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SummFJry 

An attempt is made to show that flames and 
deton~tion waves stabilized at supersonic velocities 
may have practical applications. It is concluded 
that experimen tal work in this field would be advisableo 
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1. Introduction 

Recent work on combustion has dealt with two broad 
fields: fundamental research, which comprises the work on 
chemical kinetics, the study of laminar flames, the various 
theories of turbulent combustion, etc. and, on the other 
hand, development work on combustion systems for practical 
applications: turbojets, ramjets, reheat systems end the 
like. All this work( with the exception of some observations 
on detonation waves e.g. ref.7 ), deals with combustion in 
streams of very small dynamic pressure. 

In this paper it is proposed to do some work on the 
feasibility of practical applications of high velocity f l ame 
fronts and of stabilized detonation waves. In a flame front 
the normal component of velocity is the burning velocity of 
the mixture; however, there seems to be no physical restriction 
on the velocity component parallel to the flame front. 

2. Suppose we have a combustible mixture in laminar 
flow a t a velocity V. If at some point a continuous source 
of ignition is inserted, a sheet of flame will propagate 
into the mixture at the laminar burning velocity. This flame 
front has many properties analogous to those of an oblique 
shock: the equations of state, of conser vation of momentum 
and of continuity are satisfied in both cases. But while 
conservation of energy for t he shock, which is adiab~tic, 
leads to a shock angle solely dependent upon the devia tion 
of the flow, in the case of a fl ame front the devia tion of 
the flow is dependent on the quantity of heat added and on 
the burning velocity. It can be easily shown t hat the 
deviation angle is a l ways po s itive through shock s , and 
negative through flame fronts (Ref.2, p. 781 ). 

From the viewpoint of efficiency, a considerable 
l oss i n t ota l head occurs fo r l a r ge heat releas e s , being 
gi ven approxima tely by .6.P = -q ( b. T) . Under certain 

0 (~) 

c ircums tances though, it is submitted t hat t his may be 
tolera ted, as illustrated in the examples of figs. 1 1 J, 4, 5, 
discussed belowo There is also a redeeming cons i dera tion: 
compact supersonic diffusers i ncur considerable l osses in the 
constrained part of the di ffusion process , so wha t is lost 
by burning at a high dynamic head may be partially r ecovered 
in not having to diffuse down to a low velocity. 
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J . As an example (c hosen mainly fo r its ease of 
computa t ion) l et us consider ·a possibl e method of thrust 
boost e t supersoni c v~lonity. 

Fl i:~ . l r epr e:J ents F....:.(] .qer0foil i n t,;o dim ensional flow 
';Ji th f lameholders origni ters at nm. Fuel is injec ted in 
such a manner tha t it mixes into the air pas sing between "I" 
and t he foil, and is assumed ful l y disper sed before it r eaches 
the flame front (dashed). Without fuel injection (top half 
of fi g .I) the flameholde r may be retracted into the wing, 
and the incremental drag is nil. When t hrus t boost is 
required, the flameholder is extended, and fuel is injected 
and ignited (lower ha lf of fig.l ). The increase in volume 
of the burnt gases acts as an aerodyrui.mic wedge , lrneping the 
pressure on the rear of the foil a t a higher level than on 
the front by means of the shock generated a t "I". The result, 
of course, is thrust; and Table I gives the specific impulse 
and other quantities in terms of "p "the free stream 
pressure and "C" the chord. 

Table I 

Mach number r:k,= 3.0 Free stream temp. T~ = 492°F 

Burning velocity v2 ft/sec. 100 

Heat addition, .6 h
0

, Btu/lb. air 1495 . 
Depth of stream tube taking 
part in combustion, S, ft. . 057c 

Thrust F, lbs. .069Cp 

Thrus t coefficient based on 
frontal area ( Cp - CD) .155 

Fuel specific impulse, s.r., sec 193 

200 

675 

.114C 

.069Cp 

.155 

214 

The burning velocities quoted are fa r above the 
laminar flnme speed of hydrocarbon-air mixtures. However , the 
configuration considered requires these burning velocities, 
and in fact it is found that some of the boron hydrides have 
heat release and burning rates in the range considered. 
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For a particulRr fuel and fli ght condition there will be one 
mixturP. strengtl-. of heat relense .6 h0 and burning velocity 

I • V 2 satisfying the geometry presented. This is not to say 
that a higher .heat release is ruled out: it only intensifies 
the s>1ock wave at "I", thus 1ncrea.si ng the t hrust, and 
possibly the specific impulse es well. 'l1his was not determined 
owing to the complicated interaction of the reflected s hock 
with the fl ame front. In computing Table I, t he drag ' due to 
fuel injection and to flameholding has been neglected. The 
l a tter in particulAr is really the crux of the matter, and 
mi ght be very l a rge. On t he other hand, with the special 
fuel considered, it may be reduced to a negli gible value by 
means of contimwus chemical ignition. It s hould be empha sized 
tha t the above men tioned exRmple was chosen f or it s ea se of 
calcula tion, and not for any particula r excellence of the 
scheme. 

Other configurations of either radial or 2 dim~nsional 
sy!IlI!letry are shown in figs. J to 5. Assuming fig. J represents 
a body of revolution, t he flamefront is stabilized on a gutter­
like fl '1meholder, and gradually propagates into the mixture 9 
petering out as the mixture becomes too lean. Figs. 4 and 5 
involve detonat ion waves stabilized in regions of decreasing 
cold floN velocity. A rough idea of the p11 rticle hi story in 
these cases may be gnined from the T-V diagrams of each figure 
( see section 5 ). 

4. In order to establish the feasibility of flameholdlng 
rmd i gnition in a supersonic stream , it ls proposed t o do some 
experimental work . In this connection, the High Speed Aerodynamic 
section has some 5" x 5" test section nozzles, which the Gas 
Dynamics'Compressor could blow up to M = 2. Should t hes e 
become available for the work proposed, they would greatly 
reduce the expense. A preliminary proposal for the experimental 
set-up is sho,•m in fig. 60 

5. CalculEJtions 

Symbols: 

p pressure lbs/in2 
,.-0 dens ity lbs/1n3 
T temperature OR 

V velocity ft/seco 

M Mach number 

q Dynamic head lbs/1n2 

h Entha lpy Btu/lb 
A 
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Sub~cri:pts: 

00 Free stream 

0 Stagnation 

1 Behind Leading Edge shock 

2 Behind Flame shock 

J Behind Flame front 

The calcula tions were greatly simplified by using Spalding's 
T vs V chart for varia ble s Decific heat r a tio (Ref.2) as well 
as tPble s , gr aphs and formuiae fro:n Ref . 8. Fig . 2 s hoi•rs t he 
steps on the above mentioned chart; starting at h 00 , B2 
represents the state just ahead of the flame front. The 
ve locity here is resolved into two compo~ent ~, the one normal 
to the flame front being the burning velocity and repr esented 
by B~ and B; accord i ng

1
as 100 fps. or 200 fps. be taken for 

the burning velocity v
2

• 

No t e tha t B2 B~ repre sents the si ne of t he angle between v
2 

I 
and the flame f ront. Likewise CJ CJ wi ll represent the si ne 

of the angle between v3 and t he flame front. Also, the total 
I I 

e:thalp~es <>t B2 , B2 , CJ and CJ are r e l a t ed by h0J - h
02 

= 
h0 - h0 • 

J 2 



I To find CJ we go along the momentum curve of B2 until 
I • 

VJ is attained, and on the sarne ter:.1.perature level find CJ where 

V = VJ (for additional information plea se consult Ref. 2 ). 

Knowing, then, the pressure distribution from slwck tables, 
and the heat release from Fig .2, it 1s a simple matter to 
compute the data of Table I. 
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