion efficilency was
relatively Insensitive to fuel-air ratio over the range of fuel-alr ratilos
investigated.

2. The data obtained with the V-~gutter flame holder using gasoline
and isopentane (which have approximately the same Pundemental flame
speed) were correlated by the egquation

PO.3 T

'f'l-,:J = 7.0 e
V0.8

where P 1is combustor-inilet static pressure in atmospheres, T 1s
cambustor-inlet temperature in degrees Rankine, V 1s combustor-inlet
velocity in feet per second, and 1, 1is combustion efficiency in percent.

3. The data on propylene oxide and benzene were also correlated with
this same equation when it was multiplied by the ratio of the fundsmental
flame speeds of the fuels raised to the 1.1 power. For the fuels tested
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0.3 1.1
- 7.0° T(uf>
le y0-8 ur, g

is the fundamental fleme speed of the reference fuel (gaso-

where u
f,g
line).

4. A mechanism of flame propagation which yields the same parameter
as that empirically derived is explained and has been shown to be con-
sistent with the data as to both variations in inlet conditions of static
pressure, temperature, and velocity, and to variations in fuels.

5. The application of these equatlons is indicated to be limited to
efficiencles not exceeding sbout 80 percent; the reason for this limita-
tion is surmlsed to be a modiflication of flame propagatlion mechanlsm as
the propagating flame approsches the combustor walls.

Lewis Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio :
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TARBLE I - COMBUSTION EFFICIENCY DATA FOR V-OUPTER PLAME HOLDER IN 5~INCH RAM-JET-TYFE COMBUSTOR WITH GASOLINE *

Inlet AMr flow Fuel-air Air tempera- Inlet tem- Inlet Inlet Combustion | Lean Rich
static My ratio - ture before perature denaity velocity efficlency |blow-out | blow-~out
pressure | (1p/sec) /8 fuel T o v My /s t/a
(atm) Ty (°n) (iv/en rr) | (ry/sec) {percent)
{om) -
0.50 1.24 0.0859 681 832 G.0325 274 36.6
50 1.24 0654 681 633 L0324 el 5T.7
.50 1.24 <0604 §81 634 -0323 275 38.3
.50 l.24 .C650 582 636 -032% 275 37.2
.50 1.24 0805 602 ) 836 0522 276 38.6
50 1.24 0568 §82 - €37 0522 ars 38.8 0.0637
.80 1.24 .0628 883 635 0523 274 57.9 0.0883
.50 1.24 0656 €83 852 <0324 274 37.4
.80 1.08 .0800 680 8357 .0522 235 | 46.5
.50 1.06 L0579 8679 . 836 .0322 238 47.5
.50 1.08 0547 €78 834 0524 234 47.0
.50 1.08 0566 678 837 L0322 235 47.2
.50 1.06 .0591 878 834 0323 234 46.7
.50 1.06 .0826 878 | 851 0326 258 45.3
.50 1.06 .0855 678 828 0326 253 43.5 0670
.50 1.086 0577 678 654 03523 235 47.2
.50 1.19 0549 641 804 .0340 a5l 58.1
.50 1.15 .0893 645 604 .033S 245 59.4
50 1.15 .0613 545 §02 <0343 241 40.7
.50 1.19 . 113 &00 03542 248 38.0
.50 1.20 06858 642 597 0346 243 36.3 .0688
50 1.08 0610 857 594 0345 224 42.9
.50 1.08. +0578 835 595 0345 225 ) 0507
.15 1.68 0562 €56 615 04684 243 50.2 .
<15 1.867 0665 658 817 0491 U 47.8
75 1.82 0737 &59 805 0483 235 52.8 0772
.75 1.64 0542 858 €18 0482 244 53.0 0817
.15 1.25 0558 680 &35 o476 189 66.0
-5 1.83 080T 680 636 0471 278 45.7
15 1.81 .Q691 684 651 Q474 274 47.1
75 1.81 .0767 686 828 0479 271 49.4 0780
<75 1.82 .0534 . 686 641 0469 278 £4.8 -
.75 1.83 0483 686 645 0466 26l 46.5 0487
.75 1.668 .0502 756 710 L4419 284 53.1
.76 1.68 0579 756 703 L4k 284 b2.5 0753
.75 1.69 08567 768 897 0427 284 50.2
.75 1.66 0753 780 693 0432 275 52.9 044t
.75 1.68 0480 T4 727 0411 277 55.0
.75 1.45 Q478 768 725 O4ld 58.4 0478
75 1.45 0575 780 7a <0420 247 57.9
2] 1.47 .0861 758 £95 0450 245 56.9 +OTT6
75 1.47 0756 752 685 JO437 241 60.5
W75 1.12 0620 Th7 892 <0430 1a7 68.9 0820 0745
75 1.11 .0751 758 675 04 180 £9.4
75 1.68 0496 776 T29 0408 235 52.3
+18 1.68 0557 778 728 0410 294 55.7
IS 1.68 L0578 77 725 0412 202 58.0
75 1.68 . 776 719 «Odld 291 55.5
.76 1.67 0865 776 716 0418 286 55.8
.75 1.68 Reyec] Khil 713 0413 288 54.3
.76 1.68 0744 778 708 0420 287 53.0 OTTT
.75 1.87 .0768 779 710 0419 52.2
.76 1.68 0711 778 712 .0418 288 51.6
.75 1.68 -0878 779 716 Q416 289 81.0
.75 1.88 0637 780 . 719 O4lée 291 53.0
.75 1.68 L0595 779 722 0412 292 £5.9
.75 1.68 0554 779 725 0418 294 53,1
.15 1.69 0513 779 728 . 8 285 &65.0 0472
.75 1.68 0529 78Q 129 0408 295 52.8
.76 1.68 0498 780 7352 0407 296 55.2
<75 1.88 0576 6789 853 - 0470 287 44.0
! .75 l.88 0865 680 629 L0473 | 285 42.0
I iy i) 1.89 Q755 682 628 0476 284 i6.9
75 1.89 0772 884 625 0476 284 47.8 0783
.78 1.88 0754 688 . 827 JOATS 284 48.4
=T e T s f e R T T o g e W
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TABLE I - COMBUSTION EFFICIENCY DATA FOR V-QUTTER FLAME HOLDEM IN 6~INCH RAM-JET-TYPE COMBUSTOR WITH GASOLINE - Continued

Inlet Alr flow | Fuel-air Alr tempera- Inlet tem- Inlet Inled Combustion | Lean Rich
static =, ratio ture before perature density veloclity | effiolency |blow-out | blow-ocut
Prefsure | (ib/sec) tfe fuel T P v m, t/a t/a
(ata) Ty (°r) (1b/cu £t) [ {(£t/mec) (percent)
(°w)
0.75 1.88 0.0702 687 630 G.0473 285 45.9
.75 1.89 0647 687 635 0489 289 42.3
.75 1.89 -0810 6588 659 <0466 291 43.5
.75 1.89 .0586 688 841 <0465 291 44.8
.75 1.89 -0536 588 Chdk 0462 295 hb.4
75 ' .1.90 .0512 888 645 0481 295 45.9
.75 1.89 0478 888 645 <0459 295 44.1
.75 1l.28 06850 682 851 L0472 191 65.4
.75 1.z268 0716 882 826 20475 180 65.4 0.0752
.75 1.25 s 631 835 o469 192 64.9
.75 1.25 0678 682 630 0473 188 82,1
.75 1.25 LOT22 682 628 04Tk 188 63.7 0734
-75 1.25 +0E03 682 634 .0489 189 61.6
<75 1.57 0584 T00 655 0454 248 52.8
<75 1.57 0566 T00 857 0455 248 54.5
<75 1.57 -0582 702 657 0453 248 55.4
<75 1.57 0587 705 658 0452 249 65.1
.75 1.57 .0584 705 658 0453 248 535.7
.75 1.57 0663 703 653 <0458 247 BC.6
.75 1.57 ~06635 704 653 0456 247 50.4
15 1.57 L0734 704 646 0461 244 E3.5
.75 1.57 07354 704 647 -0480 244 52.0
.75 1.57 .0726 704 847 0466 241 54.1
<75 1.57 0575 707 662 0450 250 52.%
.75 1.57 .0570 707 666 <0437 257 51.9
.75 1.57 .0586 707 662 0447 252 55.9
.75 1.57 05686 107 667 L0438 X4 53.5
1.00 - 1.60 0616 665 61S - 178 75.6
1.00 l.62 .0772 661 538 0863 175 70.9 0.0540 .0800
1.00 1.88 .0570 657 §28 06351 65.1
1.00 1.96 <0866 667 618 0842 219 85.4&
1.00 1.96 .0808 605 0658 214 64.4 0524 0843
1.00 2.58 <0484 659 623 0643 288 47.1
1.00 2.58 .0592 658 614 <0647 286 47.6
1.00 2.56 0684 660 807 +065% 281 46.3 0456
1.00 2.13 .0522 768 712 .0558 274 56.7
1.00 2.14 .0649 760 704 .0565 54.9
1.00 2.14 0779 750 694 0572 268 61.3 0843
1.00 2.14 -.0461 780 719 .0555 277 57.0 0442
1.00 1.75 0642 761 7098 0580 86.5
1.00. 1.78 -.0803 760 702 0584 220 70.5 .0850
1.00 1.75 0516 755 707 0581 224 68.0 -0500
1.00 1.44 0598 757 711 L0558 158 76 .4
1.00 1.45 0642 899 0587 183 74.8 0480 .0690
1.00 1.40 ~OB46 760 Ti0 .0559 180 77.8
1.00 1.83 0682 862 595 0668 175 71.5
1.00 1.64 <0737 652 589 06874 174 72.0
1.00 1.82 0617 661 617 0644 1so 70.3
1.00 l.62 0557 663 616 - 18l 725
1.00 1.61 .0528 665 820 0641 180 71.1 0510 .0785
1.00 1.98 0575 665 625 .0635 224 61.1
1.00 1.s8 0575 665 625 -0835 224 62.1
1.00 2.02 .0508 665 624 0635 228 59.2 0485
1.00 l.98 o631 664 616 -0646 220 61.6
1.00 1.98 0887 611 L0849 218 65.5
1.00 l1.99 0733 664 607 -0863 219 61.6
1.00 1.98 .0788 664 502 .0658 215 64.8
1.00 1.88 0814 €64 588 +0663 214 82.6 . 0828
1.00 2.80 0491 8§57 621 0639 282 42.5
1.00 2.59 05356 6§57 617 -0643 289 .7 f
1.00 2.58 0581 659 514 <0847 286 45.8
1.00 1.57 .0540 668 625 0635 177 4.8
1.00 1.57 0513 588 649 .0812 le4 T1l.4 .0487
1.00 1.69 +0510 864 681 0801 201 §7.8
1.00 1.61 0531 830 646 .0588 182 75.9
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TABLE I - COMBUSTION EFFICIENCY DATA FOR V-GUTTER FLAME HOLDER IN 5~INCH RAM-JET-TYPE COMBUSTOR WITH GASOLINE - Conbtinued

Inlet A1y Tlow | Fuel-air | Air tempera- Inlet tem- Inlet Inlet Combustion | Lean Rich
static ny ratio ture before perature density veloclty elficiency | blok-out | blow-out
pregsure | (1b/sec) £/e fuel T p - v Y I/ t/x
{atm) . : Ty, {oR) {1b/ou £t) | (rt/sec) (percent})
(°r}
1.00 1.68 0.0584 88§ . 643 ¢.0617 194 59.8
1.00 1.62 0617 886 837 .ogjz.g 186 T72.6 0.0480 0.0772
1.00 1.83 0503 6588 -G48 .0 190 70.4
1.00 1.8% 0684 &80 837 0624 187 T0.4
1.00 1.58 ORIx T04 * W5 0815 184 T2.8
1.00 '1.89 0651 570 828 .0832 214 64.2
1.00 1.9 0614 878 .0629 216 59.5
1.00 1.1 <0811 682 .0623 220 57.8
1.00 1.81 0654 686 636 L0823 220 60.4
1.60 1.91 0727 gag BXS .0626 218 6l.4 0495 .0800
1.00 1.92 0508 652 850 0611 275 §1.0
1.00 1.60 0608 685 850 .0BL1 188 70.9
1.00 1.80 . B85 833 . 0521 185 69.2 0772
1.00 1.81 Q500 695 554 .0808 180 67.4 0484
1.00 l.70 -COEDS B3 628 .0632 195 72.8 0515 L0800
1.00 l.4¢ .0579 570 624 0836 162 75.0
1.00 1.61 0607 G55 611 0850 . 178 0.4
1.00 1.64 Q878 &80 8§06 .55 67.8 0784
1.00 1.64 0754 656 598 .UEES 177 69.8 L0787
1.00 1.64 L0517 888 819 Mol.1 58 1as 75.2 0508
1.00 1.968 .0581 680 820 Q64D 222 59.0
1.00 1.99 . 661 616 0648 221 58.0%
1.00 2.00 0684 860 508 Q852 220 57.6
1.00 2.00° 0764 660 505 0859 228 60.5
1.00 2.00 0799 £61 See -.Q863 218 80.5 .G806
1.00 2.00 .0507 621 0638 224 57.1 0500
1.00 2.80 0497 658 521 0639 292 40.9
1.00 2.60 05354 865 614 0646 288 3T.4
1.00 2.80 .0588 8§53 8§09 0682 40.6
1.00 2.6} 0839 851 802 | 0659 284 40 .4 .0485
1.00 1.52 Q751 702 B45 .0618 177 T2.8
1.00 1.53 .0835 T3 856 .0605 181 73.9
1.00 1.50 0558 718 659 Q594 181 75.1 0518
1.00 1.75 .0562 748 699 .0568 218 73.2
1.00 1.72 0546 748 §81 .0875 214 N 70.
1.00 LT85 0723 ™ 646 0579 214 0.7
1.00 1.76 Q750 T84 688 570 227 68.6
1.0 1.77 549 782 715 <555 229 70.8
1.00 1.7 .0B28 762 707 O55T 206 T1l.4
1.Q0 1.77 0708 762 . m .068& 224. 71.8
1.00 1.77 0745 783 693 0568 2% 71.7
1.00 1.78 0794 786 63T <0571 220 71.7 .0810
1.00 1.73 0783 89 or 0566 219 72.5
1.00 1.74 .0718 TI0 705 0566 20 72.1
1.00 I.75 0875 769 T0T 0566 22 72.%
1.00 1.78 -065Y 770 710 0559 226 73.8
1.00 I.7¢ L0552 T89 13 0556 22t 7.5
1.00 1.77 0549 789 7 « 228 5.7
1.00 1.77 0510 789 720 0555 e 3.9
1.00 1.77 L0471 768 122 .0553 b | 70.9 D455
1.00 1.77 0851 768 705 .QSE3 225 70.7
1.00 1.78 0726 ™7 702 0567 225 71.1
1 1.00 1.78 Q757 187 0571 P 72.5
1.00 1.78 078y 167 695 0571 225 69.6 0796
1.00 2.12 OR59 783 738 0538 282 61.5
1.00 . 2.14 L0519 ws . =k 0541 - Bl.7
1.00 2.15 .0581 7895 128 .05&; a83 62.5
1.00 2.18 0637 782 122 . 284 59.4
v 1.00 2.20 0594 781 T15 JO554 285 57.8
i 1.00 2.29 07861 7680 0 0559 281 S7.7
| 1.00 2.20 0783 778 707 .0562 281 57.4
1.00 2.20 0814 778 703 .0S6S 19 - 58.3
1.00 2.20 .Q 77 U5 OSB3 80 58.2 .0821
1.00 2.20 0739 777 707 L0561 201 80.2
1.00 2.20 Q0707 778 709 0660 281 58.0

i
j
s
E
p
|
"

-~
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TABLE I - COMBUSTION EFFICIENCY DATA FOR V-GUTTER FLAME HOLDER IN S~INCE RAM-JRET-TYPE COMBUSTOR WITH GASOLINE - Concluded

Inlet Alr flow Fual-air Alr tempers- Inlet tem- Inlet Inlat Combuation |Lean BRich

static ng ratio fure before perature density velocity | effloiency |blow-outiblow-out
pressure | (1b/nec) t/a fuel T p v ™ t/a t/e
(atm) Ty (°r) (1b/cu rt) | (ft/mec) (percent)
(°r)
1.00 2.20 0.0676 716 712 0.0557 283 59.7
1.00 2.20 0638 776 717 0554 285 6C.9
1.00 2.20 0587 776 720 .Q552 285 62.3
1.00 2.20 0557 776 723 0549 287 61.3
1.00 2.20 JO4LTS T75 728 L0545 289 59.4
1.00 2.20 0448 7786 731 0544 280 58.0 0.0436
1.50 2.52 0496 660 823 0855 189 “72.2
1.50 2.52 0812 685 812 0971 186 76.2
1.50 2.52 .0700 668 605 .0982 184 75.0 0474 0.0717
1.50 2.58 0543 669 g22 -0958 182 76.1
1.50 2.57 0457 666 524 .0855 193 72.1
1.50 2.58 .0581 565 614 0988 191 76.2
1.5Q 2.59 0622 861 608 -.0979 180 77.6
1.50 2.58 .0668 662 §05 .0883 188 74.0 0485 0697
1.50" 2.67 0520 665 825 0852 203 72.8
1.50 2.64 0572 865 621 0968 197 758 0750
1.50 2.64 0631 865 617 0964 1586 Th4 0463
1.50 2.64 -0884 666 812 0873 194 T4.3
1.50 2.83 .0739 866 607 .0981 192 74.3
1.50 2.64 0768 666 604 .0s86 192 4.3
1.50 2.83 0488 E66 827 L0949 158 75.0
1.50 2.25 0498 762 716 .08352 182 82.5 0423 .0538
1.50 2.50 L0500 760 715 .0842 2135 78.8
1.50 2.53 0548 780 708 0852 213 82.6 L0417 .0658
1.50 2.48 06816 158 703 0857 207 77.2
1.50 2.81 .057% 874 629 0967 216 70.3
1.50 2.90 0621 677 8351 .0965 71.6
1.50 2.90 0870 €28 0961 216 70.1
1.50 2.89 0721 681 625 .0978 212 73.8
1.5%0 2.89 0768 683 622 0977 212 72.9
1.50 2.89 0817 6684 617 -0986 210 71.2 0845
1.50 2.92 Nl 6835 617 .0982 213 71.3
1.50 2.9¢ 0756 €80 €18 -0979 215 71.3
1.50 2.95 .0706 677 619 0981 215 1.6
1.50 2.98 .0652 874 621 0973 219 69.1
1.50 2.97 - &70 &22 0975 218 70.7
1.50 2.99 .0557 669 8§24 .0964 222 69.3
1.50 2.99 .0511 868 827 .0860 225 68.9 0475
1.50 2.97 0581 £68 623 .0970 219 71.0
1.50 2.93 0884 674 621 0970 216 §8.9
1.50 2.92 0761 676 815 -0985 13 71.0
1.50 3.87 0492 670 633 0941 235 46.4
1.50 5.87 0517 870 632 .0951 292 48.2
1.50 35.87 .0538 870 630 0955 290 49.7
1.50 3.87 .0467 872 635 0948 292 48.2 0525
1.50 3.87 0449 672 637 0945 293 48.0
1.80 5.87 0458 873 656 0946 293 . 49.2
1.50 35.87 0477 873 835 03946 293 48.9
1.50 5.87 .04895 574 635 0948 232 49.9
1.50 3.87 L0513 674 634 .0949 292 5C.4
1.50 3.84 L0517 665 827 0960 287 47.9
1.50 3.87 .0488 666 829 <0857 280 47.2
1.50 35.87 0456 887 833 +0951 292 47.8
1.50 3.87 0477 689 632 -Qa54 291 48.5
1.80 3.87 .0485 5670 631 .0954 291 48.9
1.50 3.87 .Q 1 0954 2381 5.0
2.00 5.48 0479 687 646 .1225 77.4
2.00 3.48 0518 689 644 .1253 202 82.3
2.00 348 0559 689 644 1233 202 a2.8
2.00 5.48 .0559 681 648 -1215 205 75.0
2.00 3.51 0504 682 640 1236 192 78.7
2.00 3.29 .0528 685 641 1238 190 80.5
2.00 3.298 0548 685 641 .1238 190 81.2
2.00 3.29 .057Q 689 642 12354 191 83.1
2.00 3.29 .0587 889 842 .1227 1s2 8l.1
2.00 5.29 .0485 630 650 1222 183 768.0
2.00 3.29 -C484 692 652 1218 194 T4.S 0447
2.00 £.13 0471 5675 838 <1244 238 €l.7
2.00 4.13 .0541 674 €33 <1254 236 67.1
2.00 4.13 .0558 873 631 .1258 235 68.6
2.00 4.15 0572 670 628 <1264 235 87.4
2.00 4£.15 .058% 871 627 .1265 235 69.8
2.00 4.15 0602 671 625 .1269 254 0.0
2.00 R T 0821 671 624 .1272 233 70.0
2.00 4.14 0641 . 872 620 <1281 232 69.8
2.00 4.14 0664 &72 620 .1280 232 70.6
2.00 4.14 0671 672 820 1281 232 68.7

S NACA
WS
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TABLE II - COMBUSTION EFFICIENCY DATA FOR V-GUTTER FLAME HOLDER TN S5-INCE RAM-JET-TYPE

COMBUSTOR WITH ISOPENTARE . ‘t::igégzg:sj'

Inlet Air flow |Fuel-air | Alr tempera- | Inlet tem- Inlet Inlet | Combustion
static m, ratio ture before | perature- densgity | velocity | efficiency
Pressure | (1, /cec) t/a fuel : T p v
P (°r) (/cu £t) | (£t/sec) | (percent)
(atm) (°R)
1.00 2.32 0.0571 538 508 0.0781 213 48.2
1.00 2.31 0620 538 506 . .0784 211 44.7
1.00 2.31 .0672 538 N 505 .0786 211 45.9
1.00 2.70 .0618 538 508 ) .0785 247 36.4
1.00 2.15 0544 592 559 .0710 217 52.4
1.00 2.14 .0580 595 558 .0711 216 53.3
1.00 2.13 .0629 598 559 © 0710 215 53.2
1.00 2.13 0650 60Q 560 .0708 218 52.1
1.00 2.12 .0710 603 557 .0712 213 53.6
1.00 2.20 . .0551 598 : 564 0703 224 51.5
1.00 2.17 .0598 | 599 581 .0707 220 52.4
1.00 2.14 0672 602 560 .Q708 218 50.5
1.00 2.12 .0733 608 558 . .0710 214 55.2
1.00 2.55 .0528 8607 572 .0B94 263 42.5
1.00 2.55 - .0565 607 571 .0895 263 40.8
1.00 2.56 ~.0592 - 608 570 . . 0897 263 40.5
1.00 2.56 “.0829 ‘608 567 .0T00 262 41.2
1.00 2.55 7 .0598 608 870 .0697 262 41.8
1.00 2.55 0542 608 574 0692 264 41.0
1.00 1.69 .0547 683 642 .0618 196 87.8
1.00 1.69 .0586 684 840 .0620 195 69.5
1.00 1.8 .| . .0830 685 637 .Q823 193 66.9
1.00 1.8 .0673 688 835 .0625 193 66.3
1.00 1.88 0714 688 832 i .0628 192 68.2
1.00 1.68 . .0755 689 831 .0629 191 68,7
1.00 1.68 - .0558 690 . 648 .0613 186 69.3
1.00 1.68 .0510 692 651 .060% 188 68.6
1.00 1.68 0541 693 850 1 . .o81l 187 70.9
1.00 1.68 0606 694 646 .0615 198 69.9
1.00 1.69 .0651 694 643 L0617 186 67.6
1.00 1.68 .0722 694 639 .0621 194 68.7
1.00 1.68 .0573 696 . . 650 0610 187 70.3
s = B L T G e
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TABIE III - SUMMARY OF COMBUSTION EFFICIENCY DATA FOR V-GUTTER Fi.AME' HOLDER IN S5-INCH RAM-JET-TYFB

COMBUSTOR WITH GASOLINE AND ISOPENTANE

Fuel Inlet static | Inlet tem~ | Inlet Combustion | Celculated | Calculated | Difference
pressure perature velocity |efficlency | perameter n= calculated n
P T v 0.3 p0-3 g | minus
z 7.0 observed
(atm) (°R) (£t/sec) | (percent) | 0.8 . yo-8 1
Ge.soline 0.50 635 275 38.5 5.75 40.2 1.7
.50 635 235 46.5 6.53 45.7 -.8
.50 600 245 38.0 5.95 41.65 3.6
.50 635 225 43.0 6.78 47.5 4.5
.75 615 245 50.0 6.88 48.2 -~1.8
Gasoline .75 630 180 64.0 8.70 60.9 =3.1
.75 835 280 44.2 6.43 45.0 -.8
.75 700 284 52.0 6.98 4£8.9 . -3.1
.75 720 290 53.4 7.06 49.4 -4.0
.75 700 245 59.0 7.82 54.7 -4.3
Gasoline .75 660 185 69.7 8.60 67.2 -2.5
.75 €55 250 53.0 7.24 50.7 -2.3
1.00 620 175 71.8 10.00 70.0 -1.8
1.00 620 220 61.0 8.31 58.2 -2.8
1.00 620 285 43.0 6.74 47.2 4.2
Gesoline 1.00 720 265 59.3 7.82 54.7 4.6
1.00 700 220 71.2 9.38 65.7 -5.5
1.00 705 183 76.0 10.92 76.4 A
1.00 645 180 70.0 9.71 €8.0 -2.0
1.50 €15 195 74.5 10.22 71.5 -3.0
Gesoline 1.50 620 215 70.7 11.00 77.0 6.3
1.50 635 292 48.5 7.65 ° 53.4 4.9
1.50 710 205 80.0 13.40 79.8 -2 -
2.00 645 202 79.0 .27 78.9 -1
2.00 642 192 82.0 11.80 82.6 .6
2.00 625 235 70.0 9.74 68.2 -3.8
Isopentane 1.00 . 505 211 47.5 7.01 49.1 1.8
1.00 5086 247 .36.4 6.14 43.0 6.6
1.00 560 215 53.0 7.58 53.1 Al
1.00 570 263 41.4 6.59 46.1 4.7
1.00 640 195 69.0 9.41 65.9 -3.1

TABLE IV - COMBUSTION EFFICIENCY DATA FOR CONE FLAME HOLDER IN 2-INCE

RAM-JET-TYPE COMBUSTOR WITH PENTARE (FROM REFERENCE 4)

Combustion

Inlet static Inlet temper- Inlet Celculated
pressure ature velocity efficiency parareter
P T v b -3
(atm) (°Rr) (£t/sec) (percent) v0.8
0.133 610 339 20 3.14
.20 610 339 21.4 3.55"
.267 610 327 26 4.02
3735 610 291 32 S5.15
.5186 610 278 . 40 5.56
.667 610 266 435.4 5.88
2.9 610 254 78 8.8¢
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TABLE V - COMBUSTION BFFICIENCY DATA FOR CONE FLAME HOLDER IN S-INCH RAM-JET-TYPE COMERUSTOR

WITH GASOLINE AND ISOPENTANE

NACA RM ES2I23

Puel Inlet statio| Inlet tem- | Inlet . Fuel-air | Cambustion | Lesn Rich
pressure perature veloeily| ratio efficiency | blow-out jblow-out)
P T v £/a £/a £/a
{atn) (°R) (rt/nec) " | (percent)
Gasoline 0.97 665 203 0.0598 75.9
.00 887 199 .0558 8a.4
1.00 8§7¢ 199 .0527 82.7
1.00 673 201 0495 835.7 0.0482
1.00 §67 198 Rel-lea] 78.6
Gasoline 1.00 668 198 0830 77.7
1.060 663 198 06535 75.6
1.00 880 197 0689 T4.5 0.0758
.75 875 253 0548 89.8
.78 671 251 .0589 69.9
Gasoline .78 669 . 281 0536 68.4
- .78 667 248 . 67.0
.78 665 257 .0872 65.4 .0852 .0685
.75 871 ~ 2pz2 0811 77.5
15 &71 202 .0861 T9.4 .0554
Gapoline «T5 668 201 0587 78.6 .
.75 ~ 664 200 .0640 5.7
.75 * B8O 199 0680 3.4 .0729
1.00 670 245 .05886 68 .4
1.00 866 241 .0812 68.5 ‘.
Gasoline 1.08 662 56 0633 68.8
1.0 658 254 .0862 67.6 0772
1.Q00 664 . 248 .0565 68.4
1.Q00 665 252 .0525 69.5 | 0482
1.25 863 174 0810 86.0
Gasoline 1.25 8§60 175 0642 835.4
1.25. 857 - 171 .0668 8l.0
1.25 656 171 .0693 8l.1
1.26 654 170 0730 80.1 .0815
1.25 656 174 .0578 88.9
Gasoline l.25 870 175 .0S51 90.1 .0L7S
1.00 765 203 .0684 7.5
1.00 765 205 .0591 86.0
1.00 7687 205 0575 87.4
.00 T69 208 .0556 88.0
Gasoline 1.00 772 206 .0537 89.3
1.00 73 207 .0518 89.9
1.00 776 209 0479 88.6 -O4d2
1.00 765 208 0619 82.7
1.00 758 208 .0657 80.1
Gasoline 1.00 154 205 .0693 18.9
1.00 751 204 0728 79.2
1.00 749 204 -0783 78.8 0800
.75 768 253 .0589 78.1
TS 770 251 .Q527 7.9 .0488
Gasoline .75 767 252 .0801 75.9
.75 761 248 0651 T2.4
.75 758 250 0679 T1.1
il 755 247 .0723 71.8 .0740
75 750 178 .0707 8s.7
QGazoline ] 750 178 .0B860 83.9
.75 762 180 -08C3 89.8
«T5 T54 191 .05¢7 ‘81.8 0521
.15 785 17§ .0780 81.2 .0792
50 758 260 <0654 63.3
Gasoline .50 738 287 .0598 89.1
.50 T41l 258 .0545 7.0
«5C 727 253 L0707 64.7 0715
. 50 715 171 LOBTE 80.5
«50 700 171 Neyps 80.1
Gasoline .50 7Q8 . A7 .0626 78.5
.50 670 251 .QBQ7 6l.5
.50 6686 254 .g583° 60.2
.80 670 257 0517 58.4
.50 €58 a52 0831 59.2
.50 654 250 .0687 55.9
Isopentane 1.00 574 19% .08g91 53.8
1.00 872 181 Q722 67.4 \
1.00 589 18l Q750 68 .4 : 0790
1.00. 574 19% .0B60 63.5 g
1.00 576 194 0630 §5.7 0830
1.00 577 192 | .0887 65.9
1.00 576 ig2 .0B63 €64.2

a

{
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TAELE VI - SUMMARY UF COMBOSYION EFFICIEECY DATA FOR COME FLAME
AN IN S5-TACH RAN-JEY-TIPE COMELSTCR AT SYCICRIOMRTRIC

mmmmmammrmw

Foal Inlet tam- Cosihustion
rtlrt:lu parature w.'l.ouit.y efficianoy

reasure T ¥ LS 0.5 ¢

“;) {om) (tt{lm) {pernant) VU'E

Gasoline 0.50 882 885 60.0 8.40

.50 ot 171 15,5 9.42

50 T34 A58 88.5 7.0

L8 2as 200 4.3 A.78

TR 689 46 88,0 T.%

] 748 180 8.5 Il

78 82 280 4.0 &.48 |

1.00 884 Bz 89.0 8.80

1.00 58 300 9.1 9,87

1.00 . T8L 204 £5.0 10,71,

1.88 688 175 81.0 11,58

Isopentane] 1.00 574 198 &40 8,80

mm-mmmmmvmmmnsmmmm COMRUSTOR WITH PERZENE

Inlat Aty £10w | Foal-eir [ Alr tempere- | Inlet te- Inlst Inlat Cocbustion |Lean Mah Wuivelanan
siatin LR Tatio turs before | perwinoe demaity | valoaity | sfficiency (blog | blow-out | mtio
prosrurs | (o3 nne) i el T o v T t/n i

..f. % (*m) | (m/en rt)) (2t/s00) | (percent)

(wtam) {®%) )

0.09 1.0% 9.0818 781 870 0.0411 185 g8.8 0.5,
& 1.056 0877 783 [ o] 184 70.8 Nl ,
58 . .08 ] 725 850 ) h1:13 88.7 ., 990
-] L.03 L0810 85 883 <020 1 .5 1.01%
.68 1.08 0078 728 848 JO4ee 178 T7.4 1.180
.89 .06 0857 83 b 0425 1 78.5 L.243
.60 1.08 0398 725 ] 0431 176 .5 1,330
L9 1.08 1041 - -— w——— - —— | 0.1081 1,410
.89 1.08 0812 T’y 668 »0e12 166 87.4 012
.89 .08 0562 - - - ——— ——— 0.0562 ]
.68 1.0 0578 7208 680 D405 284 47.7 B
. 1.60 0818 kol 875 0408 L] 48,0 18
68 1.8 0681 ™ &1 o407 281 0.8 078
-] 1.58 0712 750 687 <0410 78 1.8 03
) 1.58 078%0 ™ (] 043 F14) 5.5 .
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TABLE VIIT ~ COMBUSTION XFFICIENCY DATA FOR V-GUTTER FLAME HOLDFR I¥ 5-INGH RAM~JET-TYPE COMBUSTOR

WITE PROPYLENE OXIIE

Coambuation

Inlet Mr flow|Fuel-air|ain tempera-|Inlet tem- Inlet Inlet- Lean Rlon . |BEquive~-

atatia g, ratlo ture before |parature density jveloclty|efficiency bla;—out hlu;-uut lenge

pressurs /e fual p h'S /e t/e ratio
P (1v/8e0) | £/ By (gn {1b/ou ft)|(£5/ne0) o

(atm) (°R)

0.88 1.05 | 0.090% 869 BOS 0.0446 i6a 0.857
.88 1.05 L1203 690 579 0488 180 1.148
.68 1.07 L7l 690 556 0488 158 1.400
.58 1.07 .1881 — -— m—— — 0.1881 | 1.500
.88 1.08 <1048 1 698 605 .0450 168 1.000
.68 1.05° 1348 | 697 57% 4T3 159 . 1.280
.68 1,06 .1621 ; 8a7 550 048], 153 1.450
.€a 1.58 |- 0882 - 112 643 0428 287 .850
.5B 1,58 L0762 715 ass 427 264 735
.68 1.58 .0839 4 717 | asy 0430 263 4 799

k|
.80 1.60 0205 718 626 04358 263 .881
73 [ L83 .odse | 790 { 820 470 | 248 . 922
7T 1.60 1053 720 616 <0497 250 ! 1.012
.78 1.59 JL1AT 720 807 .0510 233 | 1.090
.78 1.59 1204 7e% g02 | . 220 1.148
.79 1.61 |. .1%a9 782 j Bas p3s6 | 216 1 1.320
.79 1.61 .0639 e, B 0.0839 530
.33 .79 0814 699 €15 .0R1E 283 .870
35 .81 .0832 " 888 814 .0215 268 p . 793
33 BG OTTA ] 697 B18 .0214 287 | 3 ] JI57
.33 .80 1 .oms! —— — —— e { .0715 580
.33 .80 { .ogss 697 805 L0219 262 . 919
.33 .79 1044 €95 | 58s JGa2a o 256 ; : | 1.000
.38 .19 1108 - ed | 581 .0224 252 3] 7 1.052
.53 .79 174, 695 )} 58% 0227 245 ; 'I J1.20
33 ) L1 | aad 63 | 579 0228 1 347 y ; (T
-+ 2 S I I BT Y, 692 i 51 ,02% M5 i ] 1.245 *
35 13 || .dses —_— 1 e — e 1 .1Bas | {1.480 .

TAHIH—WOFOO)EBHONBFFIGEHC!MTANEVWMEOIMJ]

5-INCH RAM-JET-TYPE COMBUSTUR WITH BENZENE AND FROPYLENE OXIDE
' AT EQUIVALRNCE RATIO OF 1.0

Fuel Inlet Inlet tem~ | Inlat Combust:ion

static parature velooity | efficiendy P 5
pregsura ZR v o 203 p|p03 pn fup
(u.;n) (“r) (£t/mec) (parcent) | VOB { v0.8 U,
Benxaene 0.69 865 182 73 8.27 10,20
-EP 65% 280 ) 6.54 7.38
Propylene .E8 e0% 188 B81.5 8.80 14.80
oxide .y 620 250 75 6.80 11.30
53 800 280 86 5.03 B.58

e
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Inlet heated
and wotered air

l

12" Diem.

B8" Diam.

Alr temperature
bafore fuel

Bilenrcer

Cone

Oboervation window

2642

To exhausters

temparature
roke

Water quench
apray bara

Variable-area

120"

Figure 1. - Schematic lllustration of 5-inch ram-jet-type combustor setup apnd flsme holders used.
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Combustion efficiency, percent

.. NACA RM ES52123

Inlet Inlet
tempersture velocity
(°Rr) (£t/sec) A
O 628-~637 233-235
50 O LH94.595 224-225 -
& 632-637 274-276
O'—o"@‘o.‘D\
\n
E _\n
40 o]
30 :
(a) Inlet static pressure, 0.5 atmosphere.
1 T i
Inlet Inlet
temperature velocity
— - (°R) (£t/sec)
O 626-635 189-191
T0 0 625-645 271-295
&  647-667 241-257
o o o
q o=
o o
60
oS <
50 _ Aot o
p—1f
o o D/,,FP’
ﬁ —_,
R NACA
40 : 1 A
.04 <05 .06 07

Fuel-air ratio

.08

(b) Inlet. static pressure, 0.75 atmosphere; inlet temperature,
625°-667° R.

Figure 2. - Combustion efficiency detse for V-gutter flame holder
in 5-inch ram-jet-type cambustor with gasoline for five inlet

presauree with varylng veloclties and temperatures.
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NACA RM E52123 ] 23
8 L T 1
Inlet Inlet
temperature veloclt
I (°r) (ft/secX
O 709-732 284-296 | _ il
0t 675-692 180-187 T £
> 685-723 241-251
<&
a o o
A~ O hdl O .
O
LS Aq © O 0] o
5 50
g {(c) Inlet static pressure, 0.75 atmosphere; inlet temperature,
@ 8759-7320 R.
2 80
>
Q
S:'. el
-2 J
3 | o o O O8 ~ 0.
& 70 500 co o o
o o}
o
7 = 0
a oo O
= —JD —3 1 iy
2 60 T ]
E O I
() ) od 0
50
<&
ol I Z <&
Y4
5) D e Inlet Inlet
40 M temperature veloclity
'S Sr (ft/éec¥
O 590-620 175-193 7
RAG O 599-650 214-228
30 , 602-625  284-292
.04 .05 Nel: .07 .08 .08
Fuel-alr ratio
(d) Inlet static pressure, 1.0 atmgsphere; inlet temperature,
590°-650° R.
Figure 2. - Continued. Combustion efficlency data for V-gutter

flame holder in S-inch ram-Jet-type combustor with gasoline for
five inlet pressures wlth varying velocities and temperatures.
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Combustion efficlency, percent

Fuel-air ratio

O NACA RM E52I23
7 Inlet’ Inlet
temperature velocity
8ol . (°R) (£t/sec)
(o] T03-738 277-290
o n} 686-722L 214-229
a [u} [n]
o m
ja]
[o] O o % o
.60 O g W (o] -
) o o° o
50 — —— - —
(e) Inlet static pressure, 1.0 atmosphere; inlet temperature, 688°-738° R.
80 :
[o]
o, @ |o
— 00— ——0
o o
70 - -
04 <05 .06 Nexj .08 .09

(£) Inlet static pressure, 1.5 atmospheres; inlet velocity, 188-201 feet per
second; inlet temperature, 605°-5627° R.

Figure 2. ~ Continued. Combustion efficiency data for V-gutter flame holder
in 5-inch ram-Jet-type combustor with gasoline for five inlet pressures

with varylng velocitles and temperatures.
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NACA RM E52I123

Combustion efficlency, percent

S 25
80
° [»]
70 nn 9_9_ - O e (e 0]
(¢] O o
(o}
60
Inlet Inlet
temperature veloclty
50 B N (°R) (£t/sec)
e 5 H o  615-631 210-223
=] 627-637 287 -295
40
(g) Inlet static pressure, 1.5 atmospheres; inlet velocity,
210-295 feet per second.
S0
o Inlet Inlet
temperature velocity
"0
80 o/o/‘ (°R) (£1/sec)
6] 682-892 193-205
o 620-638 232-238
]
70 1= 3 =]
/ D
E//
80 1
.04 .05 .06 07 .08 08

Fuel-air ratio

(h) Inlet static pressure, 2.0 atmospheres.

Figure 2. - Concluded.

in 5-inch ram-jet-type combustor with gasoline for five inlet pressures

Combustion efficiency data for V-gutter flame holder

with varying velocitles and temperatures.
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Combustion efficlency, percent

NACA RM ES52I23

) LI T
Inlet Inlet
temperature velocity
80 (°r) (£t/sec)
o) 550-564 213-224
o 567-574 282 -264
< B831-850 191-198
70 e
© N S
© o
80
O
0 o [o]
} L)
50 o
o ﬁq‘nﬁn-pa
40 u in] ]
.05 06 .07 .08

Fuel-alr ratio

Figure 3. - Combustion efficiency data for V-gutter
fleme holder in 5-inch ram-Jjet-type combustor with

isopentane at three inlet air veloecitiles.

static pressure, 1 atmosphere.
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Combustion effioclency, percent

2642 - |

T T T T T 1
Inlet Inlet
temperature velooit
(°R)  (ft/aea
] a30 2a8
- D 63Q 236
a3 100p——— o 780 285 Average alope
g 80l " A 540 180 -
Lal
oL L
H8 &0 &1 e
o g 50 ,01—"'
L P R
s ] 1
i o T |
80 |
o i1 .2 3@ 4 .8 10 2 4 E B8
Prepsure, atam
Plgura 4, - Effect of inlet static pressure on combustion efflciency for
V-gutter fleme holder in S-inch ram-Jjet-type compustor et aguivalengs
ratio of 1.0. )
100 T T — 100
Inlet statio Inlet L’
80| pressure veloolt 50 versge slope
(atm) (rt/me0 . e N
8o 0.75 245 7 £ 80 <
o .75 286 / b S A
70[° .18 106 &4 g 5 A s
Y S b
v 1.0 220 »
sol? L8 210 - EE"-' a0 AN "
14 : AN
wl
6 b A
0 5 % Inlet Inlet
, g temperature astatio N
s OR praagyura \
40 Average mlop 2 a0l (atn)
B [} 850 0.75 \
E ] 700 « T3
a o 565 1.0 \
a 820 1.0
30 | l J 3? A 710 1.0
300 400 500 600 800 1000 00 300 400 500

Tamperature, %

Flgure 5. - Effact of temperature on com-
buption effioienocy for V-gutter flame
holder in 5-inch ram-jat-type combustor
at equivalence ratlo of 1,0.

200
Valoolty, ft/aea

Plgure 6. - Effeot of yeloclty on combustion efficiency
for V-gutter flame holder in 8-lnoh ram-Jet-type aom-
bustor et equlvalenaos ratio of 1.0.
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Combustion efficiency, percent

] NACA RM ESZ2I23

lm T T 1 t
Fuel Inlet statice
presgure Do
O Gasoline 0.50 .
O Gasoline .75 A
80— ¢
< Gasoline 1.0 § A
Vv Gasoline 1.50 v 4
| & Gasollne 2.0 o3
4 Iscpentane 1.0 4
b Pentane 0.13-2.9 a
(Date from reference 4) o
60
>

/u
20 LD

W

0dn |
2 4 6 8 10 1z
3
Correlation parsmeter, 'P%O"_SE

Figure 7. ~ Correlation of combustion efficiency for V-.gutter
flame holder in 5-inch ram-Jet-type combustor with gasoline,
lsopentane, and pentane.



Conbustion efficlency, parcant

2642

(2) Inlet static pressure, 0.5 atmosphere;

fuel, gasoline.

Fuel-air ratio

fuel, gasoline.

100 T r r
Inlet Inlet
temperature veloclty
(°R) (£t/sec)
O 654-870 250.257 )K
90 o 727-741 a53-260 -~
& 700-715 171 \
\\
A \
8o == ¢ KN ke
o,’
L . . T
0
N Inlet Inlet
temperature velcelty
o
80 0,/ & \\o\ (9R) (£t/sec)
\ o BB4-874 237.253
O 660-871 199-202
¢ 755-770 245~-2b3
T A 736-T50  178-181
50 I L 1 |
.05 .06 07 .08 .05 .08 07 .08

(b) Inlet ptatic pressure, 0.75 atmosphere;

Figure 8. - Combustion efficiency data for cone flame holder in 5-Inch ram-Jet-type combustor with
gascline and iscopentane for four pressures.
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Combustion efflclency, percent

< NACA RM E52123

Inlet Inlet Fuel
temperature velocity
100 (°R) (zt/sec)
Lo/ 570577 131-194 TIsopentane
=} 749-765 203-208 Gasoline
< 660-673 197-203 Gasoline
A 658-870 234251 Gasoline
90 +
‘\‘<K\\§l\; T e—D0 _n
< O
70 = =
aQ A Y . %)
ot
60
(e) Inlet static pressure, 1 atmosphere;
fuels, gasoline and lscpentane.
100
90 -C'ﬁ.\\
80 \\E?‘4LL__ie_
70 L
.04 .05 .08 Q7 08

Fuel-air ratioc

(d) Inlet static pressure, 1.25 atmospheres; inlet veloeity,
170-175 feet per seecond; inlet temperature, 654°-670° R;
fuel, gasollne.

Figure 8. - Concluded. Copnbustlion efficiency date for cone flame
holder in 5-inch ram-jet-type combustor wilth gasoline and
1sopentane for four pressures.
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NACA RM E52IZ23

Combustion efflclency, percent

<R
I | I 1 [
Fuel Inlet static
Pressure
B (atm)
0 Gasoline 0.50
L— O Gasollne .75
¢ Gasoline 1.0
A  Gasollne 1.25
100— v Isopentane 1.0
B
80 o L7
v
Pa
/U/ ¢
o}
v
60 P
7
40 '
4 6 8
' PO.3 o
Correlation parameter, —;5—5_

1z

Figure 9. - Correlation of combustion efficlency for
cone fleme holder in 5-inch ram-jJet-type combustor
with gasoline and isopentane.
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Figure 10, - Schematic illustration of ipstantaneous cyoes gection of flame in S-inch rem-jei-type cowbustor.
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Combustion efficiency, percent”

Inlet statlc Inlet Inlet
presgure temperature veloclty
(atm) (°R) (£t/sec)

90 0o 0.69 550-605 155-~168

] .69 583-643 215-267

< «33 574-618 245-268

_d"'—-'o
")
I By
BO @4
2
O~
70 o \’\
4 NG
1///%]
E/,
60 7/0
__-—/
. W
¢ |
50
-7 IB -9 1-0 lol 1!2 ll5

Equivelence retlo

(a) Propyleme oxide

Figure 11. - Combustion efficiency for V-gutter flame holder in S-inch ram-
Jet-type combustor with two fuels.
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Combuation efflciency, percent

| Inlg:1l I Inle'll
temperature veloclty
(°R) (£t/sec)
80 0 639-670 176-185
n] 654-630 272-284
—
] sl
/
70 /Q/
0
o
60
;//
- A
=
//I:l
50
—— | —
40.7 .8 9 1.0 1.1 1.2 1.3

Figure 11. - Concluded.

(b) Benzene; inlet static pressure, 0.69 atmogphere.

Equivelence ratio

ram-Jjet-type combustor with two fuels.

Cambustion efficlency for V-gutter flame holder in S-inch

1.4

4"
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Corbustion efficiency, percent

100

80

20

Figure 12. - Correlation of combustion efficiency for V-gutter flame holder in S-inch

A\
N

Correlatlion of figure 7 for
gasoline, lecpentane, end

._ﬁ

pentane
o Benzene
/ & Propylene oxlde
|
6 8 10 12 14

pO-5 p ¢ up Y2
Correlation parameter; w————— (——
’ VO'B uf:E

ram-jet-type combustor with gasoline, isopentane, pentane, benzene, and propylene
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Combustion efficlency,
percant

e
o
]

Normalized to comstant
inlet conditions %

Varying inlet conditions
{typleal curve from
reference B)

rd
I | |
0 5 10 15

Combustor length, in.

() Effect of verylng inlet-

__Inlet static
pressure

(artm)

/’

2
--0.5

-
-

conditions.
100 — Inlet
velocity 175
b (ft/sec) = 227
g To4
-l
30
g 5
g‘ 50 i
:
3
i |7
o
0 Le
Combustor leagth

(d) Velocity variaticn.
(P, 1 atm; 0, 710° R;
ve, 1.4 ft/sec.)

0 Lo

Copbustor length

(b) Pressure variation.

(T, 770° R;

. Inlet

temperature 7

95 645
CR) - ~ =525

/

(.

Ld

¥, 250 ftfeec; up, L.4 2t/sec.)

Fundamenta],

~  flame

speed
(ft/sec) 2.22

o

-].l 57
1.4

L

¢
Conbustor length

{e) Fundemental flams speed

variation.

(P, 2/3 aim;

T, 660° R; V, 180 ft/eec.)

Le

Conbustor length

(c) Témperature variation.
(P, 1 atm; Vv, 200 fi/sec;
up, L4 Tt/sec.)

T

Figure 13. - Some typlcal combustlon efficlency against capbustor length curves.
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