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Inti'oduct ion

Because of the limited use of the thrust augmentor and its lack
of success up to the present, it ie not widely imown and the principles
underlying its operation are not clearly understood; therefore, it wmas
thought best by the anthor to include at the beginning of the thesis
2 brief explanation and description of the thrust eugmentor,

The term, thrust amgntgi-, ayplies roughly to any device which
increases the thrust derived from a free jet, That is, o free jJet of
gas discharging into the atmosphere creates a reaction upon the nozsle
in a direction o:ppo?ito to the d.ireé.tion of flow of the msu.. The
augmentor 1s a device which creates adlditional force so that the total
reaction will be greater than that of the Jot alone, _

The type of augmentor used up to the present time takes the form
of an alr sjector which, Dy definition, is a ¥ device in which the
kinetic energy of one fluid is nsed t¢ pump another fluid from a
region of lower to a region of higher prumo".l Although the pressure
differentlal is gzero in the thruet auwgmenter, 1t is basically an alr
eJector since the kinetic energy of one fluid is used to impart mo-
mentwm to another, The ope;'ation of the ejector may be briefly ex-
plained as :to]jion. The jJet is directed so that it comes in contact
and mixes with the fluid to be expelled and, due to 1ts high wvelocity,
forceably ejects and carries the fluld o the place and conditions

for which it was designed,

-1 Principles of Enginsering Phermodynanics, Kiefer and Stewart, p.27/
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The principal applicaiion of the ejector, used as an augmentor,
would be in the field of rocketry and aireraft propulsion, The jet
alone, usad ag a propeller, 1s very inefficient except at extremely
high speeds, higher speeds than are obtained at present, By increasing
the thrust, the augmentor or sjector should mske the Jot as efficient
as & propeller at low;ar speeds, Should the thrust of the jet be in-
creaséd a sufficient amount by the addition of the avgmentor and should
the proper efficiency be obtained, it would then compare with the
internal combustion enzine and the air screw,

The following definitione apply to the terms as used in this
thesin:

Kotor gases - The gases issuing from the nozzle which furnish

the energy to operate the augmentor,
Induced air - The air drawn inte the sjector and entrained by
the motor gases, . |
Mixture of gases -~ The gases at exlt, consisting of a mixture of
notor gases and induced air,
Thruet ratio -~ Ratio of the thrust of the angmentor to that of
the jet alone,
Mass ratio - Ratio of the mass of the mixture to that of the
motor gases,
Ratio of momenta ~ Ratio of the momentum of the mixture to that

of the moter air,




Scope

This thesis is a study of the present type thrust augmentor in
conjunction with the design, comstrustion, and test of a series of
thrust augmentors,

It became evident soon after the preliminary work commenced that
the success or fallure of the sngmentor mwould depond upon the efficlen-
ey with vhich the motor air and the induced alr could be mixed, It
was also observed that the mixing procese occurring when a gaseocus
Jet discharged freely into the atmosphere is sxtremely inefficient,
approaching the condition of total inelastic impact between the motor
and induced air, It was aleo evident that 1ittle improvement has
been made along this 1ine even in the best angmentors produced at
present, |

An attempt to study and remedy this situation would have entailed
more time than was available, therefore, the scope of this thesis mas
limited to a study of the basic principles of augmentation, That is,
a study was made of the present type augmentor in an attempt to ana-
lyze its present situation as to state of development, problems
hindering its develo;ment. and its possidle future, Several types of
avgmentors wers tested to aid in the analysis of some of the basic

principles of augmentation,




Previous Work

Tor a mumber of years the principle of the thrust augmentor has
Yeen considersd as a possibla means of propelling aireraft, Experimen~
ters have been working on a proper design of such a device in variouvs
countriea, France, !ngla.n&. Germany, and the United States to the know
ledge of the writer, Hoﬁ;ver. very little success has been attained
in this ﬂeld, and most of the experimenters have either become diz-
heartened or given up the project as being impracticabls, The most
outstanding worker in this field is most probably Monsieur Melot who
gained recognition from the French Government in the early twenties
for his development of the so-called " Melot thrust augmentor®, The
name ausmentor wag given to the device becanse it increased the
thrust sbove that of the jet alone, The jet was furnished originally
by kerosene burners, but these were found to be very inefficient due
mainly to the fact that only low pressures or compression could be
obtained, Melot finally designed an interﬁa.l combustlion engine\with
no crankshaft, only a piston which shuttled back and forth in a
eylinder having combustlon chambers in both ends, During the expansion
stroke the piston uncovered exhaust ;iort.s which conducted the high
pressure gages 10 a nogzle creating an intermittant jet, The augmentor
consisted, as shown by Diagram 1, of a series of convergirg conical
sections through which the jet passed followed by a venturi tube, The
French Govermnment conducted tests on the device tut evidently
considered 1t impracticable, hence no more ..informtion could be found

by the writer concerning this "e;iibﬁentor. However, !".-,]%_‘ results of




tests performed by other experimenters on similar devices are avalla-
ble,

Sim.:a the Melot type is generally considered one of the most
effective kinds, a dlagram showing its principal features 1s included,
The diagram is followed by a set of curves illusirating the result of
tests performed on this type, Another apparatus vhich compares in
e!fect:l;yenesa with the Melot augmentor is that desizned by Von Paul
Schmidt';'of Gernatv.l Its main features are also shown by Diagram 2,
The results obtained from the latter are somewhat better than those
of the former as tested by Jacobs and Shoemaker.2 These types will

be considerad further in the discussion,

' Bockets with Jet Apperatus, by Von Paul Schmiat, ZF.M,, August,
1933, Wr, - 15,

2 Tests on Thrust Aucmontors for Jet Propulsion, By Jacobs and Shoe-
waker, N,A,0.A,, Technieal ¥otes ¥o,431, Sept, 1932,
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Design

Bafore beginning the ﬁljﬂisn. some 67 the basic laws and principles
which s.ff;ct the design and operation of the augmentor ahbuld.. in the
opinion of the writer, be set forth and explained,

It may bBe proper first to consider the energy exchange takring place
between the motor and the induced air, Should the kinetic energy of
the moto}j_ gases be conserved during the period of impact, so that the
kinetic ..e'nergy of the mixturs is equal to that of the motor .ga.ues. then
elastic impact 18 sald to have occurred between the motor gases and the
induced air, However, should the mixing process be so inefficient that
only the momentum of the motor gases be conserved, then the condition
of total inelastic impact is said to exist, The latter type is ansle-
gous to the impact batween plastic bodles such as putty and clay while
the former may be compared to the impact between bllliard balls and
other bodies made of elastic materials,

It is then the goal of the designer to bring about the former
condition dwring the mixing process, Very little progress has been
made in this direction and, consequently, the development of the augmen-
tor has heen extremely #low, Even in the most efficient augmentors of
to-day the condition of 1ittle better than total inelastic impact has
been obtained,

Thie section of the thesls under the heading of Design 1s divided
into twe parts, the firet belng devoted to the consideration of the
problems as they would exist should elastic 1mpac£ be obtained, and the

second part devoted to a study of the situation as it remains to-day,
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In the first part an attempt is made to analyze the situation and

sugzest o design effective under such conditions; likewise, in the

second part a design 1s attempted to aid in the study of the present

s-itua.tion.
Part 1

An"4mportant phencmenon which occurs under the conditions of
elastic impact 1s that of the momentum incresase of the mixtﬁre. To
11lusérate this priscipls let us consider what takes place in the
apgmentor during impact, The gases issue from the nozzle at a high
rate of speed and, consequently, its kinetic energy is large. When the
gaees mix with the induced air, the gms velocity 18 lowered and that of
the alr increased, the loss in kinetic enerzy by the gases being ab- '
gorbed by the air, Due to the increase in mass, the resulting momentum
of the mixture will be larger than that of the orizinsl motor gases,
This phenomenon is best explained by .a.n example, Let us assume that
the gases issue from the noszzle at the rate of one pound per.second with
a velocity of 3000 feet per seocond, and that in passing through the |
augmentor it mixes with one pound of air per second, The kinetic energy
of the initilel pound of gases ie:

2
% W:% = 139,700 foot pounds,

Momentum, MY = L;.gﬁ%@_ = 93,3 pound ssconds,

Since, the kinetlc energy of the mirture is equal to thet of the
original jet, the velocity ‘of the mixture will besi’
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Yelocity = ,\/Ei.izéém = 2120 feet per second,
Momentun, MV = -23-3431-31 » 131,65 pound seconds.

This shows an increase of 38,2 pound seconds or 41 per cent, A more
practical situatlon mould be one in which the mass of the mixture is
150 times that of the original gasee, the velocity of the mixture being

2
in this cage?

Velocity = /84,4 15.%39 700  » 244,7 feet per second,

Momentum = lﬂmz_&..l = 1140 pound seconds,

The latter momentum ix more than 1200 per cent of the originagl motor

gases,
The reletion of the momentum of the motor gases and that of the
final mixture can be found in terms of the mass ratio. Contiming the
assumption of perfect efficiency, the following equation holds true!
i 3 i s

from vhich ¢

¥
Vo = YIW’i:‘ .

Subetituting the value of Vo in the ratlio of momenta:

Ratio of momenta = M2V2 - MoV g_ . }‘_2.
Hlvl . lllvj_ My
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1.{1 = Mass of motor gases,
Hz = Mass of mixture gases,
71 = Velocity of motor gases,

72 = Velocity of mixture,

This shows the ratio of no_menta to be equal to the square root
of the mass ratio,

Ario ther principle that should be explained before beginning the
design is that of the forces created on surfaces near an accelerating
fluid, as is illnstrated by Dlagram 3. An incompressible finid is
used, for convenience, to flow from the nozzle as shown, The impulse
of the jet thus formed 1s equal to the momentum of the jet, M V, It
ms found that the force due to the preesure acting upon ths unequal
areas of the two opposite sides of the tank will aceount for but one-
half of the impulse., Sinee the total impulse of the jet muat be trans-
mitted to the tank to satisfy the fundamental laws of actlion and reac-
tion, it was assumsd that the remmining force was transmitted to the
tank by means of the lowered pressure of the high velocity f.{uid acting
upon surfaces near the nogezle and upon ths surfaces of the nogzzle,

The proof of the above assumptions as given by A, Stodola is as
folloﬂ:l <

Impulse dus to Jet = ® = ¥V (1)

Torce dme to unbalanced area = F = FA
ot ¥ (Equation 1) = Density x Volume
and Volume = AV
then ¥ = D.g_&

lStean and Gas Turbines, by Aukel Stodols.p. 264
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d Therefore, substituting this value of ¥ in Equation 1:

@)y . W (2) .
& €. ’ '
Fa My \ 1

Equating velocity head to the head produeing flow:

g

"

"
Ol

QT

o
oy

- then

% &
a4

Substituting % for % in Bquation (2),

r.m::% = 2 PA

M = Mass rate of flow of Jet,

¥V = Velocity of jJet,

A = Unbalanced area or area of nozzle,
D = Density of fluid, -

E= Acceleration of gravity.‘

H « Bead producing flow,

Therefore, the impulse 1s twice the force due to the pregsure
acting upon the unequal areas and hence, one-half of the ilmpulse due to

the lowering of the pressure upon the areas near the nozzle, This is
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nersly ancther a.ppliea.tio:_a of Bernouillits theorem,

This principle may be applied to the augmentor by providing a
large utr@ined entrance, Should the area of the streamlined entrance
be infinitely large, a force equal to one-half the mementum of the ine
duced air could be obtained upon the surface, However, a large propor-
tion of the force should be obtained upon surfaces of finite size since
the velocity of the approaching air is nesgligible until 1t nears the
imediaie vicinity of the intake,

Another phencmenon which should be ﬁn&erstoo& before beginning
the design is that occurring when air is sucked into a tube, Under
these conditions free atmospheric air may be accelerated without th&
customary force being exerted on the tube; for example, the high
velocity air may be turned at right angles with no force upon the tube,
This peculiar effect 1s caused by the fact that the total head of air
remains the same during the process, the total head being that of the
surrounding atmosphere, Thus, in making a right angle turn the air
loges its velocity head in one direction and regains it in another, In
losing thies velocity head in the orizinal direction of ﬂov.‘ the
pressure builds up to atmospheric again, exactly balancing the atmos-
pheric pressure acting on the outside of the tube, Thus, the forces
are balanced, the resulting force on the tube being sero,

It must aleo be borne in mind while designing a thrust auvgmentor
ti:at the air may be accelerated and ejected at a high velocity without
a2 force being produced upon the apparatus, One of the prinecipal prob.
lemg 18 to bring about conditions which will ca.;‘lse the forcs, due to

the acceleration of the air, 4o register upon the augmentor, In the
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opinion of the writer, fallure to recognige the above fact has been
a contributing factor in the unsuccessful operation of many designs,
Yor example, if a Jet is discharged freely into the atmosphere, it
will entrain a relatively large quantity of alr in its path and give
it a high velocity; however, the only force which is obtainad is

that due to the origiml_.__;]et. ds will be seen later in the results of
the tests of an arrangamént consisting of a Jet surrounded by a
parallel walled tube, although air was entrained and given a velocity
of between 150 and 200 feet per second, mo force was obtalned from
the acceleration of this air, the only force being that of the jet
alone,

In the deslgning of a thrust augmentor uﬁder ideal conditions
it should be remembered that as the mass ratic increasges, the ratio
of momenta increasses, the momentum of the motor gases becoming less
in proportion to that of the fina) mixture, The arre.ngemnf shoumld,
then, be made so that the momentum of the final mixture could de
utilized rather than that of the motor gases, In the opinion of the
writer, the arrangement which would be best suited to thie purpose
is something along the lines of Design 1,

Upon examining the arrangement, it 1e apparent that a t.hrust
equal to twice the momentum of the mixture will be obtained at the
exhaust end of the air tube due to the 180 degree bend, 4 thrust -
of half the momentwm of the induced air may alsc be obtained at the
entrance of the tube, As explained bvefore, the effect of the induced
air in turning the 180 degree bend, immediately fol_.lowing entrance to

the tube, is negligible, Then the total thrust obtainable from such
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an arrangement should be, theoretically, twice the momentum of the
aixture plus half the momentum of the induced air mirus the momentum
of the motor air, TFor convenience, let us asmme the momentum of

the iniuced air to be equal to that of the mixture which is mot un-
reasonable, if the mass ratic is large, Assuming a mase ratio e¢f 100,

the ratio of momenta wm_:ld ba/mo = 10 and the thrust ratioe:

" 2% x10-1. 28

To simplify the construction of the various types of augmentors,
the parts of the augmentors were made interchangeable s¢ that all
types could be assembled from one grewp of sections or parts, This
necessltated compromises in the individuel designs, It was declded
to use compressed air from the syetem of thes Georgia School of
Technology to furnish the power necessary for operation of the
a-ugmentoi's. The nozzle decided upon was in the form of a longitudinal
8lot in a section of alrcraft tubing, the air being supplied from
both ends ¢f the tubing, The form of jet produced by this shaped
nozgle presented a relatively large surface area, insuring a speedy
mixing process, Its principal features are shown by Diagram B,

The main prodblem in the design of Humber 1 proved to be decreas-
ing friction losses in the ;Ibow turnse, " Prom the results of a series
of tests run on friction losses in elbow bendz in air duet symtens
by Loring lirtl. it was found that the following rules may be stated:

lli'ew ta for the Des of ws_in t S mg, by Loring Wirt,
General Blectric Review, June, 1927, p.286,
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1. The radius fatio should be large,

2, The aspect ratioc should be large,

3., A square corner is 10 per cent more efficient than a
rounded corner,

4, A section of a straight duct following an elbow regaint sone

of the energy ;.ost in the elbow,

The meaning of the above terms, radius ratio and aspect ratio,
are illustrated by Diagram Number 6, According .to these rules, a
radius ratio of 2,5 and an aspect ratic of 4 were chosen, Square
corners were used in the elbows and, for simplicity of construction,
& rectangular cross section was used for the air tube, JFrom the
ghove article, the lesses in esach right angle turn of the above
degign was found to be 8 per cent of the kinetie energy of the alr
strean, This wvalue comperes favorably with the value of approximate
ly 100 per cent which applies to an ordimary right angle twrn,

A series of tests were made to determine whether the diffuser
should have parallel sides or a taper, Parallel eides proved to be
the more deelrable, The dimensiong of the nozzle and the air tube
were determined by the capacity of the compressed air system and
the range of mass ratio desired, The diffuser was divided into
soections of such .len.g;th that its length could be wvaried in one foot

increments from 2 to 12 feet,
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Part 2

Design 2 was an attempt to gain maximum thrust increase under
actusl conditions of inefficlent mixing of moter and induced alr, Al-

thongh 1t would not be the best arrangement should any degree efficlen-

cy be obtained in the mixing process, it is, in the opinion of the
writer, of good basic’ design under conditione of imelastic impact,
Under: these conditiohé. where the momentum of the motor air is
approximately equal to that of the fimal mixture, the nozzle muet be
tm'n;d in an opposite direction to that of the thrust so that ite
now relatively large force mey be added to that produced by the re-
meinder of the apparatus, An added thrust may be obtained in this
arrangement by providing a large streamlined entrance form, the
added thrust, as previouely erplained, being one-half the momentwm
of the induced air, As the maes ratio increases, the momentum 'of
the induced air approaches that of the mixture and since, in the case
of totally inelastic impact {which is assumed in Part 2}, the
nomentum of the motor alr is equal to that of the mixture, Then we
may assume, for simplicity, that the momenta of the motor amd induced
air are equal, Shonld the above situation de the case, the total
thrust would be the momentum of the motor air plus half this walue,
or the thrust ratioc wonld be 1,6,

It wouvld appear that the thrust ratio of 1,5 is the maximm
that is theoretically obtalnable so long as inelastie impact exists;
however, another effect comes into play which enhances the efficiency.

This effect is produced by the initial velocity of the induced air,

i A 7 4 ol uibai e el
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As the velocity of the induced air increases, the difference in
velocity between the motor and indnced air decreases, assuming that

the velocity of the motor air remaing constant, The loss of energy

upon impact will then be reduced as shown by the equation for losses

during inslamtic impact, The loss in energy ist %

: 1 1514
r, Loss = 152
. - {vl - Yz)' .

2 e,

‘ I[l = Mase rate of flow of motor air,

Hz = Mass rate of flow of mixture air,

. V, = Velocity of motor air,

Yz = Veloclity of mixture,

It is then apparent that the loss is proportional to the square
of the velocity difference, and, due to this effect, thrust ratios

higher than 1,5 may be obtaired although inelastic impact occurs

during the mixing process, No attempt was made to utllize this effect;
however, a certain benefit was gained dvue to the initial velocity of

the induced air,




Construction

A1l parte of the alir tube were constructed of white pine
materiale, the sides being made of:]i- inch plywood and the top and
bottom strips of% inch thickness, All surfaces exposed to the alr
stream were finlshed with number 120 sandpaper, The joints were of
the slgeve-collar type and were fastened together by wire,

The norzyle was made from alreraft tubing, the opening consisting

of a longitudinal slot :.%flnchea wide and two inches long, The in-

gide surfaces of the slot were fou.nded and polished to form a smooth
converging noggle, The ends of the nozzle tube were connected to

the air eupply pipe by two lengths of% inch air hose, The principal

features of the construction are shown by Dlagranm 4,




Apparstus

The auvgmentor was suspended from a stationary support bty means
of vertical wires arranged so that no undue strain was placed wupon
the joints of the air tu‘lge. By arranging the hoses 80 that they
approacl;ed. the air tube at right angles.' all side forces, such as
thoee ca.éﬁed by the stiffening of thes hose under pressure and the
inertia of the high velocity air flowing through the hoses, were
eliminated, As shown by Diagram 8, a pulley wag attached to the
bottom of the air tube and the cord sec arranged that the thrust could
be measured upon the scales, Tension in the cord lessensd the weight
on the scales and decreased the sczle reading aceordingly . 3By
fastening the other end of the cord to a movable weight, the operator
could counteract the stretch in the cord by shifting the weight, The
stops were so arranged that their surfaces were barely in contact

while the apparatus remainred at rest,
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Method

The apparatus wee set up as shown by Diagram 8, the hoees having
been tested and found to have negligzible effect upon the scale read-
ings 80 long as they remained vertical, With the apparatus at rest,
the stops were placed barely in contact, the cord allgned both
verticﬁlly and horizontally, and the scales set on the maximm read.
ing,

As the air valves were opened, the augmentor would move forward
stretching the string and pulling the contact surfeces apart, The
position of the movable weight was then changed to bring the
avgmentor back to its original position of rest with the stops almost
in contact, The reading was then recorded as the difference detween
the scale readings before and afier the alr valve was opened, 1In
testing the nozzle alone, the nozrle was removed from its pesition in
the center of the air channel and fastemed to the top of the alr tube,

All wires a.r_td connections, whose frietional resistarnce in the air

stream wonld have affected the semle readinge, were removed,
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Dacussion

The thrust ratios of designs 1, 1-A, and 1.-]3 proved to be very
small, In the opinion of the writer, this was due to two principle
causes; first, this _t}-pe was designed for conditions of elastic im-
pact during the mix_iiﬁg process and, hence, rac';uires a large ratio of
moménta for successful operation, Second, the friction losses in the
elbows were excessive, amounting to approximately 30 per cent of the
kinetic energy of flow,

The resulte of the teste on 1.3 proved that the losses in the
firet 180° bend more then offget any benefit that might heve been
galined due to the entrance form being turned in such & direction as
to add its component to the net thrust of the apparatus, When the
entrance form was omitted, as in l.A, the entrarnce losses increaped
considersbly, go much that the losses more than balanced the detri-
mental effect of the entrance cone being turned in the wrong direction,

The results of the tests on Design 2 ccincided to a large extent
with those predicted by the theory of inelastic impeact, The thrust
ratios approached the value of 1,5 at low nozzle pressures, The fact
that the thrust ratio increased with decrease in nozzle pressure may
be explained as follows, The mase ratio increazes as the nozgle
pressure becomes smaller, causing the momentum of the induced air to
approach that of the motor air, This causes the value of the thruset
ratio, namely 4 MV of the induced air plus MV of the motor air, to

increase and approach the value of 1,8 the MV of the motor alr,
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Conversely, when the mesa ratio is small, the relative value of the
induced alr momentum 1s.sm11 as compared with that of the motor air,
hence the net thrust ratic is further from the posasidble valus of 1,5,
The results of the tests 'on Desigzn 2-4 proved that the total in-
crease in the thrust of Deslgn 2, above that of the nozzle alone, was
due to the decreased pressure acting upon the surfaces of the entrance
f°.m" This shows that in the design of an augmentor, great care must
be ta-lﬁen to cause the force dus to the accelsration of the induced air
to rezister upon the apparatus; since, in the case of Design 2-4, no
inerease was affected above the thrust of the nozzle alone, The fact
that the thrust of Desigzn 2-4 was slightly above that of the nozzle
alone needs some explanation, This was most probably caused by an in-
creagse in the volume of air discharged by the nozgzle when encased In
the air tu‘oe.. The lowered pressure of the high velocity induced aii',
surrounding the nozzle, would tend to decrease the back pressure
acting upon the nozzle and cause ite discharge to 1ncrea.se..
In the opinion of the writer, better results wnld have been ob-
tajined shonld the area of the entrance form have been larger, be-
causs, according to theory, an impnlse equal to the fuil value of Jé‘ uv |
of the induced alr could gnly be obta.imd. ghould the area of the Iﬁ'
entrance form be infinitely large, However, a large proportion of !
the impulse was obtained because the velocity of the induced air, as - |
1t'a.pproached tha entrance, is negligible until in the immediate
vicinity of the entrance,
It is intereating to note the effect of a constriction at the

mouth of the air tube upon. the operation of the augmentor, When the
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area of tho fouth tﬁ;s rednuced by half, the thrust was reduced to lees
then mv; i@; grigiml va'.l'ue; ¥ith the mouth eatirely closed, very
_ 11“’-1{ %ﬁ;:&a obtained although the nozrle was discharging its
mmj. nﬁe, The t.hrust of the nozzle was counterzcted by the re-
duced pgeg:m acting upon the constriction in the mouth of the air
tu‘bé. 'l.h;?resaura a.t; this point was reduced to such an extent that
fullair ;_;asme oould not be used because of excessive bowing in
of théplymod. Regular vidrations wers gset up in the augmentor
duri_pg _gh_e_la.ttar test,

”‘\I:he"results of these tests are valuable only as they offer a
ba_s'is_- for a logical anproach to the prodblems met in the deaizn of
ths a:ugmontor. The pradtica.l value of these designs 1s very small
dus to the low thrust ratios obtained,

The thrust ratios obtalned by the Melot augmentor as tesied by
Jacobs and Shoemaker! were somevhat larger than those of Desimm 2,
In the oplnion of the writer, the design produced by Schmidt is an
improvement over the Melot angmentor, Thrust ratins of approximate-
1y 1,65 were obtained by Schmidt as compared with 1,5 by the former,
The reason for thies increased performance, in the opinion of the
writer, 1s that the Schmidt aungmentor raises the velocity of the
induced air to a large value before the mixing process, in this way
reducing the veloecity difference between the induced and motor air,
This increa.ses the efficiency of the mixing process by reducing the

losses of impact, Should the areas of its entrance forms have been

large, apparently better results would have been obtained,

lT_gsts on Thrust Agg' énto_ra for Jet Propulsion, Jacobe and Shoemaker,
N,4,C,A, Technical Notes No, 431, 1932, :
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Conclusions

It w bp eonc}.nd.ed that the thrust augmentor has promise of
the energy of the motor gases can be efficlently

pd to the induced air, This not being possidble to-day, the
present ?ﬂi’n{ ::f aogmentor is unsuitable for application ag a pro-
peller, ‘I‘hare seems to be sufficient grounds upon which to base
expeetation that this may be accomplished in the future, The reason
for tﬁsfailure. at present, is due to the condition of inelastie
impact betwsen motor gases and induced air, Although the impact of
the alr ﬁasses are inelastic, the individual molecules comprising the
nixture are perfectly elastic so far as sclence can determine, Also,
e confined body of air is perfectly elastic in an adiabatic process;
therefore, the fact that the impact between the motor gases and
induced air is inelastic mst be the fanlt of the method of nixture,
Although sclence knows little about what actually takes place
during such a nmixing process, it may be profitable to attempt an ex-
planation of the phenomenon in an effort to produce & working theory,
Apparently the mixing of the induced and moior alr is caused by the
interchange of molecules in their stats of violent agitation, The
molecules of surrounding atmosphere would then enter the stream and,
in being accelerated with i:he stream, their inertia wonld cause a force
againgt the moving particles, setting up momentarily a pressure be-
tween these particles, The pressure would then cauee an expansion

in every direction until the condition of normsl pressure is again

reached, In this process much energy would be lost, This idea may

T

e e -
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be better explained by considering the type of impact occurring be-
tween the individual molecules, |

Conglder two molecules of air, A and B, each of mass ¥, ine.rged
to the eize of billierd balls, Llet A remain stationary while B
approaches it with velocity V., Let these molecules act as would the
average molecules of a large body of air, The chances of. a direct
nit would be small, the averags molscule striking with a glancing
blow,"the angle of céhta.ct of the two mieculas Yeing somevhere be-
tween O and 90 degreece, It seome plansidle that the average molecule

would strike in the middle of the two extremes, in vhich case the

—+

angle of contact wonld be the angle whose sine is or 30 degrees,

2
as shown by Dlagram 9,

Aseuming the impact to be perlectly elastic and the surfaces
frietionless, half the kinetic energy of molecule B wourld be absordad
by molecule A, the direction of motion of & after impact being 30
degrees from the initial direction o2 motion of B, The direction of
B after impact will be 30 degrees to the other side of the init,iél_
direction, The enargy of B before impact was % MY? and after impact

would be % MV?, its component of velocity in the initisl direction

baing‘/—%- +» 1ts energy component in this direction is then:
LM 1o
4 2 =g W,

The same conditions are preosent in the case of moleemle A; so that
the combined energy of the two molecules is now 15 MV®, their ererzy
componentes in the initial direction being i- Mv3, Thias ia the condition

of total inelastic impact since the ensrgy components 90 degrses to

el demy
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the initial direction are unavailable, The sffect of the components
of motion of the molecnles at right angles to the initial direction
ts similar to that of molecules of plastic materials such as clay
and putty duriﬁg iepact,

This plastic action, according to the above resasoning, is due
to the inefficiency of the mixing process, and the problem would then
confine 1tsal? to redirectinz the molecules of air so that the energy
of 1ateral motion could be regained, This problem, in the opinion of
the writer, is not without solution and may well be the object of

another set of experiments or thesis,

R S
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