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SUMMARY 

A theoretical study was made of a Diesel engine-compressor- 
turbine combination for aircraft application. The performance char- 
acteristics of the compressor and the turbine chosen for the analysis 
are believed to be attainable on present aircraft equipment. Maximum 
cylinder pressure, mrtximum exhaust-gas temperature, snd maximum 
engine speed were limited to values now obtained on spark-igni.tion 
enginzes. The analysis indicates favorable performance characteristics 
for the proposed power plant for the following combinations of condi- 
tions: 

(a) Extremely high engine inlet-manifold and exhaust-manifold 
pressures 

(b) Very lean fuel-air ratio 

(c) Low engine compression ratio compared with conventional 
Diesel engines to reduce the maximum cylinder pressure 
to a safe value 

(d) Intercooling between the compressor and the engine 

(e) Use of turbine power in excess of that required to drive 
the compressor 

The results indicate that it would be possible to obtain much 
more power per unit displacement volume with this combination than 
with a spark-ignition engine of the same maximum cylinder pressure 
and engine exhaust-gas temperature. When the proposed combination 
was assumed to operate under these conditions, the computed specific 
fuel consumption at maximum power was lower than that now obtainab.le 
with spark-ignition engines operating under a lean-cruise condition. 
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Because of the internal cooling provided by the large quantity 
of excess air in the proposed system, adequate engine cooling would 
be considerably easier to obtain than for a conventional Diesel engine. 
The weight per horsepower output of the combination was calculated to 
be less than that of a conventional spark-ignition aircraft engine. 

INTRODUCTION 

Considerable work is being done on the combination of the spark- 
ignition engine with 3 turbine and a compressor to increase the power- 
plant efficiency and performance. 

The occurrence of fi;el knock prevents a spark-ignition engine 
from operating at the high inlet-manifcld and exhaust-manifold pres- 
sures and the lean mixtures that are necessary to obtain maximum 
performance. The Diesel engine is not limited by this fuel-knock 
condition and, when operated in conjunction with turbine and compres- 
sor, presents the possibility of considerably better performance than 
nn equivalent system incorporating a spark-ignition engine, 

The main objections tc the epplicaticn of the Diesel engine to 
airplanes have been the high specific weight and the large amount of 
external cooling required. Combinations of Diesel engine, compres- 
scr, and gas turbine have been proposed for marine use; one system 
already being successfully used is described in reference 1. The 
present analysis, made at the Aircraft Engine Research Laboratory of 
the NACA during tha surr;mer of' 1943, is the study of a combination of 
similar components to be applied specifically to aircraft and reveals 
how the system would eliminate most of the serious difficulties 
involved in the USC of a Diesel engine alone. 

The purpose of the analysis in this report is to show the per- 
fcrmance that may be possible with a current aircraft spark-ignition 
engine modified to operate on the Diesel cycle in combination with 
a compressor and a turbine while adhering to the current limitations 
on maximum cylinder pressure, engine speed, and exhaust-gas tempera- 
ture. Curves are presented that show the performance for various 
engine inlet and exhaust pressures with and without the compressor 
and turbine geared to the engine shaft, The equations used in the 
analysis are derived in the appendix. 

The values for the weights and the efficiencies of the compon- 
ents of the system used in the analysis are characteristic of current 
practice. The system majr be built around ccmponents that have already 
reached advanced stages of development for aircraft use, and their 
adaptation to the proposed system should be a relatively simple 
problem. 
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NUALYSIS 

In the first part of the proposed cycle the air is compressed 
in a supercharger, intercooled, 
high pressure, 

and introduced into the engine at 
In the engine it is further compressed to the maxi- 

mum cylinder pressure; the fuel is introduced, burned at constant 
pressure, and the mixture is then expanded. The compressicn ratio 
of the engine is so computed as to provide the desired maximum cyl- 
inder pressure at the end of the compression stroke, At the end of 
the expansion stroke the gases are exhausted at a high back pressure 
into the turbine and thence to the atmosphere. The amount of fuel 
introduced is limited by the condition that the exhaust-gas tempera- 
ture does not exceed a value considered safe for turbine operation. 
For additional power the exhaust gas could be discharged realwardly 
from the turbine to obtain jet thrust, 

Whon the engine back pressure or the turbine inlet pressure is 
made equal to the engine inlet pressure, the turbine power is nor- 
mally groster than the compressor ?owsr; for this case, the coupled 
turbine and compressor are corn ectsd by R ge;r-reduction unit to the 
engine shaft, and the oxc~ss pcver is added to the engine power for 
driving the propeller, If the engine bt!ck pressure is less than the 
engine inlet pressure and is cf such value that the turbine and the 
compressor powers are equa?., 5-t would not be advantageous to gear 
the turbine and compressor to the engine shaft and these two cdmpon- 
ents become a turbosuperchargor. The loss in turbine powor in this 
case is partly compensated by the increase in engine power that 
results from the reduction in back pressure. An optimum back pres- 
sure exists at which the net power Is a maximum. 

With additional engine modificati,nns, the system can be oper- 
ated on R two-stroke cycle. Vith this type ,)f operation, the engine 
back pressure should be loss than the engine inlet pressure to permit 
scavenging of the engine qlinders. Two-stroke-cycle cperation, 
which is veil suited f>r the Diesel cycle because no loss cf fuel. 
occurs during the scavenging process, further increases the power 
output obtainable with this system. 

The cycle for the prqpo%s ed system is shown diagrammatically in 
figure 1.. The air 1s first ccqressed from points 1 to 2 in a turbo- 
supercharger, intercooled from pnints 2 to 3, and'introduced into the 
engine under high pressure at po'nt 3. in the engine it is further 
compressed to the maximum cylinder pressure at point 4 where fuel is 
injected and combustion is started. The main part of the combustion 
process occurs from points 4 to 5 at constant pressure. 
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in. order to show more clearly the possibilities of the proposed 
cjwxml, an abcraf t er_gir,e xtk? a displacement of 1620 cubic inches 

lln. _I and modlI?_ecL to opl;-rate as a i!-iesel engine in the suggested manner 
was cor_s?.do-L-cd. The contiFtl.ons applied in thti cal.cd.ations of t?x 
p.2f ormance of tl?_e system 33x-e (1) tkit the r;axi.mum cylinder prcs- 
sure did not exceed a ~~1-23 constdera2 saft- for ccrrtint spark-ignition 
en$nzs and (2) -Sat tli,: exhaxrt-gas tempera-La-~2 did not exceed a safe 
value fo- txrblce operat9on. 

The foilowing erc tk assumed operating conditions: 

Max%mvm cylinder prosswe ~4~ p0~x-d Bcr squs-e 4nch . . 1200 
Piaxim;m ttimpcratws at tv.rblne inlet qg9 OF absolde . 2260 
Engino displacement V,, cubic inches per cycle . . . . . 1820 
En@nz spr;ed M, rpm" ................. . 2400 
Compressor offlCiC2Cjr ?r9 percent .......... . . 70 
Turbine cfficlexy q,,> pcrcsnt . . . . , . . . , . . . 
En&x mochznisal efficiency qo, pcrccr;t . . . . . . . 
Rodl.di,on-gssr efficfcncp v-j peyscnt . . . . . . . . 
Intercoolor cff0ctiveness pb. . . . . . . . . . . . . . 
Exponerit n for compressi_on iil 0ngl.m . . . . . . . . . 
Fk-poncnt n' for oxpazslon in eng-inc . . . , , . . . . 
zp-c: j.7 e 1-c i c-;?+" :.: ua- . b “69 po-5!3 .  .  l .  .  .  .  .  .  .  .  .  .  .  .  Eer-ip-L-oc&i or* J ~rL,j-COmprCssOr TEi@t (for air !.n.jcctlon of fix 

Jr '1-c 9 pm-Tlds . . , . * , . . . . . . a . . . . . . . . 
SpocifFc ve-i+t of L-ad: auxiliary ccm?ol?ent: 

'I'::rb ir,e 'T-i; 9 pord per horsspcYier . . . ‘ . . . . . . 
Compresscr wc 9 pov?_n_d per horsqover . . ( . . . . . 
Reduction. g3ars 17 ~9 pomd per horsepover . . . , . . 

:l‘ 

. . 70 

. 07.5 

. . 90 

. 0.60 

. 1.42 

. 1.20 

. 1375 

. 230 

, 0.30 
. c.20 
. 0.25 
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The values of the polytropic exponents n and n' were 
chosen after a study was made of indicator diagrams taken on a 
Diesel engine (unpublished data on the modified NACA universal test 
engine described in reference 2 taken at Langley Field, Va., in 
1931). The expansion exponent of 1.20 indicates the existence of 
further combustion after injection is completed; in the calculation 
of the fuel consumption, the fuel burned during this process is 
added to the fuel burned during the constant-pressure process. A 
Diesel fuel, dodecane, was assumed to be used with an effective 
heating value of 19,450 x (1 - F/A) Btu per pound in the range under 
consideration when determined by the method outlined in the appen- 
dix, where F/A is the fuel-air ratio. This method accounts for the 
variation in the composition and the specific heats of the mixture 
throughout the cycle. The constant-volume iower heating value of 
dodecane was taken as 19,150 Btu per pound at 60' F. 

The compressor and turbine efficiencies listed are character- 
istic of modern compressor and turbine performance. Higher effi- 
ciencies, when they are obtained, will yield greater net powers than 
sthtea in this report. The weights of the components are also rep- 
resentatlve of present equipment and are believed to be conservative. 

The density of the fresh charge in the cylinder before it was 
mixed with the residual gas was assumed tj be equal to the density 
in the inlet manifold. This assumption can be made inasmuch as the 
errors that are introduced will be compensated for by the air which 
is added during the fuel-injection period; this injected air was not 
considered in the computations. If liquid-fuel injection is used or 
if the engine operates wi.th a low volumetric efficiency, the power 
output of the system will be reduced according to the decrease in 
air flow. 

The method of analysis, in general, was to vary the inlet and 
the exhaust pressures of the engine and to compute in each case the 
powers of the various components, the fuel consumption, and the over- 
all weight, subject to the conditions listed in this section. The 
net power was taken as equal to the engine power plus the difference 
between the turbine and the compressor powers multiplied by the 
reduction-gear efficiency. The equations used in this computation 
are included in the appendix, 

DISCUSSION 

Figure 2 shows power, specific weight, specific fuel consump- 
tion, engine compression ratio, and fuel-air ratio at various engine 
inlet pressures for the illustrative case at sea level in which the 
turbine and the compressor are geared to the engine shaft and the 
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engine inlet Tressure is equal to the engine exhaust back pressure. 
A turbine and a COqil73SSOiT, each with an efficiency of 7C percent, 
are assumed to give the desired engine inlet pressure. In order 
that the max.im~m cylinder pressure of 1200 pounds per square inch 
will not be exceeded, the engine ccmpression ratio must be decreased 
as the engine i&et pressure is increased. The loss in efficiency 
because of this reduction in the coml3ression ratio of the engine is 
pa.+ly compensated for b;r the additional compression and expansion 
in the turbine and the compressor, and the net change in specific 
fuel consumption is small. 

As the cng?ne inlet and e,xhaust pressures are increased, the 
net power OUti;;2> increases in the range shown in figure 2. When 
the inlet presslze is increased above 4 atmospheres (all atmospheres 
are conside-?ed to be at sea level), the net power increases only 
SlOWl~~ J, r,'iiereas compressor and turbine powers 
From practical considerations, it does 

inrvreaoe more rapidly. 
not appear feasible to operate 

at engine inlet press!Lras much hi&er than 4 atmospheres. If 'c?l3 
tUrbinc and the compressor efficiencies are incl -zased considerably 
above 70 percent, the gain in net povor and effi cicncy at -pressures 
above 4 atmospheres mas be sufficient to -warrant the additio:nal dif- 
ficul%y of operating at those hi$lCr engine inlet prcss:!res. 

At an engine inlot $ressvzc of 4 atmospheres, the SF-ific L JLJ 
wei&t cf the power plant is rodu;ed to l.OO pound per horsepover,, 
which is 0.25 pcvnd per horsepower less than that of 2~0 ori ginal 
spark-ignition cnglne around which the proyoscd s;-stem is ass;:zied 
to be built. 

The :linizrz:n specific fuel consvmpticn is obtained at an engine 
inlo+ ,-manifold yreasure of 1 atmosphere, wl~~icl; corresponds to no 
i2 ulyj e i- dart 5. T;; . T'!z!e cnglne comjjrvo I ,* 3, . = -s ion ra-~10 ‘LII tnls case 1s . 22 and 
';ht; fuci-air rat:3 app:-0achGs -;Le val:>c for "vile theoretical mixture. 
It is vt'~~y dcu-;-Lful rs!~3icr most ~71 tile fuel could be burned au Con- 
stant nrcssme in practice and it vovld he nzcossary to reduce the 
coml3ress_on ratio btilov that given to prsvcnt exceeding the maxi_l?llm 
allcwable c:ilinder prcssurc. This reduction in coin_presaion ratio 
would be acc,>mpsnied bp a corresponding increase in specific fuel 
consvmytion. 

The fuel-air rati. dccrcascs as the ongino irLet prsssui:e is 
increased and, at a p cssuro *of 4 ntmosnh-,-WS i ILL th.2 
with conside:-able cxccss air. Th3 clcax-ame :olumc 

system operates 
of the proyoscd 

engine Tiith a hi@ fnlct pi*cosCc must bo mucli ggcater, for a, Given' 
maximum cylinder prcsslvre; tllail th cloaranco vOlUt3.o of the COnVCn- 
ticnal Diesel engine operating on a lower inlet preasurc; conse- 
quontly the rate of volume change during expansion in the en@nc 
is 1ot~G for til L~ s,eme engine spood and constant pressure may bc 
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Although the elimimtion of the intercooler would result in 
consicerzble 11~s of maxims power, a gain in efficiencg would be 
effected when the twZoinc an6 the compressor are geared to the 
eq$.ze shaf':, aE: indicated by the followiq, t?blo calculated for 
engine idet-mnifold an8 exhaust-manifold press:zes cf 4 atZlOSphCrCS 
for sea-level operation. 

If i t?l kTi thout 
?.L-Ll-isrsooler intercoolcr 

2054 1413 
1779 1205 

616 465 
922 695 

3.530 C.296 

1 .m 1.39 

In the weight calculations throughout the report, no allowance 
has been made for the wei@t of the inkrcooler. At an cqyinc: inJet 
prcsszre of 4 a%mosphcres at sea level, the weight of the- &ter- 
cooler is es-k-ted at 1~1s than 0.04 po~~.d per horsepower odput, 

At hi& altitudes tke perfozmznce given in figure 2 could be 
obtained by an additi.on,al turbos-dpercharger and intorcooler for 
maintaining sea-level atmospheric conditions at the main compressor 
inlet and the main turbine exhaust. Th3 power in the- exhaust gas 
iascing from the main turbine would be mere than enough to operate 
the auxiliary tarbosupercharger. 
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at an inlet pressure of 4 atmospheres when the exhaust back pressure 
is varied. At both sea level and 30,000 feet, little difference in 
net power output exists between the case in which turbine and com- 
pressor powers are equal and the case in which engine inlet and 
exhaust pressures are equal and the turbine and the compressor are 
geared to the engine shaft. Decreasing the back pressure to a value 
that results in equal turbine and compressor powers increases the 
specific fuel consumption but decreases the specific weight of the 
system. 

In figure 4 is shown the performance when the turbosupercharger 
is not geared to the engine shaft and the engine inlet pressure is 
allowed to vary. Although the turbine power is lower than that shown 
in figure 2, this loss is -partly balanced by a gain in‘engine power 
resulting from the reduced back pressure. This type of operation 
offers the practical advantage of eliminating the gearing between the 
turbosuperchargor and the engine a-d the system becomes more flex- 
ible; the principal difftrence ,is that the specific fuel consumption 
is slightly higher. 

Examination of the curve,s in figures 2 to 4 indicates that 
theoretically more than 2OOC horsepower may be expected from an 
engine with a displacement of 1820 cubic inches when operated on a 
Diesel cycle in the proposed msnner without exceeding the safe max- 
imum cylinder pressure for current engines or the s&e exhaust-gas 
temperature fcr currsnt turbines. This power is obtained with a 
specific fuel consumption of 0.:330 pound per hcrsepower-hour and a 
net specific weight of 1.00 pound per horsepower when the engine is 
operated at an inlet pressure of 4 atmospheres and with a fuel-air 
ratio of 0.037. The maintenance cf safe cylinder temperatures is 
favored by the low fuel-air ratio. 

If an c;xciss amount of scavenging air is used for cooling the 
tingine cylinder and for reducing the exhaust-gas temperatures for 
safe turbine operation, it may be possible to burn more fuel and 
generate more power in the engine, NC appreciable reduction in 
efficiency will result because most of the power for compression of 
the excess scavenging air will b*e realized in the turbine. Even 
further increases in power and reductions in weight could be 
expected if the Lngine were operated on a two-stroke cycle to which 
this system readily lends itself. 

For part-load operation several methods cf varying the power 
output are possible. The ?owor may be rcduccd by decreasing the 
enginc speed, the engin, inlet-manifold pressure, or the fuel-air 
ratio. These methods require that one or mcri of tht following 
items be adjusted: the turbine-nozzle area, the compressor Q/YJ 
(VO~WII~ flow pur rpm) for efficient o-peration, or the relation 
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bstwocn the turbine, the compressor, and the engino speeds. Addi- 
ticnal study is required to roveal the method of Tower control that 
provides maximum efficiency without excessive mechanical complication. 

Tho proposed power plant, in goncral, retains the desirable 
characttzristics of a Diesel plant without the main objectionable 
features - high specific weight and largt: emount of external cool- 
ing - ccmmonly associated with aircraft Diesel 6ngincs. The mochan- 
ical f6aturos of ths Rropos6d system will undoubtedly neod somu 
dctailod study but, inasmuch as the system gonvrally lands itsilf 
to the us6 of aircraft cquipmcnt th:.t has already rcachod advanced 
stages of dcvelopmcnt, the problcmo of adaptation ::honld bc rtila- 
tivLl.y simple. 

In the prcpos& DiGsol cngir Iti-coml?ressor-turbine combination, 
based on an engine with a displnccmont of 1820 cubic inches, a 
maximum cylinder prc,ssure of 12CC pounds ptr square inch, 3 maxi- 
mum exhaust-gas tempcraturc of 1600c %, an ingini apecd of 2400 rpm, 
cquippod with an auxiliary t.urbin G and compressor with officicnc.tis 
of 70 porcont each, and with conservative sssumpticns regarding other 
operating conditions, the following porformancr; characteristics may 
bo obtained: 

1. With an cnginc inlet pressure of 4 sea-level atmospheres, 
the not power output of the system would be approximately 2000 horse- 
powor at a lower specific fuel consumption than is now obtained in 
the lean-cruise condition on tho conventional spark-ignition engine. 

2. With four-stroko-cycle ungino ogcration, the specific weight 
of the system would be reduced to 1 pound per horsepower with an 
engine inlet prcssuro of 4 sea-lcvcl atmospheres. 

3. Increasing the engine inlet pressure would increase both the 
compressor and the turbine powers but, if this inlet prossurc were 
increased beyond 4 sea-lcvcl atmosphorcs, only a small increase in 
net power would result at the expanse of highor specific fuel con- 
sumption. 
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4. Tho fuel-air ratio required to provide 2000 not horsopowor 
at an engino inlot pressure of 4 sea-level atmospheros is 0.037. 
Bocaust' of the lr:rge amount of excess air at this mixture tho prob. 
lcm of cooling should bc simpler than for the conventional Diesol 
englns zt the same specific power. 

5. Drcroasing the cngino back prcssurc below the inlet prus- 
sure to a value that makes the turbine and the compressor powors 
oqua3 would incroaso tho specific fu-cl consumption and roducc the 
turbine poller and the over-all specific woight of the system, but 
the nat power out-,ut wt~uld rumain substantially thti same. 

Aircraft Engine Rsscarch Laboratory, 
Kational Advisory Committoo for Aeronautics, 

Cleveland, 0hi.c. 
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APPENDIX - DERIVATION OF IWATIO~~S APPLICABLE 

TO THE PROPOSED CYCLE 

Symbols 

B ratio of volume of gases in the engine after combustion t0 
volume before combustion for the same temperature and 

pressure, 
R'BT 

tq 

C specific fue:L consumption, .Lb/bh?-hr 

c fuel consumption, lb/set 

cP specific heat at constant pressure before combustion, 
7.72 Btu/(oF)(slug) 

%' specific heat at constant pressure after combustion, 
9.60 Btu/('F)(slug) 

I 
CV specific heat at constant volume after combustion, 

Btu/('Fj(slug) 

F/A fuel-air ratio 

h effective heat value of fuel, Btu/lb 

i intercooler effectiveness 

J Joulels constant, 778 ft-lb/Btu 

M mass flow of air through the system, slugs/set 

Me mass flow of residual gases and induction air in the engine, 
Slu@/S"C 

Mf mass flow of fuel, slugs/set 

Mr mass flow of residual clearance gases, slugs/set 

% total mass flow of mixture and fuel in the engine, s.lugs/sec 

n exponent for polytropic compression in the engine 

nf eqonent for polytropic e.xpansion in the engine 
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M ellgirle speed, rpm 

P pressure, iS/sq in. absolute 

P horsepower 

R gas constant before combwtion, 1715 ft-lb/(°F)(slug) 

R' gas constant after combustion, 17211 ft-.lb/(oF)(slng) 

r engine coqression ratio 

T temperature, OF absolute 

V specific volume, cu ft/slug 

v volume, cu in./cwle 

w specific weight, lb/&:, 

iii we ign t , lb 

Y ratio of ,qecifi.c heats before combustion, l.l:O 

Yt ratio of specific heats aitcr combustion, 1.30 

r efficiency, 2ercen-t 

qe engine mechanical efficiency, nercent 

Subscriots* A. - 

1 to 11 (points of tile cycle (fig. 1)): 

1 atmosoheric air 1 ' 

2 aftor comx-ession in compressor 

5i after interco,ol,iw c2 

3 mixt:tre i,eforc compressions in the en;-ina 

j-4 after com3ressio:i in t:ie engine 

5 end of constant-p.res:xro cxx3ustion 

6 end of ex;?ans:i.on 



7 i;l c,ylinder after i;lowdown 

8 in cylin,ler Sefore intake valve is opened 

5, in cylinder after intake valve is opened 

10 turbine inlet 

11 turbine exhaust 

a (during constant-pressure combustion 

b during po1;~tropi.c ex;sansion 

C  compressor 

d di sp1acemen-t; 

e enpi:ie 

s fUC!l  

F  reduction gears 

N net 

r resid!lal pases 

TC roci?rocatinr mnoressor 

t turYi.ne 

'T total 

The prime indicates the value during and after comhstio~~. 

Zquations 

The compressor pov;er for a pressure rati. of "2Pl is given 
bY 

, bW( sec>/(slug> (1) 
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and the temperature after compression by 

, OF absolute (2) 
The temperature after il:torco,3ling vtith an intercooler of effec- 
tivenes.s i is 

T- 
3i. 

= T2 - i (T2 - Tl), oF absolute (3) 

For a maximum temperature at the turbine inlet TIO the formula 
for the turbix oower is 

, (bh?)(sec)/(sluf;) cd 

where “7 is the engine exhaust back pres,xu'c. :-then the turbine 
and compressor power:; are oqkL, the eni:;ine back ~~rcssure can be 
found from ::quat.ion (b.j by setti :li’, I?+$: = I?,& (equation (1)). 

is related to the total volume 
“3 

from which 

-% 
Vd 

= - L/n ' cu in./cycle (6) r 
(PJ,/P~) -1 

The residual gases .Le ft i.n the cylinder arc c3m?x'esr,ed from xes- 
sure p7 to p2 by the frr-sh charge after the inlet valve is 
onened. The volume of tilt rssi dual gas aftcr tllis cox;~ression is 

given by the a:i-i.abatic forml~la 

where VI, = q). ._ 
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&ring the intake stroke the mass of air drawn irlto the cyl- 
inder for four-stroke operation is given by 

l\lI = (v3 - v9) P&2 

60 x12 xRxT 
, slugs/see (8) 

3i 

The initial mass during the engine cycle is 

Me = M -t Mr, slugs/set 

and the Lotal. mass at the end of the eqansion stroke is 

x- I = M + M, + MT = %f(l + F/A) + Kr, sLgs/sec 

(9) 

(-J-o> 

where the m2ss of residual. f;,ases lUr is 
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where 

B = p;F x g- = 
iv;(l + F/A) + 16, R' X- 

-e M + @  r R 

For a very close aporoximation (applicable to lean mixtures) 

Solution of equations (12) and (11:) for p6 gives 

p6 = P2 y' ~!-";;-'[zlJj , lb/sq in. 05) 
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Nearly all of the fuel is burned during constant-pressure 
expansion so that the temperature T5 before polytropic expansion 
to give Tb at the end of the stroke can be given by 

n'-1 
n' 

, OF absolute (20) 
The fuel consumption during the constant-pressure expansion 

is 

'a 
= $!!i! (TS _ TJ+), lb/set (21) 

and during the polytropic expansion 

(22) 
If an accurate value of thn fuel consumption is desired, an 

effective heating va3.uz 
bc calculated frjm dn 

11) for use in eT;ations(2!.) and (22), can 
analysis oi' t?-le c?/cl_e j nvo?,vinFr variable 

values of %' 7, aA R. An ei,;:3iricaL equs Gion ap~l.icable only 
to this ann1ysj.s was fxm-? ,2ld, -i:i Lkl~: rang~2 iindcr consideration 
for tfle il!ilstrz~ti ;e case, h was i'c~xd. to bc lg,!j.ij'O X (1. - 'ii'/iI) 3tU 
per pou:ld i'nr dodecdne. T!lo total :i'u?L consz:;;?tion WLil then be 

c = Ga + c,, , 3h/sec (23) 

With the mass II frorr, equation (q), the compressor and turbine 
pointers can be faund from equations (1) and (llj, respectively. 

Thr: engine brake 5orscpower fox the f0re~;oi.r-g conditions is 
gtven by the following fcrmula, which ~LS a sucna tion of the powers 
for each of tile processes during the cycle: 
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Tile net povr~r of the system xi.11 be 

PN = P, -t qg (Pt - PC>., bhp 2 (251 

T!ie specj-fit fuel consumption for the system becomes 

c 
c = p x 3&X, lb/bhp-hr (25) 

PJ 

and the fuel-air .ratio is given by 

F/A = -L- 32.2N (2:) 
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Figure 1.0 Cycle of Diesel engine-turbine-compressor System, 



1 4 3 4 s  7 8 
h& l8  inl+?t ~‘e66U’e, 6e6- leVe1 6tXilO6~6%‘66 

Figure 2. - Performance of a modified aircraft engine with 1820 cubic-inch dis- 
placeme!ht equipped with geared turbine and compressor and fuel-injection equip: 
ment  for sea-lev,el operation with engine exhaust pressure equal tc  engine inlet 
Pr666Ure. 
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0 1 2 3 4 5 6 Engine exhaust back pressure, sea-level atmospheres 

Figure 3. - Performance of a modified aircraft 
engine with 1820 cubic-inch displacement equipped 
with geared turbine and compressor and fuel-injec- 
tion equipment with engine inlet pressure equal 
to 4 sea-level atmospheresb 
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