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. CAICULATIORS OF THE FERFORMANCE OF A COMPRESSION-IGNITION

ENGINE-COMPRZSSOR TURBINE COMBINATION
II - PERFORMARCT OF COMPLETE COMBINATION

By Alexander Mendeleon

BUMMARY

. Caloulations based on test data taken on a single-cylinder
‘compression-ignition engine with & comproselon ratio of 13.1 and an
engine speed of 2200 rpm were made to deteimine the performance at
sea-level conditions of a cumpreeelon-ignition engine geared together
with a compreeeor end & turbine. The maximum cylinder pressure wae
assumed constant at 1407 pounds per eguare inch swd the effects .f
fuel-air ratio, coczpreasion ratlo, ezhaust hack preseure, and engine
speed on the perfurmance of the combinatlon were deteiminad, The
anelysis indicatei that the net specific p.wer ovtput increased with
decreasing compresclon retio and incremsiay fuel-cir ratlo and engine
speei. At s eng.ue spyoi of 2200 rom and compro.ssor erd turbine
effictenciee of 0.70 ani 0.65, reepoctively, a minimum net epecif'ic
fuel consumption of aprroximately 0.40 pound per net horeepowor-hour
was chtained. Increaeing the compreseor and turhine eff'iclenciee to
0.85 decreasad the miniun net epec!fic fuel concumption to approxi-
mately 0.32 pourd rer net horr-poweor-hour. Dec:aasing ‘he ongine
spesc. to 1200 rpm decrensed the minlmm net speci:’ie furl consumption
to 0.37 pouad per net horaepo.wre-hcus when the compressur and turbine
-effiziencies were 0.70 cud 0.65, respwctivuly. Ccumperison with a
comproseion-ignition engine using a turboeupercharger snowed thau
little could de galned by gearing the turbine tu the engine, provided
the turboeupercharger could be stably opersted with a cloeed waste
gate.

INTRODUCTION
The use of Jet-propelled aircraft has aroueed great current

interent in eystems for alrcraft prowuleion tkat utilize gas turbines
as the prime movers. (See references 1 and 2.) One of the principal
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- i:nﬂnﬂonl in the use of gas twrdines in the energr-conversion process

- 4@ Whe laok of materisls that withstend gas tcmperaturss above apirox-

" fwmbely 1600° F. In order to maintain the temperature below this limit,
& large emount of excesa air muat be supplied, vhich decreases ilLe
nex'sy per pound of pas that oan be extracted by the turbine end conse~
quently ssriously reduces the net nower outnut of thre system.

A dual power unit consisting of a highly supercharged comnression-
ignition engine goared to a turbine has been proposed., (See referw-
ences 1, 3, and 4.} The compresalon-ignition engine can oporats at
hizh pressures without the ocourrence of knock end nreignition and in
the design of the enginc soms control of tho temperature of the gas
enterinz ths turbinc can be elfected by varying the fuel-air ratlo of
the mixture burned in the sagine, 7TLs desipn oporating conditions of
tiie system can bo so adJusted that ths turbine, supplicd with the
exraust gas from ths sngino, will oproduce a large provortion of the
power,

Teat flata on ths performancs characteristics of a highly sujer-
cherpzed cormreasion-ignition ergine, as woll es informotion Ior the
calculation of rolezse temreratures uné prossures, arc ;resontsd in
referencs 5, At mixtures ricks: than ztolohiomotric ths snorgy in ths
extaust gas of a cxnuression-igrition cagine is sliovn to be in excess
of that nseded for msuperchrrsini. No attenpt ia miés in reference 3
to estimate tiie Derformance of “us ergins-turbine combinetlion.

Ths calculetions preasented heroin wers therefore mads tc detormine
the performence of a compresslon-ignition sngine, a turbine, end a
campresgor gsared togsther. Ths calculations ave basud on the data
presented in refsrence 5, IIo data as to tho eflect of exhaurt bacl:
proagsure on volunotric efficiency were evailasble; tliercfore & thoo-
retical eguation given in referonce & wns used. The offects of fuol-
alr ratlo, camprussion ratio, engine vack prossure, and englne spoed
on tho nerformancc of the combinetion wore computol to £ind the cper-
ating conditinonag for minimun specific fuol comsumdtion. Tho differonce
betwecon tho results of the thoorctical analysis of tho »urformarco of
a oomyrcssion-imnition engino-cmpregscr-turbine carbinatiosn revorted
in relference & and the results obtained in the »reseunt investinmticn
is discussed.

ABALYSIS

Caloulations based on test data from reference 3 &t a comnression
rotio of 13.1, at en engine s»ssd U 2200 rim, and at NACA standard
ssa-lovel conditions were made to determine tho net specific powen
outnut of the compresalon-ignition engins and ths turbine and the nowver
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” dnpuit to the suporcharger. The data taken at this comnression ratio

~ were extrapolated to other commression ratios. REfficiencies of T7G
‘snd 0,65 were apsuned for the compressor and the turbine, resoectively.
These eficiencien take Into account tho gearing eflilclency. For ono
pet of calcuiations the compressor and the turbine efficiencics weXe
raised to 0,85. An intercoolsy of 80 porcent effoctiveness ves
apgumcd. in all calculations., The net specific power output phn  of
the ccrbination is given by the relation

. pbp = bup + thp - sip
" bhip ' breke horsepower of compression-ignition engine per cublie inch
' . of ergine displecenent

Py

““4ap “horsepower output of tuwrbine nper ovbie inch of eagine
- - displacement

shp " boresnower reguaired by gugpercharger ner cubic inei: of englue
digpiacement

e net specific fuel consunps.on nsfo  cen thea bo found by tue
egquation
i

asfo = !sic T

_ imfc ndicated gpocific fusl conswtion W cummae 253 m-1gnition
engine

‘thn  indicated epecific rorsesover F caompression-iyEtion snglne

The meximum cylinder progsiiie in ali cele:latisa wan asowmd
constant &t 1400 pounds rer sq ar: 1cu. Inles-sir prassires of 70,
€0, 90, axd 150 incher of mererry Bucolite wore neswed, with the
foliowinr compreas.on rating auaried In ench cass ) Sive a aox
cylinier yroseare L 34%, pounde por ecusrye luck: 20,5, L7404,
and 8.5. A5 each of thuse comwroselon ratics, fovr fucl-air »astios
waye pssumed: 0.02C, C.U55, 0.050, exd C.0€5. TIe ofifies
vaxying the raiio of exnnust becir presswre to igslet-aiy preamgee
on the not specilic power cutprt end the -t srecifc fuel conswip-
tion of the combination at oacl o tiesc conditiuna vas dutormiace,




i These ealoulstions were made at four eugine speeds: 1200, 1500,
3800, end 2200 rpm. In order to determins the effect of more efficient
" oumponents on the performance of the cambination, the calculatisng were

all rejeated at an engine speed of 2200 rpm with the compreassor and

turbine effictfencies raised to C.85.

The nsrformance of the corpression-ignition ongino end the datsa
nocoesaery to calculate the axhaust-gas temerature wers taken from
reforence 3. The injoct’on was asmried 4o he so rctorded that an
indicator card similar to figre 10 of referoncc 3 with alnest eonatant-
Pressure combustion would de svtained. The coubustion chember used in
the teots of roferonce 3 is saown in Tigure 1. As can be sson, tho
inlet and oxhaust valves ars dfroctly onposite, When the inlet-nir
prossure 1s lighcr than the oxiaust hach pressura, any incroasc in
valve ovorlaes would cavec a re.ativoly hich loss of fyosh ckarge through
tho oxhaust vorts., This 1oan wculd incremso tho air flow and the nowor
requirod by tho eomprussor end would ¢ecroaze tho power outrut o the
turbino per nound of air as a reault of dilution of the hot gas. Tue
bottor acavenging obtained, lLowover, would tond to compunsate for thig
decrqase in turbine power ovtput, partisularly at low compreas!sn
ratios. Vhen the exhaust hack 2ressure is higher than the inlot-air
Pressure, the air flow would he roluced end tae onavenging womld be
vory docr. It ic assumed in theso caleulations tlab no elfszet.ye
valve overlay was uveed. Inagrmch ss ric roliahle dats on the uifact of
large exhaust back bressure on volumsisrlc efficiency were evailaole »
this efficisacy was theoretically caleulatud by nmewns of equaiim (3)
in the appenisz, The effec: nf exheast bock wressure on voiunetrie
efficiency thus ohtained is probanly toov swall even thowh no valve
overlap was assumed. Thiz eyror would tend to ahift the vount of
ninimm s»ecific fuel eongumrtion to a higher rat.o of exhaust bock
Pressure to inlet-air pressure then night actually be expoctod. This
equation dosa not take into accouny heat transter fram the reawduni
gasss or tha dynemic effects,

DISCUSSION CF RESULTS

The variation of nes 8ecil'ic rower output and act speciric fuel
conswuption of the cowbinatlcn at scy lovel witk ratio of exhavet back
Pregsure to inlst-alr »ressure for veriovs fuel-air watios and com-
DProassion ratics is shown in figure Z. The ongTno sverd ig 2000 b |
end the compressor and turhine efficioncies arv 0,70 and 0.85, rcomec-
tively, The not sxecific povor output increases with decreosso in
compression ratic and with increase in fuci-alr ratio becauge ol Ligh
inlot-aixr preessures at tie low caunrisgion rastios and high l.eat inputg
at tho high fuel-air reting. At any givon fue? -a'r retio and corrig-
sion retio, tke not snocific powor outnut inercasos to o nximm value




with increase In the ratio of exhaust back pressure to inlet-air
pressure and then decresses. The ratio of exhauat back pressure

to inlet-air pressure at which the net apecific power output is a
waximm varies from approximately 1.0 to 1.5 as the compression
ratio is increased from 8.8 to 29.2. When the retio of exhauat

back pressure to inlet-air presgure is less than approximately 1.0,
the turbine power output increasea with exhauat back pressure at a
faster rate than the compression-iguition engine power output
decreases; the net specific power therefore increases. With further
increase in the ratic of exhaust back preesure to inlet-air pressure,
the decraase in volumetric efficiency and the increase in engine
friction cauges the engine net specific power to decrsase at a faster
rate than the turbine power increases. The net specific power output
therefore decreases.

The net gpecific fuel consumption shown in figure 2 reaches a
minimum value at a ratio of exheust back preasure to inlet-alr
prespure that varies with fuel-air ratin and compreesion ratio. The
variation of this minimm with fuel-air ratioc for the various com-
pression ratics is shown in figure 3(a) and its variation with
compression ratio for various fuel-air ratios is shown in figure 3(b).
The corresponding net specific power outputs are also plotted. The
optimm operating condition for low fuel consumption occurs at &
fuel-air ratic of approximately 0.035 and a compresslon ratio of
approximately 14.0. The minimum net gpecific fuel consumption
obtained is approximately C.40 pound per net horsspower-hour and
the corresponding net specific power output is approximetely
0.50 horsepower per cubic inch. WHen the fusl-alr ratio is increaged
to 0.050 and the compression ratio decreassed to 10,0, the net specific
fuel consumption 1s increesed epproximately & percent but the net
apecific output 1s Increased approximateiy 80 perc-nt. Very little
gain in fuel consumption would therefore be cobtainsd by cperating at
the point of minimum fuel consumption, vwhereas the engine weoight
would be greatly increased.

The variation of minimum net specific fuel consumption and
corresponding net specific power output witkh fuel-air ratio at an
engine speed of 1200 rpm is shown in figure 4. The fuel-air ratio
at which the net speclfic fuel consumption 1s a minimum hes decreased
from 0.035 to 0.030 (compreasion ratio, 8.8). The minimum net specific
fuel consumption at this fuel-air ratio is approximately 0.37 pound
per net horsepower-hour. Curves gimilar to figure 4 were drawn for
engine spesds of 1500 and 1800 rpm and the points of minimum net
specific fuel congumption were then plotted as a function of engine
speed in figure S.
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= The effect of inoreesing the effioiencies of the turbine and
oumpxessor to 0.85 1s shown in figure 6, Comparison with figure 3
shovs that the minimum net specific fuel consumption et sn engine
speed of 2200 rpm has decreased to epproximately 0.32., The corre=-
sponding net specific output has increased approximately 75 percent.
:hoaompreuion ratio at vhich this minimum {g attainsd has decreased
O 848,

The power output of each of the camponent units of the comblna«

- tion is shown in figure 7, as well as the net power output for the
values plotted in flgure 3, The difference between the net nower
output and the output of the compression-izmition engine varies
linearly with fuel-air ratio, The maximum net power output is aprrox~
imately 53 percent higher than the compression-ignition engine power
alone at a fuel-air ratic of 0,065 and a compression ratioc of 8.8,

A gomparigon of the beat performence chtainable with the
campression-ignition engilne geared together with a campressor and a
turbine within the renge of oconditions used in figures Z and 3 and

" the best performance cbtainable with a campreesion-ignition engine
uaing a turbosupercharger is shown in figure 8. The fusel consumption
and the net specific power output of the compression-ignition engine
with a turbosupercharges were oulculated, assuming an exhaust back
pressure sufficiently high that the turbine and compressor powers
were equal, It wes alec assumed that the twrbine could operate with
& closed waste gate. At the bust net specific fuel consumption
obtainable, vhich corresponds to & fuel-air ratio of epnroximately
0,035, the decreese in net specific fuel consumption obtained by
gearing the turbine to the commremsion-ignition engine is only approxe-
imately 3 percent at a ccmpression ratio of 13.0. If, therefore,
operation at the lowest posaible fuel consumption is desired, apper-
ently little eocvnomy can be gained by gearing the turbine to thLe
oampression-ignition engine. At a fuel-air ratio of 0,065, where the
maximum power is obtained, the net specific fuel ccnsumption is, how-
ever, reduced as much as 12 percent.

The invostigation covered in reference 4 shows the theoretically
attainable performance of & compression-ignition engine-compressor=
turbine combination. A modified spark-ignition engine operating on
& Diesel cycle was apsumed, Tests on such an engine presented in
reference 6§ showed that the predicted resulis are as yet unattainable,
The work presented herein 1s based on test data taken on & high-speed,
high~turbulence compresslon-ignition engine. The ovtimistic results
obtained in reference 4 compered with the results presented herein
and in reference § are probably duc to the high combustion efficiency
indicated by the cycle uscd in reference 4, which gives a very low




value for the indicated specific fuel congumption. The test remults
of Teference 3 upon which the present celculations are based, as

- well as the data of yeference §, show rather high valves of indicated
specific fuel consumption decause of the poor combustion efficlancies
astualiy odtained. :

The results of tho nresent anslyeis, aa well as thopse of wefer-
e 4, seem to indicate that a large increase in power with a amall
decreane in fuel comsumption can he obtained by using a corbination
consisting of a Diescl englae, a compresscr, end a turbine, partic-
ularly if the compunent unite are higrly eifficient., Tho desirability
of gearing the turbine ani ecompressor to the Diescl ongine 1s doubt=
ful, inmgmuich as tho systom boecumes more camplicated end the decrease
in fuel comemmption 1a amall,

SIEARY OF RESULTS

Oomputations of tho pexrformence &t cca-leovel conditions of a
comrreseion-ignition ongino-com .regsor-turbine combination basged on
tost data obtalned fram a single-cylindor comnression-ignition uni#ine
&t o cumprescion ratls of 13.1 and en engine sneed of Z1200 rym with
the maximum cylindur sressurc assucd conabent ot 1400 nounds Ler
square inck yiolded tic following results:

1. The net spocific powor output increased with decreasing
compressi-m rotiu and wiih inereasirng fuel-alr ratio and cngine
speed.,

2. At en englne sreel of 2200 rpm, with compressor and twrbine
officienzies of 0.70 ard 2,60, respeciively, the net unecilic fuel
comsumption reached a minimwun value off 0,40 pound vor net hornesowers
hour at a funl-gir ratio of apsroximstely 0,C35 and a sonoression
ratio of approximately 14.0. Vhen tne comaresncr end turhine effi-
ciencies verv ralsed to 0.85, the ne’ specific fuel eonawantion
reached a nin'mum of 0.3z at & compression ratio of 2.8,

3. With comurese-r and turbine eificiencive & 0.7) end 0.£3,
resneciivoly, docroaging the engine anved from =200 to 1200 rmm
decreazed the minimum net snecific fuel consuimblon from $.40 %o
0,37 novnd per net horseprwar-iour.

4, At soa lcvel with compropacr end turbine ctiTlcicncies of
0.70 and 0.€5, resnrcctively, en onglns spced of 2200 rmm, end a
compression »atio of 13.0, the minimm fucl conswm;tion obtained dy
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gearing the turbine to the comprossion-ignition engine was only
enproximately 3 porcent lear than that obtained by operating the
comprecsion-ignition eagine with e turbogupercharger usin; & closed
wacte gate.

Aircraft Engine Researcli Laboratory,
Netional Advisory Coammittce foxr Aeroncutics,
Cleveliand, Ohio, October 10, 1945,
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APPRADIX - MNEOD OF CALCULATION

Symbols and Abbreviations

The following syrbols and abbreviations are usod in the

gpecific heat at conatant pressure, Btu/ib °F
specific heat at constent volume, Btu/1b °F
compression exponent 1a eguaticn W wo
exension exponent in equation W =o
engine ppeed, rim

pregenre &t various noints in ocycle, in. Hg absolute
atmospheric pressure, in. Nig absolute

exhaust beck pressure, in, Hg sbsolute

net heat added per pound of air, Btu/1b
ocampression ratio

out=off retio

ges oomstent for alr, £5-1b/1b °F

gea constent for exhaust gas, ft-1b/1b °F

tamperature ot various poinis in cyols, ]

temperaturo of cxhavat gus, °r

worix input to supercharger, ££-1b/'b air
vork output cf turbins, £t-1b/1b cxhauet gas
ratio of specific lieats for air

effsotivo ratio of specific heats for exhaust gas




adisbatio efficiency of supercharger
sdiadatic eﬂicioncy of turbdbine
thermal efficiency

volumetric effiolency

denalty of inlet air, 1bfou £4

Subscripts:

0
1
e
3
4

ambient comditions

inlet to compresaion-ignition engine
end of compression atroke

cut-off .

releage

Abbreviations:

bhp

inp

brake horsepover of compression-ignition engine per cuble inch
dieplacemont

jpdicated horaspower of compression-ignition engine per cubic
inch displacement

net apecific output of combination, hp/cu in. engine dlapleca-
ment

power required by supercharger, hp/cu in. engine dlsplacement
output of turbine, hpfcu in. engine displacement

friction mean effective pressure, lb/sq in.

indicated mean effective preasure, 1b/aq inm.

indicated specific fuel consumption cf engine, 1lb/hp-hr

net gpecifio fuel consumption of combination, lb/nhp-hr

fuel-air ratic




Wet Specifioc Output and Net Specific Fusl Consumption

©  Power output of o saion-ignition ne, - The indicated
Horsepower per cubic ﬁ d1srias of %

placement e campresalon-ignition
engine 1s given by tke following two equations:

imep
thp = 5525500 ()

o « s e (=)

Altisre g 1y 18 the eir £10w in pounds per hour per cubic iach.
;" he volumstric efficlency was sprrovimeted by assuming it is
. gfPected only by the inlet and the exhaugt presgures. The ratio of
volumetric efficiency vnder any Lwo econditions ropresent; & ¥
subscripts 1 and Z may thon

be expressed as in reference 5, but
using the notatiom of this paper

the volumetric efficiency is assuned. to be 0.66 vhen the
ack pressure is equal to the inlet-air nrossure, then
1
2N 7o

)
‘l‘,. = 0.36 (4)
Figus 9 shows the volumeiric efficicncy vlotted against the ratio
of oxhaust back prassure to inlei-air rrosmure for a campression
ratio of 135.0.

The inlot-alr density 1s givon by

1.527 oL
pll ° ﬁ
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T oY m:(ﬂ, (8), {8), and (8) ave oowbined and 7, = 1.35

0.74%

Pe
r NI
F/A i1 %
. m'ls'sgoisfc'r—l'-_r-l {6)
i ‘mhe friction mean effective pressure was obtained by taking the
"peicotion mesn effective pressure of a mrlticylinder crankcase at an
sngine speed of 2200 rpm, adding 3 pounda per sgiuare inch for the
4isplacer action of tle compression-ignition engine; and using an
empirical formule obtained from sn analyels of date on several
single-oylinder engines. The equation cbtained is

fmep = 31 + 0.32 (g - P1) (n

¥he first torm on the vight gide of equation (7) is due to the mechan-
fcal friction and the sacond term ia due to the numping loss. It was
assumed that tho pumping loss is independunt of the spoed eni the
mechanical friction is oroportional to the speed, From equatbion (7)
ths constant of proportionality was fou:d to equal 4.1 X 16>, The
friction mean effective ressuro then becoues

fmen = 14,1 x 1073 4 0.32 (2 = P1) (8)

The power output of the compression-ignition engino thon becomes

Bhp = (inmep - £D) T5AT00 (9)

Power oubput_of turbino, - The DOWOT output of tlhe turdinc vas
calonieted from the eguation

Tt
7e Nadt 750\ e

Wo = 2BEE A2 1
t 73 -1 RQTB ll k.. ) (Lo)

a,

The turbine horsepower per cubic inch of engine displacoment becomes
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Wy (1+7/A) .
w0 - g oxE B8 N al

¥
» 1.0x1078 4, ';?:T BT, %— | J(u ¥/a)
- (11)

" e temperature of the exhaust gas T, was oeleulated by the equation
given in reference 3, which, in the notation of the present paper, is

T, I
T, -k L4y - 1) 2 (12)
If the following two relations are substituted in equation (12)

Ty = Tlrcne r(nc-n’) (13)

P, = plrcn" r{no-ne) (1¢)
the exhaust-gas tamperature beccnes

o 1 (o -
- ;l r( Y rcn’J + (7q = 1) g%! (15)
e 1. Hal)]

Te

The velues of n, and n, were obtaincd fram figure 14 of rofor-
ence 3 and the values of 7, anl R, Ior the exhaust gas from
reforence 7. Values of exinust-ias tumperature T, plottod againat
ratio of exhaust back pressure to inlet-alr nressure are shown in
figure 10.

Power required by eupercharjer. - The work input of the sudber-
charzer ver nound of eir sunercharged 18 given by the equatiom
P |
BTy "/ 2\?

2y | :
WOV ee

The hormepower per cublc inch is then

'.fs-’_l;'-az

g
-- P8
IP = '357500 x 80 57.6 W




Ngg ® 07, R= 553, and y = 1.4
(P)O.'Ml
. r -
. 3 +286
67
 ohp = 2.67 x 1078 Npy e ()

) Met output and fuel conswmption. - If the power outputs of the
comprosgion-ignition engine and of the turbine and the power required
"%y the supercharger are known, the not power can be found from the
~ relation

nhp = bhp + thp = shy (19)

The net specific fuel consumption can then be calculated

nafc = /\;hu " ﬂm -~ \1&’0 (aq)

The indicated apecific fuel consumption for a comnression ratio of
13.1 1e glven in figure 5 of relarcnce 3.

Bffect of Varying Compression Ratio

Cut-off ratio. » In order to find the cffect of varying the com-
prossion ratio on the cut-off ratio, the amcunt of huat added per pound
of air is assuned to be constant at a given fuel-air ratio. From the
following sketch

2.

Q= Op (Ts -Ta)-ﬁ::::ocv (_T3 -T4)

Yg = Do |
- ep (TS' - Tg') + ;_‘9 ) Cy (TS' - T4') (21)




. =7, r2°°'1 (rez- 1)

ng
7o~ T,
R [2ED) (e2)

- wiisre the subscripts 1 and £ veod with r and T, refor to eny
4wo values of compvession ratio. For ry = 13.1, values of Tyy

taken from figure 14 of refercncc 5 can be used to ocalculate r,,

- for any dosired compressiom ratio. § is lere defined as tho net
hoat adled to the air when tue hewt Lloss to the coolant 1s neglocted,

‘cated specific fusl consumntion, - The indicated epsciris
fuel conswaption is agsumed to bo mverseJ proportionel to the thermal
- efficiency, The thermai efficiency of conversion of the net heat aGded
to the cycle, wken y = ng is agpumed for the compression strcke, is
obtained by

rge e .1
“t wl} - - (23)
ng-1 7o e 7 [r_c_ngei

Te T (7 - 1) ¢+ =01 n‘3 1 K3 r/ 4
At & comprossion ratio of 1i3.1, the values of r,, B, Ry, b
isfo for different fuel-air ratios were obtained from figuro 14 of

roference 3 and. 17y Waa oaleulated. The coastant X in tho equation

was thon evaluated for the different fusl-aly ratios. For any come
pression ratio, therefore 1

e Jlic-Ng _ ‘,
iofo _ %e = Be ng rrc_ %G Rel |
. T = - (8]

e ’ J

Curves of the reciprocal of' the indicatod specific luel consumntion
for different fuel-air ratios are plotted in figure 11,

1
]
[
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The justification for the procedure can be found in the fact that
- 4l motual curve of thermal sffioiency plotted against compression
‘zatio 1s parellel to the caloulated curve (fig. 1, reference 9). The
. empirical constant k therefore corrscts the theoretical curve to the
- sotual ourve,
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