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NATIONAL ADVISORY CONO'F2EE FOR AERONAUTICS 

PRELIMINARY INVESTIGATION OP'ETECTS OF COMBUSTION IN 


RAM JET ON kFcJrORMANCE OF SUPERSONIC DIFFUSERS 

By Albert H. Schroeder and. James F. Connors 


SUMMARY 

A preliminary investigation has been conducted in the NACA 
Cleveland. 20-inch supersonic tunnel at a Mach number of 1.92 with a 
3,6-inch-diameter rain 'jet to determine the effects of combustion on 
the performance of a diffuser employing a perforated supersonic 
inlet. Variations in total-pressure recovery and Mach number dis-
tribution at the diffuser outlet with and without combustion are 
presented for a wide range of fuel flows and outlet areas. 

As the outlet-inlet area ratio was increased from 0,51 to 
0.86, the peak total-pressure recovery obtained with combustion 
decreased. from 0.89 to 0.68 of the free-stream total pressure with 
a corresponding increase in fuel flow from 40 to 70 pounds per hour 
(fuel-air ratios, approximately 0.02 to 0.04). The cold peak total-
pressure recovery of 0.90 was not attained with combustion. Visual 
observations substantiate the theory that normal-shock oscillation, 
initiated by pressure pulsations from the combustion process, is 
the cause of this rapid decrease in peak total-pressure recovery. 
This effect for the perforated inlet was very nearly the same as 
that previously reported for a shock diffuser. Mach number distri- 
butions at the diffuser outlet were not appreciably affected by 
combustion when compared on the basis of equal total-pressure 
recovery.

INTRODtJCTION 

An investigation to determine the effects of combustion in a 
ram jet on the performance of supersonic diffusers is being con-
ducted at the NAQA Cleveland laboratory. The results obtained, at 
a Mach number of 1.92 with a shock diffuser employing a triple-
shock projecting cone are presented in reference 1. The peak



2	 CONF]IEWTIAL	 NCA BM No. E8G16 

total-pressure recovery obtained by varying the outlet area decreased 
very rapidly with Increasing fuel-air ratio (from 0.91 to 0.67 of 
the free-stream total pressure as the fuel-air ratio increased from 
approximately 0.02 to 0.05). The cold peak total-pressure recovery 
of 0.92 was not attained with combustion. 

In order to determine whether this phenomenon would be influ-
enced by a diffuser with different operating characteristics, a 
perforated supersonic inlet was employed in the present study. 
Unlike the shock diffuser, this type of inlet, utilizes only internal 
compression and has no central body. The total-pressure recovery 
and the Mach number distribution at the diffuser outlet were 
studied in evaluating the diffuser performance. 

This investigation was conducted in the 20-Inch supersonic 
tunnel, which was operated at a Mach number of 1.92 ±0.04. Dry 
heated air was used and maintained at a dew point of -15 0 ±100 F and 
a total temperature of 2200 :E50 F. 

A schematic diagram ofthe experimental ram jet, which was the 
same as that used In reference 1 except for the diffuser configura-
tion, Is shown in figure 1(a). The conical flame holder (fig. 1(b)) 
and the variable-outlet-area nozzle (fig. 1(c)) were also used. An 
acetylene pilot system was used to ignite the main fuel (unleaded 
62-octane gasoline), which was injected in an upstream direction 
through a 12-gallon-per-hour diffusing spray nozzle (rated at 
100 lb/sq in. gage) located in the subsonic diffuser.' Fuel-flow 
rates were Indicated by a rotaineter, and pressures at the diffuser 
outlet were measured on a pitot-static rake (fig. 1(d)). 

A perforated supersonic inlet with a contraction ratio of 1.49 
was used In combination with a 60 subsonic diffuser. The contour 
of the supersonic inlet is Indicated in figure 2(a) by'a plot of 
the cross-section - throat area ratio as a function of the distance 
from the diffuser inlet. The ratio of a summation of the per-
foated hole area to the throat area is shown In figure 2(b) as a 
function of distance from the diffuser inlet. 

A simple shadowgraph was installed .inside the tunnel to allow 
visual observation' of the shock pattern at the diffuser Inlet. 	 - 
The air flow through the combustion chamber was estimated at 
1740 pounds per hour when supersonic flow was established at the 
diffuser throat.

C0IBriIAL
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RESULTS AND DISCUSSION 

Symbols. - The following symbols are used in this discussion: 

Ai diffuser-inlet area 

A4 projected ram-jet outlet-nozzle area, normal to free stream 

Mach number at diffuser outlet (combustion-chamber inlet) 

P0 free-stream total pressure 

P3 total pressure at diffuser outlet (combustion-chamber inlet) 

Wf fuel-flow, pounds per hour 

Total-pressure recovery without combustion. - At a Mach number 
of 1.85, the cold-run performance of a perforated supersonic inlet 
(reference 2) indicated  peak total-pressure recovery of 0.93. In 
order to establish a reference with which to compare these results 
obtained, with combustion in the present study, a- cold. run was con-
ducted at a Mach number of 1.92 with a similar type of inlet. The 
variation of total-pressure recovery p3 /p0 with outlet-inlet 
area ratio A4 /A1 is presented in figure 3. The peak p3 /p0 of 
0.90 is lower than that reported for the inlet in reference 2, as 
would be expected with increased shock losses at the higher Mach 
number. 

Total-pressure recovery with combustion. - When the normal 
shock Is located in the subsonic part of the diffuser, the addition 
of heat to the combustion chamber moves the shock toward the throat 
of the diffuser and results in an increased total-pressure recovery. 
The optimum total-pressure recovery is realized when the normal 
shock is positioned near the throat of the diffuser by either 
increased heating or decreased outlet area. In this study the 
total-pressure recovery Is experimentally evaluated as.a function 
of both fuel flow and outlet area. 

The variation of total-pressure recovery P3/P0 with fuel 
flow Wf for several constant outlet-Inlet area ratios A4 /A1 is 
shown in figure 4. As Wf 'was increased from the value at which 
combustion was initiated, P3 /P0 increased to a peak value for 
each A4 /Ai and then decreased very rapidly. The peak p3/p0 
decreased from 0.89 at 40 pounds of fuel per hour (fuel-air ratio, 
approximately 0.02) to 0.68 at 70 pounds of fuel per hour (fuel-air 

CO']IENTIAL
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ratio, approximately 0.04) as A4/Pi increased. from 0.51 to 0.86. 
Visual observations of the flame in the combustion chamber and. at 
the outlet nozzle indicated, that rough and. unstable combustion 
occurred when the fuel flow was increased from the value at the 
peak 3/p0 . Simultaneously, the oblique shook from the inlet 
became blurred andthus indicated movement of the normal shock in 
and out of the inlet. 

These results appear to substantiate the theory presented in 
reference 1 that normal-shock oscillation, initiated by pressure 
pulsations from a coupled unsteady combustion process, is the 
reason for the rapid decrease in peak total-pressure recoveries 
with increasing outlet area. Any such oscillation prevents loca-
tion of the normal-shock at its optimum steady-state position in 
the diffuser and consequently results in a lower peak total-
pressure recovery than that attainable with steady-flow conditions. 
These recorded peak recoveries thus represent mean values within 
the limits of the pressure fluctuations caused by this oscillatory 
cycle and lie somewhere between the optimum cold, value and the cold 
value for the given outlet-inlet area ratio. At a constant outlet-
inlet area ratio, the moderate increase in total-pressure recovery 
above the cold-run value indicates, from one-dimensional steady-
state considerations, that the temperature rise from the combustion 
process was low. Any estimate based on the recorded values of 
total-pressure recovery, however, will not give the maximum mag-
nitude of the temperature rise during the shock oscillation but 
will give some intermediate value. 

The variation of	 with A4/A1 for three constant fuel 
flows is shown in figure 5 along with the reference curve (without 
combustion) from figure 3. For each fuel flow, P3/P0 increased 
to a peak value as A4/A1 decreased from the me3d mum position for 
which combustion could be maintained.. With further decrease in 
A4/A1, P3/ 0 decreased and dropped below the reference curve. 
Bough and unstable combustion and a blurred oblique shook at the 
inlet were observed. when AjA, was decreased from the peak 
P3/P0; these observations were similar to those made when the fuel 
flow was increased from the peak P3/P0 (fig. 4). Again, normal-
shook oscillation would account for the drop in peak P3/P0 from 
0.89 to 0.75 as the fuel flow increased, frOm 40 to 60 pounds per 
hour.

A summary plot of the peak total-pressure recovery obtained 

from constant-outlet-area and constant-fuel-flow runs (figs. 4 and 5) 

C0UrLLILL
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is presented in figure 6 as a function of outlet-Inlet area ratio 
along with the reference curve. The peak P 3 /P0 decreased rather 
rapidly as A4/Ai increased.. The curve for the shock diffuser 
(reference 1), replotted herein for comparison, had very nearly the 
same slope, which indicates that, the effect of the normal-shock 
oscillation on peak total-pressure recovery Is nearly the same for 
both the perforated and shock diffusers. 

Mach number distribution at diffuser outlet. - Mach number 
distributions at the diffuser outlet with and without combustion 
are presented. In figure 7 for several values of total-pressure 
recovery P3/P0 . Experimental-data points have been omitted in 
order to alleviate confusion among the curves. Combustion produced 
little or no effect upon the Mach number distribution when compared 
on the basis of equal total-pressure recovery, as was also mdi-
cated for the shock diffuser in reference 1. The curves both with 
and without combustion follow the same trend.. 

For the perforated supersonic inlet, the characteristic var-
iatio in Mach number distribution with total-pressure recovery 
P3/Po Is of interest. At the peak values of P3/P0, the 
combustion-chamber Mach number M3 was a maximum at the center 
and. decreased toward the walls. As P 3/p0 was slightly decreased., 
the Mach number distribution became uniform with little variation 
In M3 across the combustion chamber, except near the walls. With 
further decreases in P3 /P0, the curves are shifted to progressively 
higher average M3 levels with correspondingly steeper Mach number 
gradients between the walls and the center of the combustion chamber. 

- SUMRY OF RESULTS 

An investigation to determine the effects of combustion In a 
3 • 6-inch-diameter rain. jet on the performance of a diffuser employing 
a perforated supersonic inlet gave the following results at a Mach 
number of 1.92: 

1. The peak total-pressure recovery decreased from 0.89 to 0.68 
as the outlet-inlet area ratio increased from 0.51 to 0.86 with a 
corresponding increase in fuel flow from 40 to 70 pounds per hour 
(fuel-air ratios, approximately 0.02 to 0.04). The peak total-
pressure recovery of 0.90 attained without combustion was not 
realized with combustion.

CONFIDENTIAL
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2. Whenever the fuel flow was increased, or the outlet area was 
decreased from the conditions of peak total-pressure recovery, 
rough and unstable combustion was observed, with a simultaneous 
vibratory-shock pattern at the diffuser inlet. These observations 
tend to substantiate the theory that normal-shock oscillation, 
initiated by pressure pulsations from the combustion process, Is 
the cause of the rapid decrease in peak total-pressure recoveries. 

3. With combustion, the variation of peak total-pressure 
recovery with outlet-inlet area ratio approximated that previously 
reported for the shock diffuser. 

4. Combustion produced little or no variation in the Mach 
number distribution at the diffuser outlet when compared on the 
basis of equal total-pressure recovery. 

Lewis Flight Propulsion LabOratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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Inlets for Efficient Supersonic Diffusion. NACA EM No. E7C26, 
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(c) Variable-outlet-area nozzle. 

(d) Pitot-static survey rake located 
at cross section A-A (fig. 1(a)). 

Figure 1. - Concluded. Experimental ram-jet model. 
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inlet area ratio without combustion. 
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Figure 5. - Variation of total-pressure recovery with outlet-
inlet area ratio for constant fuel flows. 	 - 
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Figure 6. - Variation of peak total-pressure recovery with outlet-




inlet-area ratio. 
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