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1.
OBJECT

Theoretical engine cycles are valuable because.
they give a limlt which could be reached theoretically in
an actual engine and they are simple to compute. Before
bullding an engine the maximum working pressures and tem—
peratures can be approximated so that the designers will
have some basis on which to work. After the engine has
been bullt an indicator card can be made and compared to a
theoretical cycle to determine the type and magnitude of
logses; this information will aid in obtaining better re-
sults.

The Equivalent Fuel-Air Cycle has béen selected
because it most closely resembles the actual cycle since the
charts are based on a mixture of fresh charge and residual
gases containing "burned" fuel and air. Also, they take -
into account both variable specific heats and chemical equi-
librium. The Standard Air Cycle was used because of 1ts
simplicity of calculation and because no charts are required.
The Keenan and Kaye data, which includes the effect of
varlable specific heat only, 1s new and has never been usged
for comparison to actual gasoline engine cycles. Calculating
the cycles with these tables is feirly simple, also.

In this thesis the values by the above three
methods were determined, and plots of the results are included

to show how each theoretical cycle approaches the actual cycle.
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A vigual comparison is shown for all Equivalent Fuel-Air
Cycles and three of each of the other two theoretical
cycles. The working basls for each of these cycles is

also explalined herein.

FPROCEDURE

The first step was to run #1. C.F.R. engine in

. the 8loan Automotive Laboratory at M.I.T. The intake

temperéfﬁre was read off a thermometer inserted in the in-
take pipe. The air consumption was calculated from the
pressure drop through an orifice. The fuel consumption
was set by means of a rotameter but for each run the fuel
was drawn from a burette and the time measured. If this
time did not coincide with the calculated time the rotameter
reading was changed and the run taken over. The intake and
exhaust pressures were obtained from mercury manometers.

The speed was held constant by adJusting the speed so that
black lines on the flywheel appeared mofionless under the
illumination of a stroboscope. The desired compression
ratio was obtalned By setting a mlorometer screw on the
engine block and cranking the eylinder head to thet point,
Best power spark'advance, which was used on all runs, was
found by advaneing or retarding the spark, while the speed

was held constant, and observing the scale reading on the
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dynamometer trake. To prevent trouble from detonation 100
octane gas was used for all runs. ‘

The indicator cards were taken on M.I,T. High
Bpeed Indicator. All pressure plck-up units were constructed
to give an accuracy within 1" Hg or about 0.5 psi. Top dead
center was first set approximately. Then, by connecting the
indicator spark to the light in the spark-advance lndicator on
the engine, 80 that the crank angle could be read every time
the indlcator would spark, dead center was set accurately by
rotating the cam on the high speed indicator so that the light
flashed at a crank angle of zero degrees. The resulting Iin-
dicétor cards of pressure versus crank angle were converted
to P-V plots on the converting table in the laboratory. The
area of thelP—V‘plots was found by planimetering each cycle
three fimes and taking the average.

Schematic dlagrams of the C.F.R. engine set-up
and P~V table are shown in Figures 1 and 2 respectively.
Pictures of the M.I.T. High Speed Indicator and P-V Table
are shown in Figures 3 and 4 respectively.

A total of twelve runs was taken as follows:

First set Runs 14

Fuel Alr Ratlo Varisble
Speed 1200 r.p.m.
Compression Ratlo 7

Inlet Pressure 25 ins. Hg
Back Pressure 31 ins. Hg
Inlet Temperature 120°F.

Spark Advance Best pover




Second Set Runs 5-8

Inlet Pressure Variable

_ Speed 1200 r.p.m.
Compression Ratlo 7
Back Pressure 31 ins. Hg
Inlet Temperature 120°F.
Fuel-Air Ratlo 0782
Spark Advance Best power

Third Set Runs 9-12

‘Compression Ratio Variable
Speed : 1200 r.p,m.
Inlet Pressure 25 ins. Hg
Back Pressure 31 ins. Hg
Inlet Temperature . 120°F.
Fuel-Alr Ratlo .0782
Spark Advance Best Powver

The actual data are shown in the Appendix,

i

BASES OF CYCLES

It was with considerable difficulty that the
basls for each of the different cycles was chosen since the
method of calculating the cycles must be gimple in order to
make them practical yet they must also have some meaning,

for comparison.

Equivalent Fuel-Air Cycle

The Fuel-Air charts, Thermodynamic Characteristics
of Mixtures of CgHyg and Air (Hershey, Eberhardt, and Hottel),

are constructed on the basis of the followlng:

f——
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of air glves only enough oxygen to burn 0,0665 1lbs. of fuel.
If the fuel alr ratio is less than .0665 the available heat
is F x 19,240 Btu.s per 1b. but when F is greater than
0.0665 there is not sufficlent oxygen in one pound of air
and hence the avallable heat is only .0665 x 19,240 or 1280
Btu. per lb. and some of the fuel does not burn; however,
in calculating the efficiency of a cycle the total heating
value of the fuel 18 used as the heat input to put the re-

sults on the same basis as the actual and fuel-alr cycles.

Eguivalent Standard Alr Cycle

Por thls cycle, calculated for runs 1, 7 and 12
and plotted in Figures 1%, 20 and 25, the basis of one pound
of air was still used but the initial pressure and volune
were the same as in the actual cycle go that the plots would
all start at the same initial conditions. The heaf added
for these cycles was (1-f) times the available heat where
£ was obtalned from the equilvalent fuel-air cycles. This
was done to glve a better aéproximation to the actual volumetric
efflciency and thus allow the oycle to be called equivalent

and make a better visual comparison when plotted.

Keenan and Kaye Air Cycle

These cycles were calculated on the basis of
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one pound of mixture as follows:

(1-F) # Air
p# Fuel
Total 1 # Mixture

but the F pounds of fuel are assumed to act like alr and
hence all values are per pound of air. The heat of com-
bustion is therefore I%F times the heat of combustion
discussed in the Standard Air Cycle.

Equivalent Keenan and Kave Air Cycle

This cycle was calculated on the same basisg as

the Equivalent Standard Air Cycle in every respect.
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DISCUSSION OF RESULTS AND CONCLUSIONS

The results are represented in graphicael form
by Figures 5-13 for the standard air, Keenan and Kaye,
fuel-alr, and actual engine cycles, showing varistions
in thermel efficlencles, maximum Pressures, and ratio
of IMEP to theoretical MEP with varying compression
ratio, fuel-alr ratio, and inlet pressure. The effi-
clencles of the standard alr and Keenan and Kaye cycles
follow the same trend, the lower efficlency and m.e.p.
of the Keenan and Kaye occurring, since the variation
of specific heats with temperature is accounted for.
The specific heats increase with increasing temperatures,
thus lowering k; all other assumptions are explained in
the Basis of Cycles. The fuel-air cyocle, which dis-
cards the assumption of a reversible cyclic process and
contains heat from the chemical reaction of the working
medium 1tself, most closely approximates the actual
cycle. The lower efficlency of the actual gycle 1s
caused by lncomplete mixing of fuel and air, non-
slmultaneous burning of various par;s of the charge,
time required for chemical reaction, direct heat losses,
and time required for escape of exhaust gaseé,

The actual indicated efficiency is not a cbn—
stant with varying inlet pressure. The deviation is




due to heat, time and blowdown losaes. Vhen plotted a-
galinst fuel-alr ratios, the alr standard efficliency is a
constant below chemicelly correct fuel-air ratlo, and the
effliciencies of the remeining oycles increase with decreas-
ing fuel-alr ratio tending toward alr standard efficliency
as a limit. The efficliencles deorease at fuel-apir ratlos
greater than chemicelly correct instead of remaining a
constant because the added heat was taken equal to the

heat of chemically correct combustion and the heat value

of the excess fuel is loss.

At fuel-alr ratios greater than 120% chemically
correct, the ratlio of IMEP to theoretical MEP decreases
with increasing fuel-alr ratlo. The lowering of the
temperatures with an excess of fuel also lowers the mean
effective pressures at these fuel-air ratios. Th; lower
energy content and the slower combustion rate in the ac-
tual engine below chemlcally correct account for the
positive slope due to the lesser IMEP, This ratio of

" IMEP to theoretical MEP follows the same trend when plotted
against inlet pressure. The curves droop with inlet -
pressures higher than 12.8 psi due, perhaps, to undetected
preignition. Versus compression fatio the trend is very
similar, -the discrepancy of the fuel-air cycle coming with-
in the error of calculation.

The actual and fuel-alr maximum pressures increase
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with increasing fuel-air retio because of better combus-
tion rates and an increase in the number of molecules,
geemingly in a straight line functlion for the range cover-
ed. Below chemically correct fuel-alr ratios the maximum
pressures drop since the energy content in the smaller a-
mount of fuel added is less. The constant maximum
pressures after chemically correct follow from the basisg
of the ocycles - l.e., the equivalent heat added was

equal to that of chemlecally correoct combustion.

Figures 5-13 show the actual indicator dlagrams
upon which the theoretical cycles have been superimpoéed.
The fuel-alr cycles are plotted for all runs. Figures
14, 20 and 25 also show the standard air cycle and Keenan
end Kaye cycle. The compression lines of the above two
cycles have been omitted because they are close enough
to the other compression lines and would only be confusing.
The comparison of fuel air and actuel diagrams with low
manifold alr pressures ls good'since the densities and
temperatures are lower and heat transfer less. A visuagl
comparison of blow down, heat transfer and maximum press-
ures 1s obtalned from these plots. The low compression
line of Figure 20 probably occurs from an incorrect at-
mospheric line on the lndicator card.

The feasibility of multiplying the theoretical
efficiencles by & constant and getting the actual efflc-

iency 1s not good. ¥hen the average value of the con-
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stant for each cycle was determined the following results
with the maximum percent deviation from the mean value

were obtained.

(1) Eff. (actual) .834 x Eff. (fuel-air cycle)

Maximum error = 6.10%"

“(2) "Eff. (actual) = .614 =x Eff. (standard air cycle)

Maximum error = 5.36%

7123 x Eff. (Eeenan and Kaye
cycle)
5+55%

(3) Eff. (actual)

Maximum error

n

It was necessary to extend the Keenan and Kaye
Air Table to the higher temperature of the internal com-
bustion englne. The extension which is included in
this thesis was. tabulated by using first order interpola~-
tion for internal energy and second order interpolation
for the relative volume. The table has been checked a-
gainst experimental resulte of Professor Kaye and u 1is
accurate to the first decimal place, v, accurate to the
second declmal place. The use of this table should
prove to be very interesting at extremely low fuel-gir
ratios as in the gasé turbine where the Keenan and Kaye
cycle should closely approach in its limit the actual

cycle.
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13.

PABLE OF SYMBOLS

brake mean effective pressure

total internal energy

energy of combustion

internal energy exclusive of energy of
combusgtlion

fuel-air ratio

indicated mean effective pressure (from
indicator cards)

manifold absolute pressure

manifold gbsolute temperature

mean effective pressure

pressure

exhaust or back pressure

compression ratlo

spark advance

internal energy

volume

relative volume



Computation of Actual Cycle for Run #1

The mean effective pressure from the P-V cards

18 calculated from the equation

Ac K
IMEP = =% psi
c
vhere A, = area of P~V plot, sq. ins.
Ly = length of P-V plot, 1ins.
K = spring cohstant, lbs. per in.
IMEP = SE;QQ%LLQQl = 101 psl

The efflciency is the ratio of work output to
the heat input

Work = ;%%g—ﬁz- Btu per lb. of raw air
P = IMEP, 1lbs. per sq. ft.
L = length of stroke, ft.
A = area of piston, sq.ft.
N = no. of intake strokes per sec.

Wy = alr consumption, lbs. per secC.

(101) (4.5) (3. 25) 5(20) ( 3.14)
Work = == = o B .
or (12)(778) (1) (. 00915) 2 Btu per 1b.

For each 1b. of air F 1lbs. of fuel are also added.
The heating value of F lbs. of fuel is F(19,240) Btu.

14.



15.

Heat input = (.0782)(19,240) = 1507 Btu

Effiolency = 5_‘15%% = +293

Computatlon of Equivd ent Fuel-Air Cycle for Run #1

To find the initlal conditions a  point low on
the expansion line such as A, Figure 14, i1s selected

and the pressure and volume measured with a scale.

Piston displacement 37.4 sq.in. = Vpp

6.23 8q. in. = vOl

Clearance volume

Cylinder volume of A i Vpp + VoL

Vaa = -15-—%”’— (37.4) + 6.23 = 39.4 1in°

The volume on the fuel-alr chart at this point,
v. - Ccylinder volume £t,0 Vo (1-T)
A~ IE. of air 1n cylinder B

B = welght of air taken in per stroke

£ = fraction of residual gas
Vo = cylinder volume at point in question
V, = chart volume at point A

A guess 1s made as to f and the chart volume

computed. £ = .065



16.

o CERGEIEL o 23wt

(1728) 9.15 x 10~

P, from disgram = 48,6 psi.

Then this point is found on the burned fuel-alr chart and

a line of constant entropy 1s followed to Pg to find V5.

PE = 15,3 psl
V5 = 55 cu.ft.
Vo Va 0
Vao - Voa Vel
Vy = g > ) (6.23) = 3.69 cu.ft.

Vo _ 389 - .06

v
Since £ = v% the assumption of f = .065 1is good.

V1= (%—:&) (43.63) = 25.83 cu.ft.

Another point, B, 18 then selected on the com-—
pression line of the dlagrem such that the pressure can

easlly be read.

vg = E%ﬁ; (20.7) = 12.3 cu.ft.



17.

This point is found on the unburned chart and
a line of constant entropy is followed to Vi to find
the initlal pressure Pp. At the point , Py Vy, the
initial temperature, Tj, and senslble internal energy

or internal energy exclusive of energy of combustion

is. found.
Pl = 10 psi
Vl = 25.83 cu.fte
T, = 670°R

Then a line of constant entropy is followed on
the same unburned chert to point 2 (Figure 15) and where
V2 is already known.

Vo = 3.59 cu.ft.
P2 = 130 psi
T, = 1265°R
Ego = 165 Btu

Combustion takes place from point 2 to point 3
and the energy of combustion, E,, 18 calculated from the

formule on the fuel-alr chart.

E, = (1507)(1-1) + 300¢
(1507)(.935) + (300)(.065) = 1429 Btu
E3 = Egp + Eg = 1429 + 165 = 1594 Btu

V3= Vo = 3.69 cu.ft.




1€.

Point E;, V3 ls then found on the urned chart where
the P3 and T3 are read

P3

3

560 psi
5000°R

From this point a line of constant entropy is again fol-
lowed to V) = Vy and the values again read directly

Vy = 25.83 cu.ft.
Py = 53 pal

Ty = 3230

E, = 990

The work of the cycle W, the mean effective
pressure, MEP, and the efflcliency are then calculated
by the followlng equatlonsi-

= (1594 ~ 990) - (165 - 30) = 469 Btu
W
MEP =
v1 - V2
= T égflE)Hl&s Yy = 114 psi
" :
46

.93 5 ) = '333



19.

Computation of S8tandard Air Cycle for Run ﬁl

A reversible adiabatic process is assumed from
1 to 2 (Figure 15) and from 3-U and a cogstant volume
process 1s assumed from 2 to 3 and from i to 1, As
explained in the Bages of Cycles the conditlons at point
1 are assumed to be those in the manifold where tempera-

ture Tp and pressure Py were measured.

v, = WR T3
21
R = universal gas constant for alr
R = 53.35 £t. 1lbs. per degree Rankine
per lb.
W = weight of air = 1 1b.

_ {53.35)(580) _ 3
o= Qe Qe - I

From 1 to 2

o= 2o =H-%—u§= 2.49 2t7

k
PLVy =P vak for a reversible adlabatic process.
k = 1.t for alr

. .
(@) gy = 2D = 167 e

ge)
n
i

_Pove | (1Ep(2.9)aM) .o
@ =& (53.35) = 1260°R




20.

From 2 to 3

Heat, Q,, 1s added at constant volume and since

we assume a volumetric efficlency of 1005

Q = (Available heat)(z;—l- = 1280 -?-: 1098 Btu

Q = WC, (T3 - T,) where Oy = specific heat of

|

alr at constant volume

Cy = .169 Btu per 1lb. per degree Rankine

BT, (53.35)(7760) _
= =2 = o) (s 1152 pal.

From 3 to 4
pyv3 = PV
k 1.4
by = py 4B = 1152 () = 759 ped
Vu. = 17.% ft3

= pyvy (75.9)(17.46)(14k) _ o
Ty = g {53.357 = 3580°R

Work =M Gy (T3 = Tp) - (T - T)

= .169 (7760 - 1260) - (3580 - 300) =
594 Btu



2.

_ W _ SEQ’Q(%IS) _
HEP = vi=Ve T (1k.97i(1H4) T 21k psl

The efficlency based on the amount of avallable

Eff = Ig%%' = .54

This efficiency can be checked by the followlng:

heat is

- A
Effe = 1 = (%,-)k ol 1~ (%) = J5i1

In order to base the efflclency on the amount of poten-
ti1gl heat when F = .0782 instead of the heat added in

the cyele which is that for a chemically correct mixture
containing one pound of air, the resulting efficlency is
multiplied by the ratlo of chemlicelly correct to actual
fuel-aglr ratio and we get a result which more nearly '

approximetes the actual

(5i1) (s98EA- = .o

Computation of Keenan and Kaye Air Gycle for Run #1

Y

Btate CR u Ve o . ¥ P
1 580 3.46 3946 21.5 10

1231 119.% 563.7 3.07 149

2
3 6500 1716 . 2.997 3.07 784
4 3599 626.4 20.979 21.5 62




- ‘ 22,

The mixture of alr and octane is assumed to be
equivalent to air as regards the relationshlip between its
propertles. g8tate 1 is determined by the manifold
temperature and pressure, the values of u and v, belng
read from the tables. BSince internal energy enthalpy,
and specific heats depend upon the temperature only,
the manifold temperature of 580°R. determines these
properties. The specific volume is determined howvever,
from the perfect gas law, the manifold pressure being

used.

_Rr _ 53.3% x 580 _ 5,
VET 144 x 10 2

The compression ratio belng 7, the relative volume which
determines state 2 must be 1/7 of state 1, the entropy
being constant.

3946/7 = 563.7

The internal energy at point 3 equals the energy of the
products base at 2 plus the energy of combustion. The
energy of combustion belng computed by

(19,240 x F) x /2 +F x r;l =

.0 82 . ( —l) =
19,240 x —l——l + L0782 x —-7——7 1197

19,240 = Btu/ 1lb. fuel

F = fuel-glr ratio



L.:I-

Eil = factor based on assumption that freseh
charge fills the piston displacement only. {19,240 x F)
Btu/lb. alr never 1s greater than 1280, the‘eduivalent

heat of cnemically correct combustion, and the factor

I‘?lF 1bs. air/1lb. mixture, determines the basis of
combustion as Btu/lb. mixture:
uz = Uy = 119.7 + 1197 = 1316
from this value and Keenan and Kaye table, T3, v3 are
determined. Slnce"?-B ig aconstant volume process:
Py = ETI 255 éxx;.so
Vo
The relative volume at state 4 is 7 times thalt

at statn:3 and the-remaining properties correspond to

this wvalua.

Computation of Edquivalent Standard Air and Eguivalent
Keenan and Kave r Cvcles fo L } )

The- pressure. and volume of point 1 are taken

from the Equivalent Fuel-Alr Cycle and the temperature

calculated.

v, = 25.83 ou. ft.
Pl = 10 psi'
P11 (2 2[(10)(144) -
Ty = 5555 695°R:

Bach cycle is then calculated by the methods shown above.

except that the heat added in both 1s (1-£) times the-

chemical energy of a chemically correct mixture whsre £




24.
is also obgained from the Equivalent Fuel-Air Cycle.
£ = 0065

Q = (1~£)(F)(19,240) = (.925)(:0665) (19, 240)
= 1196 Btu N ' ‘



000
6020

6030
6100
6120

6160
6180
6200
6220

6260
6280

EXTENSION OF KEEMAN AND KAY ATR TABLE

u
1051.51
1026.32
1061.13%
1065.9
1070.72
1075.5
1080,37
1085,18
1032.99
1094, 80
1099,61
110l 42
110 .23
1114.0
1118.8
1123.6
112847
1133.28
113%8.09
11k2,90
1147.71
1152.52
1157.3
11562,1
1166.9

1176.57
1181.38
1186.19
1191.00
1195.81
1200, 62
1205.%3
1210.2
1215.02
1212.8
122,67
1222.4$
1234.29
%2 9.10
2i3,91
izgé.éa
253,
12 8.32
1263.15
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28.

Run #1 F = ,0782 r=17 MAP = 12.3 psi
MAT = 580°H. Po = 15,3 psi
Equivalent Fuel-Air Cycle
Btatse T P v E f
1 ' 620 10 25,83 0 s .06U45
2 1265 120 3.69 1 2 8
R 5000 560 2.69 159
3230 53 25.83 990
Work = 469 Btu MEP = 114 psi Eff = .333
Standard Air Oycle
State by P v
1 80 12,3  17.U46
2 1260 187 ? 2.49
z 7760 1152 2.49
3570 75.9 17.46
Work = 594 Btu MEP = 214 psi Eff = 460
Keenan and Xaye Air Cycle
State T P v Vr : u
1 80 12. 17. L6 RITS
2 1231 183 ? 51&%9 3%6&7 113.46
Z 5760 865 2.49 4.1 1138
- 3279 69.5 17.45 29,008  550.3
Work = W72 Btu MEP = 169 psi  Eff = .39%
Actual Cycle
Work = U442 Btu 1 MEP = 101 psi Eff = .293

Ppax = 1k psi



Run #1

Equivalent Standard Air Cycle

8tate

1
2

g

Work =

T

695
1515

i

645 Btu

P r
10 25483
122 3.69
860 3.69
MEP = 157 psi

Equivalent Keenan and Kaye Alr Oycle

8tate

1l
2

¢

Work =

T

P v
10 25,83
146 3.69
710 3.69
52 25.83

MEP = 220 psl

29.

Eff = 160
Vr u
oliisg o, 16
351.1 163.01
2.237 1357
20.489 32,17
Eff = .389



30.

Run #2 F = .0665 r=17 MAP = 12.3 psi
MAT = 580°R Pc = 15.3 psi

Equivalent Fuel-Air Cycle

State by P v E b4
1 66 10 25.8 0 .06
2 126(5) 130 363 120 : 2
2 uago 550 3,69 1360
3000 56 25.83 750
Work = U480 BTU MEP = 117 psl Eff. = J01
Btandard Alr Cycle -—
State T P v
1 80 iz, 17.46
2 1260 147 3 .!2.49
a 7760 1152 2,49
3570 75.9 2.45
Work = 594 Btu MEP = 21% psi Eff. = .5l
Keenan and Kaxe Air Cycle
Btate T P v Vr u
1 580 12,3 17.45 e 46
2 1231 183 2.&9 563 119.
R 5813 863 2.49 031 11 9.
329 69.9 17.“5_ 28,207 556,37
Work = 477 btu MEP = 172 psi Eff. = 163
Actual Cycle
Work = 447 Btu MEP = 102 psi Bff. = .349

Prox = 401 psi



Run #3 F = ,0605 r=7

MAT = 580°R.

Eguivalent Fuel-Air Cycle

Btate T P v
1 650 10 25.6
2 1220 128 ?.s@
R Lg25 530 3.66
3200 50 25,62
Work = M4U7 Btu MEP = 110 psl

Standagrd Air Cycle

8tate T P v

1 80 i2. 17.46

2 1260 187 ? 5.49

E 7160 1060 2.&2
3300 70 17.

Work = 538 Btu MEP = 194 psi

Keenan and Kaye Air Cycle

S8tate T P v
1 580 12.3 17.45

2 1231 18 2.49
R 5420 80 2.49
3062 65 17.45

Work = U436 Btu MEP = 158 psi

Actual Cycle

Work = 405 Btu MEP = 93 psl

Pmax = 395 psl

MAP

31.

= 12.3 psl-

Pc = 15.'5; psl

E £
2 .0
150 5 !
12%0
6
Eff. = 113
Eff. = o541
Vr u
3946 . 3.u46
563.7 119.46
5.13 1056.46
35.91 503.9
Eff. = U466
Eff. = 347



Run #4 F = ,095 r=17 MAP = 12,3 psi
MAT = 580°R. Pc = 15.3 psi

Equivalent Fuel-Alr Cycle

State T P v E £
1 4o 11 25.8 i g .0
2 1%uo 135 5.7 .183 8 %
a 4790 580 el 1933
2960 52 25.8 1343
Work = 4Ui6 Btu MEP = 109 psi Eff. = .262
Standard Air Cycle
8tate T P v
1 80 12, 17.46
2 1260 1873 Z.ug
a 7760 1152 2.49
3570 75.9 17.46
Work = 59% Btu MEP = 214 psi Eff. = .378
Keenan and Kaye Air Gycle
State T P v Vr u
1 80 iz. 17. u6 .
2 1231 1833 Z.ﬁ? 3263.7 1193u6
: 5680 g3 5,149 .Eg 1119.56
3219 68,3 17.45 . 30, 539.4
Work = 464 Btu MEP = 167 psi - Eff. = .320
Actual Cycle
Work = LO9 Btu MEP = 96 psi Eff. = .223

Pmax. = U476 psi

32



Ruh #5

F= 00782

Bquivalent Fuel-Air Cycle

8tate T
1 720

2 1305

a 5000
3200

Work = 465 Btu

S8tandard Alr Cycle

State - T
1 580

2 1260
ﬁ 7760
3570

Work = 594 Btu

R=7

MAT = 580°R.
P v
8 3&.22

10 .
% g
33.32

MEP = 83 psi
2 v
. 22,26
90 2,18
59 22.26

MEP = 168 psi

Keenan and Kaye Alr Cycle

State T
1 580

2 1231
R 5760
3279

Work = U469 Btu

Actugl Cycle
Work = 437 Btu

P \4

.6 22.2
1#2 2 3.17
674 3.17
54,8 22.2

MEP = 133 psl

MEP = 76 psi

Pmax. = 343 psi

33.

MAP = 9,65 psi

Po = 15-3 pﬂi
E £
4o 8 .08
185 8
1595
985
Eff. = .335
Effo = .)'|>60
Vr u
3946 3.46
63. 119,46
Ty
29.008 550.3
Eff. = 394
Eff. = .290



Run #6 = .0782

r=17 HAP

MAT = 580°R. Pc

Equivalent Fuel Air Cycle

S8tate T
1 800.
2 1420 -
g 4950
3250

Work = U50 Btu

S8tandard Air Cycle

Btate T
1 580
2 1260
E 7760
3570

Work = 59% Btu

P
46
80 2
320 6
29 TS

UEP = 125 psi

Keenan and Kaye Alr Cycle

State T
1 580
2 1231
a 5750
3279

Work = 469 Btu

Actual Cycle

Work = 424 Btu

MEP = 99 psi

MEP = 51 psi

Pmax = 255 psi

]

34.

7.18 psi
15.3 psi
E f
87 8 .10
205 8 .
1590
992
Eff. = .332
Eff. = U460
Vr u
946 A6
3563.'{' 113.46
o 11HE 1138
29.008 55003
Eff. = o394
Effo = .282



35.

Run #7 F = .0782 r=17 MAP = 5.9 psl
MAT = 580°R. Po = 15.3 psl

Equivalent Fuel-Aixr Cycle

Btate T P \' E £
1 oM .12
> 1%‘&?; 6 9 12 7
R 41820 o2 s.g 153

3120 22 5% 958
Work = 438 Btu MEP = 46.5 psi Eff. = 333

_Standard Ailr Cycle

Btate T P v
1 g0 . 6.4
;R g
i 3%70 364 322u
Work = K94 Btu MEP = 106 psl = Eff. = .U60

Keenan and Xaye Air Cycle

State T P v Vr u
1 580 5.9 36,4 3. 46
2 1221 87.7 5e2 56& 119,46
ﬁ K760 3 2.2 14l 1138
3279 33.4 36.4 29,008 550.3
Work = 469 Btu MEP = 81.2 psi Eff. = 394
Actual Cycle
Work = 403 Btu MEP = 37 psi Eff. = 268

Pmax = 191 psi



Run #7

Equivalent Standard Air Cycle

Btate T P v
1l 20 . o
g éé&s’ 3%2 5%33
7 3760 a?.u T 59.W

Work = 604 Btu MEP = 64 psi

Equivalent Keenan and Kaye Alr Oycle

Btate T P v
1 800 o
2.  16h2 71?6 52.5
3 692 283 S.E

3598.7 22.1 59.

Work = .531 Btu MEP = 56 psi

36.

Eff 460

Vr u

17514 1,57
250.2 199

3.002 121&

21,014 26

Eff = .353



37.

- Run #é F = .0782 r=17 MAP = 14,3 psi
MAT = 580°R. Pc = 15.3 psi

Equivalent Fuel-Air Cycle

State T P v E £
1 670 12 22 30 8 «056
2 1220 122 3.1l 156 s
13; 5000 80 3.4 1593
3200 61 22 980
Work = U487 Btu MEP = 139 psi Eff. = 342
Standard Alr Cycle
Btate T P v
o 580 14,3 15.0
2 1260 217 2.1l
a 7760 1340 2.14
3570 88 15.0
Work = 594 Btu MEP = 249 psi Eff. = U460
Keenan and Kaye Alr Cycle
State T P v Vr u
1 "~ 580 14,3 15 3946 3.146
2 1231 217. 2.1 563.7 119,46
a 5760 1010. 2.1 o 11H} 1138. ‘
3279 81l.1 15. 29.008 550.3
Work = 469 Btu MEP = 196 psi Eff. = 414
Actual Cycle
Work = 418 Btu 1 MEP = 116 psi Eff. = .278

Pnax = U497 pei



38.

Run #9 F = .0782 r=28  MAP = 12.3 psi
MAT = 580°R. Pc = 15.3 psi

Equivalent Fuel-Alr Cycle

8tate T P v E £
1 6l40 ] 26.5 23 8 .056
2 1220 145 3.3 155 8
3 5000 640 2.3 1592
3100 g 26.5 950
Work = 510 Btu MEP = 119 psl Eff. = .358
Standard Air Cycle
State T P v
"1 560 12,3 17,46
2 1328 225 2.18
Z 73&8 1348 2,18
3l70 73.6 17.46
Work = 630 Btu MEP = 222 psi Eff. = U480
Keenan and KayeAlr G;icie
State T P v Vr u
1 580 12.3 17.k5 3946 3. 146
2 1292 219.5 2,18 93.25 131
a 5900 1000 2.18 3.822 1171
3215 68.1 17.45 30.576 538.5
Work = 506 Btu MEP = 179 psi Eff. = .394
Actual Cycle
Work = HI3 Btu 1 MEP = 103 psi Eff. = .294%

Pmaex. = U468 psi



39.

Run #10 F = 0782 r= 6 MAP = 12,3 psi
MAT = 580°R. Po = 15.3 psi

Equivalent Fuel-Air Cycle

Btate 7 P 4 v E £
1 400 12 26 56 8 .07
2 1360 - 120 L.u 190 s
g 5020 500 L L 1611
3400 54 26 1040
Work = 437 Btu MEP = 109 psi Eff. =.315

Standard Air Cycle

8tate T P v
1 580 12.3 17.46
3 %‘éﬁ% % ek
3685 175 i7.
Work = K46 Btu MEP = 203 psi Eff. = U35

Keenan and Kaye Alr Cycle

8tate T P v Vr u
1 g0 12. 17.1 46 L6
2 . 1?63 148 ? g.9§ 3251.66 103.8
z 5597 710 2.3% .582 1098.8
3320 70.4 17. 27.492 562,
Work = 433 Btu MEP = 161 psi Eff. = 372
_ Actual Cycle
Work = 415 Btu 1 MEP = 96 psi Eff. = .276

Pmax. = 384 psi



40.

MAT = 580°R. Pc = 15.3 psi

- Egquivalent Fuel-Alr Cycle

State T P v E £
1 800 11.5 27.5 58 s .085
2 1310 90 55 176 s
a 4230 380 5.; 1580
3485 52 27. 1061
Work = 4Ol Btu MEP = 98.5 psi Eff. = .291

8tandard Air Cycle

State b P v

1 580 12.3 17.46
2 1105 %% g.ﬁg
R %%Zo &0 17.1456
Work = 485 Btu MEP = 188 psi Eff. = Lok

Keengn and Kaye Air Cycle

State T P v Vr u
1 &0 12, 17.4 u6 U6
2 1386 115 ? %.49 3%89.2 2.76
ﬁ 5368 570 3.49 5302 1043,76
3355 71 7.k 20.535 570.3
Work = 384 Btu MEP = 148 psi Eff. = .342
Actual Cyecle
= 258

Work = 388 Btu 1 MEP = 88 psi Eff.
Pmax. = 315 psi ’




41.

Run #12 F =,0782 r=14 MAP = 12,3 psi
MAT = 580°R. Pe = 15.3 psi
Eguivelent Fuel-Alr Cycle
Btate T P v E f
1 720 10 29.4 1o g .110
- 1120 62 7.3 130 s
3_ uﬂ6o 280 7.& 1503
3490 kg 29. 1065
Work = 348 Btu MEP = 85 psi Eff. = .260
Standard Air Cycle
Stete T P v
1 580 12,3 111.1;6
2 1010 85.7 .36
a 5680 565 It 36
3830 8l.2 i7.
Work = 409 Btu MEP = 169 psi Eff. = .362
Keenan and Kaye Air Cycle
State T P v Vr u
1 80 12.3 17.4 qlig U6
2 399 8L.6 u, 32 3986. 5 Zg 83
2 5055 log A.E_g 6.55 968.8
3368 71.5 i7. _ 26.2 5733
Vork = 322 Btu MEP = 133 psi Eff. = .306
Actugl Cycle
Work = 323 Btu 1 MEP = 71 psi Eff. = .21k

Pmax. = 216 psi
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Run #12

Equivalent 3tandard Air Cycle

Btate s P v
1 794 10 29.40
g e 5T 1:%2
Z Leto 58.5 29:30
Work = U90 Btu MEP = 120 psi Eff = .362

Equivelent Keenan and Kaye Alr Cycle

Btate T ' P v Vr u
1 10 29,4 1779.6 ko,6
2 1% g 68 1.3 lﬁﬁ.g 140.39
3 6351 320 7.3 2,118 1280.3

43195 52.9 29. 12.472 . 765

Work = 416 Btu MEP = 103 psi Eff = .276

g ;o
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