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NATIONAL AD&ISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

CALCULATIONS CF THE PERFORMANCE OF A COMPRESSION-IGNITION
ENGINE-COMPRESSOR TURBINE COMBINATION
IT - PERFORMANCE OF COMPLETE COMBINATION

By Alexander Mendelson

SUMMARY

Calculations based on test data taken on a single-cylinder
compression-ignition engine with a compression ratio of 13.1 and an
engine speed of 2200 rpm were made to determine the performance at
sea-level conditions of a compression-ignition engine geared together
with a compressor and & turbine. The maximum cylinder pressure was
essumed constant at 1400 pounds per sguere inch and the effects of
fuel-air ratio, compression ratio, exhaust back pressure, and engine
speed on the performance of the combination were determined. The
analysis indicated that the net specific power output increaged with
decreasing compression ratio and increasing fuel-air ratio and engine
speed. At an engine speed of 2200 rpm and compressor and turbine
efficiencies of 0.70 and 0.65, respectively, a minimum net specifiic
fuel consumption of approximately 0.40 pound per net horsgepower-hour
was obtained. Increasing the compressor and turbine efficiencies to
0.85 decreased the minimum net specific fuel congumption to approxi-
mately 0.32 pound per net horsepower-hour. Decrsasing the engine
gpeed to 1200 rpm decreased the minimum net epecific fuel consumption
to 0.37 pound per net horsepower-lhiour when the compressor and turbine
efficiencies were 0.70 and 0.65, respectively. Comparison with a
compregsion-ignition engine using a turbosupercharger showed thatb
little could be gained by gearing the turbine to the engine, provided
the turbosupercharger could be stably operated with a closed waste
gate.

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

interest in systems for aircraft propulsion that utilize gas turbines
as the prime movers. (See references 1 and 2.) One of the principal

-
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limitations in the use of gas turbines in the energy-conversion process
is the lack of materials that withstand gas temperatures above anprox-
imately 1600° F. 1In order to maintain the temperature below this limit,
a large amount of excess air must be supplied, which decreases the
enerzy per pound of gas that can be extracted by the turbine end conse-
quently seriously reduces the net power output of the systen.

A dual power unit consisting of a highly supercharged compression-
ignition engine geared to a turbine has been proposed. (See refer-
ences 1; 3, and 4,) The compression-ignition engine can operate at
high pressures without the occurrence of knock and preignition and in
the design of the engine some control of the temperature of the gas
entering the turbine can be effected by varying the fuel-air ratio of

he nmixture burned in the engine. The design operating conditions of
the system can be so adjusted that the turbine, supplied with the
exhaugt gas from the engine, will produce a large proportion of the
pover,

Test data on the performence characteristics of a highly super-
charged compression-ignition engine, as well as information for the
calculation of release temperatures and pressures, are presented in
reference 3. At mixtures richer than stoichiometric the energy in the
exraust gas of a compression-ignition engine is shown to be in excess
of that needed for supercharging. Ho atbtempt is made in reference 3
o estimate the performance of the engine-turbine combination.

The calculations presentel herein were therefore made to determine
the performence of a compression-ignition engine, a turbine, and a
compressor geared together., The calculations are based on the data
nresented in reference 3. HNo data as to the effect of exhaust back
presgure on volumetric efficiency were available; thercfore a theo-
retical equation given in reference S was used., The effects of fuel-
air ratio, compression ratio, engine back pressure, and engine speed
on the performance of the combination were computed to find the oner-
ating conditions for minimum specific fuel consumption. The difference
between the results of the theoretical analysis of the performance of
a comyression-ignition engins-compressor-turbine combination reported
in reference 4 and the results obtained in the present investigation
is discussed,

ATTATYSTIS
Calculations based on test data from reference 3 at a compression
retio of 13,1, at an engine speed of 2200 rpm, and at NACA standard

sea-level conditions were made to determine the net specific power
output of the compression-~ignition engine and the turbine and the power
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input to the supercharger. The data teken at this compression ratio
wvere extrapolated to other compression ratios. Efficiencieg of Q.70

and 0.65 were assuned for the compressor and the turbine, respectively.

These efficiencies take into account the gearing efriciency. For one
set of calculations the compressor and the turbine efficiencies were
raised to 0.65. An intercooler of 60 percent effectiveness weg
agssumed in all calculations. The net spvecific power output nhn of
the combination iz given by the relation

nbp = bid + tap - sap
where

bhp brake horsepower of compression-ignition engine per cubic inch
of engins digplacement

thn  horsepower outwnut of turbine ner cublc inch of engine
disniacement

Fa

The net specific fuel conswapbion nsfc can then be found by the.
equation

isfc indicated specific fuel consumption of cumnression-igniticn
ngine
-&

ihn  indicated specif'ic horsepower of compression-ignition engir

The meximum cyliinder pre
constant at 1400 pounds per s
60, €0, and 150 inches of mercury aos
folﬁor;qo compreasion ratios assumed
cylinder pressure of 1400 pounds per .
nd 8.8. Ab each of these compression u
vere aggumed: 0.02C, 0.035, C.050, end C.065. The ef o)
varying the ratio of exnaust back pressure to inlet-air »res
c

e

gsure in
3

. .
juars inck

on the net snecific power outpub and the net specific Tue
tion of the combination abt each of thesc conditions was det-:minoa.
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These calculations were made at four engine speeds: 1200, 1500,
1800, and 2200 rpm. In order to determine the effect of more efficient
components on the performance of the combination, the calculations were
all reveated at an engine speed of 2200 rpm with the compressor and.

A

turbine efficiencies raised to 0.85.

The performance of ‘the compression-ignition engine and the data
neceszsary to calculate the exhaust-gas temperature weres taken from
reference 3. The injection wasg assuned to be so retarded tiat an
indicator card similar to figure 10 of reference 3 with almost conatant-
pregsure combustion would be ovtained. The combustion chamber used in
the tests of reference 3 is showa in figure 1. As can be seen, the
inlet and exhaust valves arc directly opposite. When the inlet-air
pressure is Liigher than the exhaush back pressure, any increase in
valve overlap would cause a relatively high loss of freeh charge through
the exhaust ports. This losg would increasc the air flow end the pover
required by the compressor and would {decrsase the power output of the
turbine per vound of air as a result of dilution of the hot gas. The
betier scavenging obtained, hiowever, would tend to compensate for this
decrease in turbine power output, particulariy at low compression
ratids.. When the exhaust back nressure is higher than the inlet-air
pressure, the air flow would be reduced and the scavenging would be
very poor. It ig assumed in these calculatlions that no effective
valve overlar was used. Inasmuch as no reliable cata on the effect of
large exhaust back pressure on volumetric efficiency weore availapie,
thig efficiency was theoretically calculated by means of equavion (3)
in the appendix. The effect of exhaust back pressure on voiuwmetric
efTiciency thus obtained is probably too smell even though no valve
overlap was assumed. This error would tend to ghift the point of
ninimum snecific fuel consumption to a higher ratio cof exhaust beck
nressure to inlet-air pressure than nmight actually be expected, This
eguation does not take into account heat transfer from the residual
gases or the dynamic eflects. :

DISCUSSION OF RESULTS

The veriation of net specific. power oubput and net epecific fuel
consumption of the combination at sea level with ratio of exheust back -
presgure to inlet-air pressure for various fuel-alr ratios and com-
pression ratics is shown in figure Z. The engine gneed is 2200 rm
and the compressor and turbine efficiencies are 0.70 and 0.8E%, respec-
tively. The net snecific power output increases with decrease in
compression ratio and with increase in fuel-air ratio because of hiigh
inlet-air pressures at the low compression ratios and high heat inputs
et thoe high fuel-air ratios. At any given fuel-air ratio and compres-
sion ratio, the net specific power output increases to a maxiaum value
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with increase in the ratio of exhaust back pressure to inlet-air
pressure and then decreases. The ratio of exhaust back pressure

to inlet-air pressure at vhich the net specific power output is a
maximum veries from approximately 1.0 to 1.5 as the compression
ratio is increased from 8.8 to 29.2. VWhen the ratio of exhaust

back pressure to inlet-air pressure is less than approximately 1.C,
the turbine power output increases with exhaust back pressure at a
faster rate than the compression-ignition engine power output
decreases; the net specific power therefore increases. With further
increase in the ratio of exhaust back pressure to inlet-air pressure,
the decrease in volumetric efficiency and the increase in engine
friction causes the engine net specific power to decrease at a faster
rate than the turbine power increages. The net specific power output
therefore decreases.

The net gpecific fuel congumption shown in figure 2 reaches a
mininum value at a ratio of exhaust back pressure to inlet-air
pressure that varies with fuel-air ratio and compression ratio. The
variation of this minimum with fusl-air ratio for the various com-
pression ratios 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
optimum operating condition for low fuel consumption occurs at &
fuel-air ratio of approximately 0.035 and a compression ratio of
approximately 14.0. The minimum net specific fuel consumptlon
obtained is approximately C.40 pound per net horsepower-hour and
the corresponding net specific power output is approximately '

0.50 horsepower per cubic inch. When the fuel-air ratio is increased
to 0.050 and the compression ratio decreased to 10.0, the net specifiic
fuel consumption is increzsed approximately & percent but the net
specific output is increased approximately 80 percent. Very little
gain in fuel consumption would therefore be obtained by operating ab
the point of minimum fuel consumption, whereas the engine weight
would be greatly increased. :

The variation of minimum net specific fuel consumption and
cerresponding net specific power output with fuel-air ratio at an
eéngine speed of 1200 rpm is shown in figure 4, The fuel-air ratio
at which the net specific fuel consumption is a minimum has decreased
from 0.035 to 0.030 (compression ratio, 8.8). The minimum net specific
fuel consumption at this fuel-air ratio is approximately ©.37 pound
per net horsepower-hour. Curves similar to figure 4 were drawn for
engine gpeeds of 1500 and 1800 rpm and the points of minimum net
specific fuel consumption were then plotted as a function of engine
speed in figure 5.
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The effect of increasing the efficiencies of the turbine and
compressor to 0.85 is shovn in figure 6. Comparison with figure 3
shows that the minimum net specific fuel consumption at an engine
speed of 2200 rpm has decreased to approximately 0.32., .The corre-
sponding net specific output has increased approximately 75 percent.
The compression ratio at which this minimum is attained has decreased
to £.8. :

The power oubtput of each of the commonent units of the conbina-
tion is shown in figure 7, as well as the net power output for the
values plotted in figure 3. The difference between the net power
output and the output of the compression-ignition engine varies
linearly with fuel-air ratioc. The maximum net power output is approX-
imately 53 percent higher than the compression-ignition engine power
alone at a fuel-air ratio of 0,065 and a compression ratio of 8.8.

A comparison of the best performsnce obtainable with the
compression-ignition engine geared together with a compressor and a
turbine within the range of conditions used in figures 2 and 3 and
the best performance obtainable with a compression-ignition engine
using a turbosupercharger is shown in figure 8. The fuel ccngumption
and the net specific power output of the compression-ignition engine
with a turbosupercharger were calculated, assuming an exhaugt back
pressure sufficiently high that the turbine and compressor powers
were equal. It was also assumed that the turbine could operate with
a closed waste gate. At the best net specific fuel consumption
obtainable, which corresponds to a fuel-air ratio of approximately
0.035, the decrease in net specific fuel consumption obtained by
gearing the turbine to the compression-ignition engine is only approx-
imately 3 percent at a compression ratio of 13.0, If, therefore,
operation at the lowest possible fuel consumption is desired, appar-
; ently 1little economy can be gained by gearing the turbine to the
| . compression-ignition engine. At a fuel-air ratlo of 0.065, where the
' maximum power is obtained, the net specific fuel consumption is, how-
ever, reduced as much ag 12 percent,

_ The investigabtion covered in reference 4 shows the thecretically
i attainable performance of a compression-lgnition engine-compressor-

| turbine combination. A modified spark-ignition engine operating on

| a Diesel cycle was agsumed. Tests on such an engine presented in
veference 6 showed that the predicted resulis are as yst unattalnable.
The work presented herein is based on test data taken on a high-speed,
high~turbulence compression-ignition engine. Thkea optimistic results
obtained in reference 4 compared with the results presented herein
and in reference 6 are probably due to the high combustion efficlency
indicated by the cycle used in reference 4, which gives a very low
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value for the indicated specific fuel consumption. The test results
of reference 3 upon which the present calculations are based, as
well aa the data of reference 6, show rather high values of 1n610ated
gpecific fuel consumption because of the poor combustion efficiencies

actually obtainsd,

The results of the present analysis, as well as those of rele
ence 4, scem to indicate that a large increase in power with a sma
decrease in fuel consumption can he obtained by using a combin t
conﬁ*stl g of a Diesel engl@e, a compressor, and a turbine, parti
ulerly if the component unite are highly efPLCLenu. The de Slfobilj
of gearing the turbine and compressor to the Diesel engine is douut-
ful, inasmuch as the system bocomes more complicated end the decrease
in fuel consumption is small,

SUMMARY OF RESULTS

Computations of the perfommance at ssa-level conditions of a

commression-ignition sngine-compregsor-turbine combination based on
teat data obtained from a single-cylindor compression-ignition cngine

at a compreszion ratio of 13.1 and an enginc snsed of 2200 rpm with
the maximm cylinder pressure assumed constant at 1400 wcunds zor
sguare inck yielded the following results:

1. The net specific pover output increased with decreasing
compression ratio and with increaging fuel-air ratio and engins

speed,

2. At an engine speed of 2200 rpm, with ¢ reggor and turbine
efficiencies of 0.70 and C.65, respecilvely, the net gnecific fuei
consumpbion reaclied a minimum value oi' ©.40 pound per net horsencver
hour at a fuel-air ratio of appsroximately 0. b35 and. a ﬂonb“wss"01
ratio of approximately 14.C., VWhen the comasressor and turbine effi-
ciencieg were raised to 0.85, the nes sgpecific fuel consumntion
reached a minimum of 0.32 at a compression ratio of 3.8,

3, Witl: compressor and turbine efficiencieg of 0.70 -znd 0.83,
resnectively, decreasing the engine speed from 2200 to 1200 rmm
decresazed the minimum net svecific fael consumption from 0.40 Lo
0.37 pound per net horaepower-hour.

4, At sea level with compregsor and turbine sfficicncieg of
C.70 and 0.65, respectively, an engine spced of 2200 rpm, and &
compression *at o of 13.0, the minimmm fuel consumpbtion obtained by
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gearing the turbine to the comprossion-ignition engine was oniy
anproximately 3 percent less than that obtained. by operating the
compresaion-ignition engine with a turbosuvercharger using a ciosed
vaste gate,

Aircraft Engine Research Laboratory,
National Advisory Commitiee for Aeronautics,
Cleveliand, Ohio, October 10, 194€.
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APPENDIX - METHOD OF CALCULATION

Sympbols and Abbreviations

The following symbols and abbreviations are used in the
calculations:

Cp specific heat at constanmt pressure, Btu/lb OF

Cy specific heat at constant volume, Btu/ib °F

148 compression exponent in equation v = ¢

ng expansion exponent in eguation Ve = ¢

i) engine speed, rrm

A sregsurs at verious points In cyclie, in. Hg abgolute
DG atmosvheric pressure, in. Ig absolvte

Pe exheust back pressure, in. Eg absgolute

2} net heat added per pound of air, Btu/lb

r compression ratlio

r, cut-off ratic

R fus'cqﬁs tant for air, £t-1b/1b °F

R gas constent for evhanet gas, £t-1b/1v °F

T temperature &bt various points in cycl: R

To temperatufe of exhaust gas, °r

W work input to supercharger, It-1b/Id air

Wt work output of turbins, £t-1b/ib exhaust gas

V4 ratio of specific heats for eir

y effective ratio of specific heabs Tor exhaust gas

]
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Nad adiabatic efficiency of supercharger

Ngqt  adiabatic efficiency of turbine

yn thermal efficiency

n, volumetric efficiency

o density of inlet air, lb/cu ft

Subscripts:

0 ambient conditions

1 inlet po compregsion-ignition engine

2 end of compression stroke

3 cut-off

4 release

Abbreviations:

bhy brake horsepower of compression-ignition engine per cubic inch
displacement

ihp indicated horsepower of compression-ignition engine per cublc
inch displacement

nhp net specific output of combination, hp/cﬁ in. engine displace-
ment -

shp power required by supercharger, hp/cu in. engine displacement

thp output of turbine, hp/cu in. engine displacement

fmep friction mean effective preésure,‘lb/sq in.

imep indicated mean effective pressure,‘lb/sq in,

isfc  indicated specific fuel consumption of engine, 1b/hp-hr

nsfc

F/A

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

fuel-air ratio
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Net Specific Output and Net Specific Fuel Congumption

Pover output of comwression-ignition engine. - The indicated
horsenower per cabic inch displacement of the comnression-ignition
engine i1g given by the following two equations:

_ imep N
ERR
hp = S=F== 1
e 79u,ono (1)
ana
.l BT
. Bih 1)
mp =t B g (2)
: isfc 57.56 v
JLJ - ~ 3 - “. = s
whers u——n 1, 1s the air flow in pounds per hour per cubic inch.
I.O

The volumetric efficiency was aprroximated by assuming it is
affected only by the inlet and the exhaust pressures. The ratio of
volumetric erfficiency undey any two conditions represented by

subseriots 1 and 2 may thon be expressed asg in reference S, hut
wging the notation of this paper

1
f’?é?ﬁe
fln “P1/
L L (3)
nvz -
v 7o
GO
\\‘31 S

I? the volumetric efficicnecy iz asgsumed to be Q.86 vhen the
cxhavst back nressure is egual to the inlet-alr nressure, then

“
o
m

1
e
1, = 0.88 (&)
Figure 9 shows the volumetric efficiency nlotted against the ratio
of exhaungt back prassure to inlet-alr rressure for a compression
ratio of 13,0,
The inlet-air density is given by
%
p, = 1.351 f— (3)

P
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When eouations (1), (2), (4}, and (5) are combined and 7o = 1.35

- 0.741
r- -p—
Py 1
imep = 15,690 féﬁé T Tl (6)

The friction mean effective pressure was obtained by taking the
friction mean effective mressure of a multicylinder crankcase at an
engine speed of 2200 rpm, adding 5 pounds per sguare inch ioxr the
digplacer action of the compression-ignition engine, and using an
emnirical formula obtained from. an analysis of data on geveral
gingle-cylinder engines. The equation obtained is

fmep = 31 + 0.32 (pg = P1) (7)

The first term on the right side of equation (7) is due to the mechan-
ical friction and the sscond term ig due to the pumping loss. It was
assumed that the pumping.loss is independent of the speed anl the
mschanical friction is proportional to the spsed. From equatlon (7)
the constant of proportionality was found to equal 14. 1 x 1072, The

; friction mean effective pressuve then becoues

| fmep = 14.1 x 1075 % + 0.32 (5, - 1) (e)

The power output of the compres ssion-ignition engine then becomes

3
~—

-+ .... 3 v e _._...1_\1___
brp = (imep - fmsp) 755,300 (

Power output of turbine., - The power output of the turbine was
calculated Ffrom thc eguation

1 | 7oL |

1 79 nadt ‘ /PQ\—ZB“

| W, = o= RyTg {1 - 5—’) (10)
7 U\ |

The turbine horsevower per cubic inch of engine displacement becomes

&L



NA

thy

*‘3

rhe

4 RM No. E7B03a 13
iy (1+F/A) o
= 33,000x 60 57.6 v r 1

- . 7o

H 7 - : I/'pe\'\‘ (<] ::

. =5 )
3 b ‘8 78 p-‘l\' ; /P ‘\"\ 76 i: ‘\pl (i |
= 1,0x10 T]aat 7 - 1. PeTe ‘1—1:— ‘l— 1\ p'— ;: P ;(l+ W‘/A)
1! Pe i

- - (l.t.)

temperature of the exbaust gas T, was cnlculatpd by the equation

given in reference 3, waich, in the notation ‘of the present vaper, is
mo i
Lg 1o Pg |
7=t i1 (- 1) 2 (22)
e i 4}
I7 the following two relations are substituted in equation (12)
; { )
., Vil <12 ,
'—.'-.',1 &= 'I‘lrc ¥ o e (1._’,)
4
n Ng=Ng .
p, = p.r 6 pie 2 (i4)
e “LC
the exhaust-gas temperature becones
m ‘l
*1 (“ g n Ps!
Ty = — r, @4 (y, - 1) =i (15)
© ¥ C e p_! i
© . 4
The valuesg of n, and: n, were obtained from figure id of refor-
ence 3 and the values of Y anl Ry for the exhaust gas from
roference 7. Values cf exhiaust-gas temperature T, plottsd against
ratio of exhaust back pressure to inlet-air nressure are shown in
figars 10.

Power required by superciarger.

- The worl input

of the asuner-

charger ver vound of air supercharged is given by the equation

The hox

i ol |
PR
RT o 4 i
W om edem ..._Q.ii ...]:.\) -1 (18)
< - - <
g 7 + na(j._z\,\'?a/ a
- o
orgerover ner cubic inch ig fthen
Ws PN
8hp = o — 17
P ="33,000 X 60 57.6 v (27)
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When 'qad = 0.7, R = 53.3, and 7y = 1.4
. C.741
'/lje\)
r -l i -
- .8 ) \\p]_/, "l‘/Pl 00286 i
shp = 2.67 X 1077 Npq 3\ = -1} (18)
-1 INo i

Wet output and fuel consumption. - If the power outputs of the
compression-ignition engine and of the turbine and the power reguired
by the supercharger are known, the net power can be found from the
relation -

N

nhp = bhp + thp - shp (19)

The net svecific fuel consumption can then be calculated

oo (o 3hp N\ |
nsLe \Sqo + thp - %hvaSIC (29)

fuel consumption for a compressicn ratio of

The indicated specific
n figure 5 of relerence 3. ,

13.1 is given in

Effect of Varying Compression Ratio

Cut-off ratio., - In order to find the effect of varying the com-
pression ratic on the cut-off ratio, the amount of heat added per nound
of air is assumed tc be constant at a given fuel-air ratic. From the
following sketch

23
A S
\ N
P AN ‘
AN \ 4
o N
\\\\\MJI
e
Yo - D
Q= cp (T3 = T) + === oy (T3 - Ty)
(CIN
7e n,
= op (Tz' - Tg') + 2P oy (T3' - Ty') (21)
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—. 1
n
fol (r 2 1)+ 2® py T To (TelNT L n (Top- 1)
7(3 iy r, g - 1 i__rl r / i"' 7e T2 c2
- n
. €
LChi N B - (22)
n.-1 2 nC j Lo ro, / )
o L s pu)

where the subscripts 1 and 2 used with r and xr, refer to any
two values of compression wetio. For r; = 13,1, values of I,y
taken from figure 14 of refersnce 3 can be used tc calculate Too
for any desired compression ratio. § is rere-defined as the net

b}

heat added to the air when tiie hest loss to the coolant is neglscted,

Indicated specific fusl consumption. - The indicated specific
fuel consumption is assumed to be inverssly proportional to the thermal
ciency. The thermal efficiency of conversion of the net heat added
1 is e

.‘
o the cycle, when y = n, compresgion siroxe, is

_cne __Anc g _ 1
Tlt =1~ v T~ n: (23}
ng-1 Ye T~ g ng ]ro (Yo e
Yy T (v, = 1) + = — 1 _— -\::- |
(¢ .ue -~ % !_l oo N
t a compression retio of 13.1, the values of r,, n,, n,, end

igf'c for different fuel-air ratios were obtained from figure 14 of
reference 5 and 1. Wwas calculated. The constant Xk

[=)

n the eguation

X

—— = &
isfc nt

was then evaluated for the different fuel-air ratios. For any com-
“pression ratio, therefore

H 1
1

- {

1k 41 _ e ° T 1 R

isfc - i 5
i n } an Vs n,.

i n.-1 . e e ng t¥e [*e Vi!

y r¢ T (r, - 1)+ =~ rcéi—-{= i

e c n_ -1 ir \r/ |}

e [ g 4 ]

Curves of the reciprocal of the indicated specific fuel consumpition
for difrerent fuel-alr ratios are plotted in figure 11

l—l
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The justification for the procedure can be found in the fact that
the actual curve of thermal efficiency plotted against compression
ratio is parallel to the calculated curve (fig. 1, reference 9). The
empirical constant k therefore corrects the theoretical curve to the
actual curve.
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(b) Variation with compression ratio for various fuel=air ratios.

Pigure 3, = Concluded, Variation of minimum net specific fuel consumption and
corresponding net specific power output with compression ratio and fuel-air
ratio. Maximum cylinder pressure maintained constant at 1400 pounds ger square
inch; engine speed, 2200 rpm; compressor efficlency, 0.703 turbine efficiency,
0.85. '
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Plgure 6, - Effect of ralsing compressor and turbine efficlencles to 0.85 on
variation of minimum net specific fuel consumption and corresponding net specific
power output with fuele-alr ratio and compression ratio. Maximum cy%inder
pressure maintained constant at 1400 pounds per square inch; engine speed, 2200
rpm,
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(p) Variation with compression ratio for various fuel-air ratlos.

Figure 6. - Concluded. Effect of raising compressor and turbine efficlencies to
0.85 on variation of minimum net specific fuel consumption and corresponding
net specific power output with compression ratio and fualeair ratlio. Maximum
cylinder pressure maintained constant at 1400 pounds per square inch; englne
speed, 2200 rpm. :
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