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OBJECT

Theoretical engine cycles are valuable because 

they give a limit which could be reached theoretically In 

an actual engine and they are simple to compute, 

building an engine the maximum writing pressures and tem-

Before

peratures can be approximated so that the designers will 

have some basis on ^^hich to work. After the engine has 

been built an Indicator card can be made and compared to a 

theoretical cycle to determine the type and magnitude of

losses; this Information wUl aid In obtaining better re­
sults.

The E(|ulvalent Fuel—Air Cycle has been 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 Its 

simplicity of calculation and because no charts are required. 

The Keenan and Kaye data, which Includes the effect of

Variable specific heat only, la new and has never been used 

for comparison to actual gasoline engine cycles. Calculating 

the cycles with these tables is fairly 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 visual comparison is shown for all Equivalent Puel-Alr 

Cycles and three of eaoh of the other two theoretic^

The working basis for each of these oycles iscycles, 

also explained herein.

HIOOEDURE

The first step was to run #1 C.P.R. 

the Sloan Automotive Laboratory at M.I.T.
engine in 

The Intake
temperature 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 ri^ the fuel 

was drawn from a burette and the time measured. If this
time did not coincide with the calculated time the 

reading was changed and the run taken over, 

exhaust pressures were obtained from

rotameter 

The Intake and

mercury manometers.
The speed was held constant by adjusting the speed 

black lines on the flywheel appeared motionless
so that

under the

The desired compression 

ratio was obtained by setting a micrometer screw on the

illumination of a stroboscope.

engine block and cranking the cylinder head to 

Best power spark advance, which
that point, 

was used on all runs, 
found by advancing or retarding the spark, while the speed 

was held constant, and observing the scale reading on the

vms
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To prevent trouble from detonation 100dynamometer trake. 

octane gas was used for all runs.

The indicator cards were taken on M.I,T. High

All pressure plok-up units were constructed

Top dead 

Then, by connecting the

Speed Indicator, 

to give an accuracy within 1“ Hg or about 0,5 psl.

center was first set approximately.

indicator spark to the light in the spark-advance indicator on 

the engine, so that the crank angle could be read every time 

the Indicator would spark, dead center was set accurately by 

rotating the cam on the high speed Indicator so that the light

The resiating in-flashed at a oranlc single of zero degrees, 

dlcator cards of pressure versus crank an^e were converted 

to P-V plots on the converting table in the laboratory.

of the P-V plots was found by planlmeterlng each cycle

The

area

three times and taking the average.

Schematic diagrams of the C.P.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 TaliLe

shown in Figures 3 and 4- respectively.

A total of twelve runs was taken as follovra:

pix*st set Rims 1-^

Fuel Air Ratio 
Speed
Compression Ratio 
Inlet Pressure 
Back Pressure 
Inlet Temperature 
Spark Advance

are

Variable 
1200 r.p.m,

25 ins. Hg 
31 ins. Hg 
120°F.
Best pov/er
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Second Set Runs 5-2

Variable 
1200 r.p.m,

31 ins. Hg 
lEOOP.
.0732
Best power

Inlet Pressure 
Speed
Compression Ratio 
Back Pressure 
Inlet Temperature 
Fuel-Air Ratio 
Spark Advance

Third Set Runs 9-12

Compression Ratio 
Speed
Inlet Pressure 
Back Pressure 
Inlet Temperature 
Fuel-Air Ratio 
Spark Advance

Variable 
1200 r.p.m. 
25 ins. Hg 
31 ins. Hg 
I20OF.
.0732
Best Povrer

/

The actual data are shown in the Appendix.

BASES OF CYCLES

It was with considerable difficulty that the 

for each of the different cycles was chosen since the 

method of calculating the cycles must be simple in order to 

make them practical yet they must also have some meaning, 

for comparison.

basis

Equivalent Fuel-Air Cycle

The Fuel-Air charts. Thermodynamic Characteristics 

CgH^s and Air (Hershey, Eberhardt, and Hottel), 

are constructed on the basis of the followingi

of l^ixtures of

I
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of air gives only enough oxygen to burn 0,0665 lbs. of fuel. 

If the fuel air ratio Is less than .0665 the available heat 

is F X 19,240 Btu.s per lb. but when P Is greater than 

0.0665 there is not sufficient oxygen in one pound of air 

and hence the available heat is only ,0665 x 19,24o or 12S0 

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 is used as the heat input to put the re­

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

Equivalent Standard Air Cycle

For this cycle, calculated for runs 1, 7 12

and plotted in Figures l4, 20 and 25, the basis of one poxind 

of air was still used but the initial presswe and volume 

v/ere the same as in the actual cycle so that the plots xrould 

all start at the same initial conditions, 

for these cycles was (1-f) times the available heat xvhere 

f was obtained from the equivalent fuel-air cycles.

done to give a better approximation to the actual volumetric 

efficiency and thus alloxf the cycle to be called equivalent 

and make a better visual comparison xdien plotted.

The heat added

This

was

Keenan and Kaye Air Cycle

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

#(l-F) Air

p ^
Fuel

1 ^Total Mixture

but the F pounds of fuel are assumed to act like air and

The heat of com-

jqijf times the heat of combustion

hence all values are per pound of air. 

bustlon is therefore 

discussed in the Standard Air Cycle.

Epuivalent Keenan and Kaye Air Cycle

This cycle was calculated on the same basis as 

the Equivalent Standard Air Cycle in every respect.

I
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DI8GU83I0H OF RESULTS AMD GOIIOLU8ION3

The results are represented in graphical form 

by Figures 5-I3 for the standard air, Keenan and Kaye, 

fuel-air, and actual engine cycles, shovd.ng variations 

in thermal efficiencies, maximum pressures, and ratio 

of IMEP to theoretical KEP with varying compression 

ratio, fuel-air ratio, and inlet pressure, 

oiencies of the stsindard air and Keenan and Kaye cycles 

follow the same trend, the lower efficiency and 

of the Keenan and Kaye occurring, since the variation 

of specific heats with temperature is accounted for.

The specific heats increase vrf.th increasing temperatures.

The effi-

m.e.p.

thus lowering k; all other assumptions are explained in 

the Basis of Gyoles. The fuel-air cycle, which dis­

cards the assumption of a reversible cyclic process and 

contains heat from the chemical reaction of the vrorking

medium itself, most closely approximates the actual 

The lower efficiency of the actual cycle is 

caused by Incomplete mixing of fuel and air, 

simultaneous burning of various parts of the charge.

cycle.

non-

time required for chemical reaction, direct heat losses, 

and time required for escape of exhaust

The actual indicated efficiency is not 

stant with varying inlet pressure.

gases.

a con-

The deviation is
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^i/hen plotted a-due to heat, time and blo\^wn losses, 

gainst fuel-air ratios, the air standard efficiency is a

constant belov: chemically correct fuel-air ratio, and the 

efficiencies of the remeilning cycles increase with decreas­

ing fuel-air ratio tending toT^ard air standard efficiency 

The efficiencies decrease at fuel-air ratios 

greater than chemically 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-air ratios greater than 120/S chemically 

correct, the ratio of IMEP to theoretical liEP decreases 

with increasing fuel-air ratio.

temperatures with eui excess of fuel also lov/ers the mean 

effective pressures at these fuel-air ratios. The lower 

energy content and the slov/er combustion rate in the ac-

as a limit.

The lowering of the •

tual engine below chemically correct account for the

This ratio ofpositive slope due to the lesser II-IEP.

IMEP to theoretical MEP follows the same trend when plotted

The curves droop with inlet 

pressures higher than 12,E psi due, perhaps, to undetected 

Versus compression ratio the trend is very 

similar, the discrepancy of the fuel-air cycle coming with­

in the error of calculation.

The actual and fuel-air maximum pressures increase

against inlet pressure.

prelgnltlon.
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with Increasing fuel-air ratio because of better combus­

tion rates and an increase in the number of molecules,

seemingly in a straight line function for the range cover- 

Belov; chemically correct fuel-air ratios the maximum 

pressures drop since the energy content in the smaller a-

The constant maximum

ed.

mount of fuel added is less.

after chemically correct follow from the basispressures 

of the cycles 

equal to that of chemically correct combustion.

Figures 5-13 show the actual indicator diagrams

the equivalent heat added was- l.e • »

upon which the theoretical cycles have been superimposed. 

The fuel-air cycles are plotted for all runs. Figures

14, 20 and 25 also show the standard air cycle and Keenan

The compression lines of the above twoand Kaye cycle, 

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 actual diagrams with low

manifold air pressures la good since the densities and 

temperatures are lower and heat transfer less, 

comparison of blow doTO, heat transfer and maximum press-

The low compression

A visual

is obtained from these plots.

Figure 20 probably occurs .from an incorrect at­

mospheric line on the indicator card.

The feasibility of multiplying the theoretical

ures

line of

efficiencies by a constant and getting the actual effic-

V/hen the average value of the con-iency is not good.
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atant for each cycle was determined the follovring results 

with the mazlmum percent deviation from the mean value 

were obtained.

.834 X Eff. (fuel-air cycle)(l) Eff. (actual) *=

Maximum error = 6,10/o'

.61^- X Eff. (standard air cycle)(2) Eff, (actual) =

Maximum error = 5-36/«

.723 X Eff. (Keenan and Kaye 
cycle)

(3) Eff. (actual) =

Maximum error = 5*55^

It was necessary to extend the Keenan and Kaye

Air Table to the higher temperature of the Internal com-

The extension which Is Included Inbustlon engine, 

this thesis was tabiaated by using first order interpola­

tion for Internal energy and second order Interpolation

The table has been checked a-for the relative volume.

gainst experimental results of Professor Kaye and u is 

accurate to the first decimal place, Vp

The use of this table should

accurate to the

second decimal place, 

prove to be very Interesting at extremely low fuel-air 

ratios as in the gas turbine where the Keenan and Kaye 

cycle should closely approach in its limit the actual

cycle.
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TABLE OF SYMBOLS

brake mean effective pressure 

total internal energy 

energy of combustion 

internal energy exclusive of energy of 

combustion 

fuel-air ratio 

indicate! mean

indicator cards) 

manifold absolute pressure 

manifold absolute temperature 

mean effective pressure

BMEP

S

Eo

Es

P
effective pressure (from

IMEP

MAP

MAT

HEP

pressure

exhaust or back pressure 

compression ratio 

spark advance 

internal energy 

voliime

relative volume

P

Pe

r
I

S.A.

u

V

vr
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Computation of Actual Cycle for Rtm #1

The mean effective pressure from the P-V caras 

Is calculated from the equation

psiIMEP = Lc

r= area of P-V plot, sq. Ine.

Lq = length of P-V plot,

= spring constant, lbs. per in.

(q.o6)(ioo)

Acwhere

Ins.

K

= 101 pslIMEP 5

The efficiency is the ratio of work output to

the heat input

PLAN Btu per lb. of raw airWork = 77g Wa

P s= IMEP, lbs. per sq. ft.

L = length of stroke, ft.

A = area of piston, sq.ft.

N = no. of intake strokes per sec. 

Wa = air consximptlon, lbs. per sec.

(101) (4.^5) (3.2q)^(lO)C3«l-^)

(12)(77^)C^)(«00915)
= 442 Btu per lb.

of airWork =

P lbs. of fuel are also added, 

value of P lbs. of fuel is P(19,24o) Btu.
Por each lb. of air

The heating
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Heat input = (.O7g2)(l9,24o) = I507 Btu

1142
= .293Efficiency = J507

Qomnutatlon of Eaulval ent Fuel-Mr Cycle for nxm.Jjl

To find the Initial conditions a point low on 

the expansion line such as A, Figure l4, is selected 

and volume measured with a scale.and the pressure

Piston displacement = 37»^ sq.ln. - Vpp

= 6.23 sq. in, =Clearance volume

Cylinder volume of A = Vpjj + Vq^

(37.1^) + 6.23 = 39.^VoA = 5
The volume on the fuel-air chart at this point,

Vc (1-f)cylinder volume, ft.^
lb, of air in cyiinaerVa =

B = weight of air taken in per stroke 

f = fraction of residual gas 

Vq = cylinder volume at point in question 

= chart volume at point A

B

to f and the chart volumeA guess is made as

f = .065computed.
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C^Q.1;U.93»5) _

(1726) 9.15 X 10
= 23.3 ou.ft.

Va =

= 46.6 pal.

the bxirned fuel-air chart and 

of constant entropy la followed to Pg find V^.

Pg = 15.3 pel 

= 55 cu.ft.

from diagram

Then this point is found on 

a line

^5

^1Va^2 s
Vcls;

^oAY02

= (6.23) =

.0647

3,69 ou.ft.
^2

72 the assumption of f = .065 is good,

vi - =

Since f = V7
5

25.63 cu.ft.

Another point, B, is then selected on the oom- 

of the diagram such that the pressure canpresslon line 

easily be read.

3^ (37.^) + 6.23 =

Vb =■ [^] ‘“-T' =
= 27.6 psi

20.7
Vqb -

12.3 cu.ft.
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This point is found on the unburned chart and 

a line of constant entropy is followed to to find

At the point , Pi Vi, thethe initial pressure Pi* 

initial temperature, Ti, and sensible internal energy

or internal energy exclusive of energy of combustion

is- found.

= 10 psl

Vi = 25.S3 ou.ft.

= 670°R 

Egi = 30 Btu
'^1

Then a line of constant entropy is followed on 

unburned chart to point 2 (Figure 15) and where 

Vg is already known.

the same

= 3.59 ou.ft.
= 130 psl 

= 1265°R 

Eg2 = 165 Btu

Vs

^2

"2

Combustion takes place from point 2 to point 3 

and the energy of combustion. Eg, is calculated from the 

formula on the fuel-air chart.

Eg = (1507)(1-r) + 300f
= (1507){.935) + (300)(.065) = 1429 Btu 

E3 = Egg +.Ec = 1429 + 165 = 1594 Btu 

^5=^2= 3.69 ou.ft.



le.

Point Ej, Vj la then found on the turned chart vrhere 

the P-2 and T, are read3 3
Pj = 560 pal

Tj = 5000°R

From thia point a line of constant entropy la again fol­

lowed to Vi|. = and the values again read directly

Vij. = 25.S3 cu.ft. 

\ = 53 psl 

% = 3230

Eij. = 990

The work of the cycle W, the mean effective 

pressure, MEP, and the efficiency are then calculated 

by the following equations

W = (E3 - E4) - (Eg2 - Egl)

= (159*<- - 990) - (165 - 30) = 469 Btu

W
MEP =

Vi- V2

(46q)(77g)
(iW = 114 pal- (22.14)

WEff = ll-f)1507 

U935?(15^>7)
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Computation of Standard Air Cycle for Run #1

A reversible adiabatic process is assumed from 

1 to 2 (Figure I5) and from 3-4- and a constant volume 

is assumed from 2 to 3 and from 4- to 1. Asprocess

explained in the Bases of Cycles the conditions at point

1 are assumed to be those in the manifold where tempera­

ture Ti and pressure were measured.

vi = - - k
PI

R = universal gas constant for air

R = 53.35 ft. lbs. per degree Ranklne
per lb.

W = weight of air = 1 lb.

= 17.46 ft^
“ (12.3) (1^)

Prom 1 to 2
= i v_ = = 2.49 ft^

r 1 7^2

Pi ^1 = P2

k ai 1,4 for air

Pa -

for a reversible adiabatic process.

1.4
Pl = (12.3)(7) = igy psi

Cig?)(2.49)(144) = 126o°R^2
(53.35)R
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Prom 2 to 3

Heat, Q#, Is added at constant volume and since 

volumetric efficiency of 100^

(Available heat)(“^)

Q = WO^ (T-j - Tg) vilere 0^ = specifio heat of 

air at constant volume 

0^ _ ,165 Btu per lb. per degree Ranhine

^^3 “ -^ + Tg “ ^

2 = 2.49 ft^

we assume a

*= 1230 Y = 109^

+ 1260 = 776o°R

= V^3

(R's.'»;t^)(776o) 
" (2.49)(144)

RT' = 1152 pal.
■’3

Prom 3 to 4

= P4.V4.^

P4= P3 V4 

= 17.46 ft^

in P4'''’4 - (75«9)(17»46)(i44) _
^4 - “1“ " - - ('53.'551

1.4
= 1152 (y)& = 75.9 pel

^4

Work = M Oy (T^ Tg) - ^®4 ^

= .169 (7760 - 1260) - (35^0 - 300) =

594 Btu
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W
•^2 "HEP = (li^.97)

The efficiency based on the amount of available

heat is

-lit = .591Eff

This efficiency can be checked by the following;
li
^ = .5IH

Eff.

In order to base the efficiency on the amount of poten­

tial heat \dien P = .07E2 Instead of the heat added in 

the cycle ^ich is that for a chemically correct mixture 

containing one pound of air, the resulting efficiency is 

multiplied by the ratio of chemically correct to actual 

fuel-air ratio and we get a result which more nearly 

approximates the actual

.o66t;
= .460(.541) .0782

Computation of Keenan and Kaye Air Cycle for Run #1

°R PVvrState u

3946

563.7

1021.53.465801

149119.4 

1316 .

626.4

2 1231
3 6500

4 3599

7843.072.997

20.979 6221.5
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The mixture of air and octane Is assumed to he

equivalent to air as regards the relationship between its 

State 1 Is determined by the manifoldproperties.

temperature and pressure, the values of u and Vj, being

Since Internal energy enthalpy.read from the tables.

and specific heats depend upon the temperature only, 

the manifold temperature of 5S0°R. determines these

The specific volume Is determined however.properties.

from the perfect gas law, the manifold pressure being

used.

144- X 10
RT = 21.5

V = T "

compression ratio being 7, the relative volume idilch 

determines state 2 must be 1/7 of state 1, the entropy 

being constant.

The

39 W7 = 563.7

internal energy at point 3 equals the energy of theThe
Theproducts base at 2 plus the energy of combustion, 

of combustion being computed byenergy

(19,240 X P) X 1/2+-P X ^ -

= 119719,240 ^ 2. + .0722

19,240 = Btu/ lb. fuel 

F = fuel-air ratio



2;^.

= factor based on assumption that fresh

(19,240 X F)
r

charse fills the piston displacement only.

BttVlb. air never is greater than 1280, the equivalent

heat of chemically correct combustion, and the fiaotor

^ lbs. air/lb. mixture, determines the basis of
1 + F
combustion as BtVl^* mixture".

uj = Ug = 119.7 + 1197 = 1316 

Il*om this value and Keenan and Kaye table, T^, v^
Since 2-5 is a constant volume process;

are

determined.

i3.34 X 650
144 X 3.Ot

^3=^ = 
^2

The relative voltune at state 4 is 7 times that 

at state 3 and the remaining properties correspond to 

this value.

Computation of Equivalent Standard Air and Equivaleat 
Vnonnn anr^ TTpyo Cvclea for Run 1

The" pressure and volume of. point 1 are tadcen

from the Equivalent Fuel-Air Cycle and the temperature

calculated.

25.83 ow. ft. •Vi =

= 10 psl

^1^1 (25.831(10)(144)
= 695*R'^1 =-K 53.35

Bach cycle is then calculated by the methods shown above

except that the heat added in both is (l-£) times the- 

chemlcal energy of a chemically correct mixture where f
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is also objiainad from the Equlvalant Pual-Alr Cycle, 

f = .065

Q= (l-f)(P)(19,240) = (.9S5)(:0665) (19,240) 

= 1196 Btu
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EXTEHSIOH OF KEEHAI4 AIID KAY AIR TABLE

T°R lxu

5.197
5.130
|.064-

1051.51
1056.32
1061.15'
1065.9^
1070.75
1075.56 
logo.37 
1035.13 
1089.99
1094.80
1099.61
1104.42

5400
5420
5440 9995460 ^•§55

tp
4.630
4^572

5480
5500
5520
5540
5560
5580
5600
5620 4.51

no5640 4.4o1115660 4.3501118.85
1123.66 
n28.47
1133.28 
113s.09
1142.90
1147.71
1152.52

1166.95
n7i.76
1176.57
1181.38
1186.19
1191.00
n95.3l
1200.62
1205.45
1210.24
1215.05
1219.86
1224.67 
1229.48
1234.29
1259.10
1245.91
1248.72
1253.53 
1252.34
1265.15

5680 Pi4.194
4.144
4.095
4.047
4.000
3.95^^
3.909
3.265
3.222
3.720

3.660
3.622

5700
5720
5740
5760
5720
5S00
5820
5840
5860
5880
5900
5920
59^
5960
5980
6000
6020 3.525

3.5*t? 
3.514
3.480i447

3.324 
3.354
3.325 
3.297
l-M

. 3.219 
3.195

6o4o
6060
6080
6100
6120
6i4o
6160
6180
6200
6220
6240
6260
6280
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VET°R u

1267.96
1272.77
1277.53
1232.39
1237.20
1292.01
1296.32

1320.37
1325.6s
1330.49

3.172
3.150
3.129
3.109
3.090
3.072
3.055
3.03?
3.024
3.010
2.997
2.9S5

6300
6320
6340
6360
6530
6400
6420
6440
6460
6430
6500

6560
6530
7000
7020
70^
7060
7030
7100

2.9

2.94o
2.934
2.929
2.925
2.922

.30335. 
1340.
1

11
1344.92

im
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MAP = 12.3 psl 

Po = 15«3 psi

Run #1 F = .0732 r = 7

MAT = 5gO°R.

Equivalent Fuel-Air Cycle

E fVPTState

.064525-13670 10 810I1
3.69 159I130

560
1265 
5000 
3230

Work = 469 Btu

82

I 3.69
53 25.S3 990

MEP = 114 pal Eff = .333

Standard Air Cycle

VPTState

12.3 17-465301
2.491260 1372

I 2.497760 1152
75.9 17.463570

Eff = .460MEP = 214 pslWork = 594 Btu

Keenan and Kaye Air Cycle

VrVP uTState

3.46394612.3 17.455301 119.46

29.003 550.3

Eff = .394

2.491S31231 
5760 
3279

Work = 472 Btu

2

I 2.49 113s365
69.5 17.45

MEP = 169 psl

Actual Cycle

Eff = .293Work = 442 Btu 1 MEP = 101 psl

= 4l4 psl^max



29.

Run #1

Equivalent Standard Air Cycle

PT rState

25. S3695 101 §9m15152 3’. 69
S595
3960 3*6956.6

Eff = .4-60l-IEP = 157 PSiWork = 645 Btu

Equivalent Keenan and Kaye Air Oyole

Vr uVPTState
2l^.l6 

163.01
2oI?i9 ^^32.17 

Eff = .389

245g25. S3700 10 
l45g.7 146 
7070 710 
9632.1 52

1 3.69 351.12

I 3.69
25.63

HEP = 220 pal586 BtuWork =
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MP = 12.5 VBi- 
Pc = 15*3

P = .0665 r = 7
HAT = 530°R

Run #2

Enuivalent Puel-Alr Cycle

fEVPTState
.06525. S3

3I69 1360
25.S3 750

665 s101 s1260 130
4970 559
3400 5°

2

I
Eff. = .401MEP = 117 PBlWork =■ 4S0 BTU

Standards Air Cycle

VPTState
iy.4612.35S01 2.491S72 1260

I
Work = 594- Btu

2.491152
2.4975.9

Eff. = .541MEP *= 214 pel

Keenan and Kaye Air Cycle,

Vr uVPTState

%w M
2g.217 556.37 

Eff. = .463

17.^2.49
2.49

17.45

i2.3
1231 1S3

MEP = 172 psi

5801
2

I
Work = 477 btu

Actual Cycle
Eff. = .349447 Btu HEP = 102 pel 

Pmax =

Work =
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Run #3 P = .0605 r = 7

MAT = 5g0OH.

MAP = 12.3 pal 

Po = 15.3 pal

Equivalent Fuel-Air Cycle

State E fVPT

25.62 
3.66
i66
25.62

MEP = 110 pal

.0727 fl 
150 a 
1230

101
12g122

I 4325 530
503200

Eff. = .413Work = 447 Btu

Stanflard Air Cycle

VPTState

17.it6 
2.49

i?:lg
MEP = 194 pal

5g0 12.3
137

1060

1
1260
7160

2

I 703300

Eff. = .541Work = 53s Btu

Keenan and Kave Air Cycle

VrVP uTState
3.^63S¥>12.3 17.ft55301 119.46

1056.46
503.9

563.72.49133
30512312

I 2.m 5.135420
17.^665 35.913062

Eff. = .466Work = 436 Btu MEP = 153 pel

Actual Cycle

Eff. = .347Work = 405 Btu MEP = 93 pal

Pmax = 395 pal
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MAP = 12,3 pal 

Pc = 15.3 psi
Run #4 P = .095 r = 7

MAT = 5gO°R.

Equivalent Fuel~Alr Cycle

V E fPTState

44 s740 25. S .095111
.183 s

Eff. = .262

1340 3.71352

I 4790 5SO 3.7
25. s

HEP = 109 pel

2960 52

Work = 446 Btu

Standard Air Cycle

VPTState

17.46580 12.31
2.491260

7760
1872

I 15.S x?:Si1152
3570

MEP = 214 pal Eff. = .378Work = 594 Btu

Keenan and Kaye Air Cycle

VrVPT uState

3.46394617.!^5S0 12.31
563.7 119.^
4.35 1119.46 

30.45 539.
Eff. = .320

2.4913312312

I 2.4-98435680
68.3 17.45

MEP = 167 pal •

3219
Work = 464 Btu

Actual Cycle

MEP = 96 pel Eff. = ,223Work = 409 Btu

476 palPmax. =
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HAP = 9.65 Psl 

Pc = 15.3 psi
R= 7

MAT = 5gO°R.

F = .0732Ruh #5

Equivalent Fuel~Alr Cycle

E fVPTState

40 s .03

33.32

HEP = 33 pal

37201 135 810513052

I 4.67 1595IS5000
3200 9S5

Eff. = .335Worlc = 465 Btu

Standard Air Oyole

VPTState

22.26 
3.18 
3.18 

22.26

HEP 163 pal

9.75SO1
Ikj
904

12602

I 7760
593570

Eff. = .460Work = 594 Btu

Keenan and Kave Air Cycle

VrV uPTState
3.4633¥>

HEP = 133 psl

22.2
3.17
3.17

22.2

5301 563.7 119.46il44 1138. 
29.003 550.3

Eff. = .394

1231
5760

2

I 3279
Work = 469 Btu

Actual Cycle

IfflP = 76 psi

343 psi

Eff. = .290Work = 437 Btu 

Pmax.



34.

I.IAP = 7.1^ PBl 

Pc = 15.3 psl
r = 7

MAT = 5gO°R.
Run #6 P = .0782

Equivalent Fuel Air Cycle
fEVPTState

.1046.9 57 a7goo1 6.7 205 B 
1590

go14202

I 6.74950 320
29 46.9

HEP = 60.5 pal

9923250

Eff. = .332Work = 450 Btu

S-handard Air Cycle

VpTState

7.2 29.9
109 4.3

5g01
1260 
7760 
3570

Work = 594 Btu

2

I 4.3
29.9

6a
Eff. = .460HEP = 125 psi

Keenan and Kave Air Cycle

Vr uVPTState
3.4639467.18 

106

't.6
HEP = 99 psi ■

5go1 119.46

29.00S 

Eff. = .394

1231 
5760 
3279

Work = 469 Btu

2

I il3g4.3 550.329.9

Actual Cycle

Eff. = .282HEP = 51 psiWork = 424 Btu

Pmax = 255 psi
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1-IAP = 5.9 pal 

Pc = 15*3 pal
r = 7

liAT = 5S0°R.
P = .07^2Run #7

Equivalent Fuel-Air Gyole

fEVPTState

1^5 s
125 a 

I53&

.127^1*5 
59!^

MEP = 46.5 psl

745 51 601340
4320

2

I &242
95s223120

Eff. = .333Work = 433 Btu

Standard Air Cycle

VPTState

36.4 
5.2

,1:1
MEP = 106 psl

9.6
5301

1260 392

I 7760 553 , 36.43570

Eff. = .460
Work = 594 Btu

Keenan Knyg Mr Cycle

Vr uVPTState
3.46394636.45.95301 563.7 119.46

4.144 1133 
29.00s 550.3

Eff. = .394

5.237.7
411 ,
33.4
14EP = 31.2 psi

1231
5760
3279

Work = 469 Btu

2

I

Actual Cycle
Eff. = 263MEP = 37 pelWork = 403 Btu

Pmax = 191 pal
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Run #7

Efiulvalent Standai’d Air Cycle

VPTState

59.!^7^7201 3.492 1560
3.49355
59.423.4

Eff = .460KEP = 64 pelWork = 6o4 Btu

Kave Air CycleEquivalent Keenan and

VrV uPTState
41.57

\
1314
626

1751.4
250.2

3.002
21.014

59.4300 51 1991642 71.6 ^5
S.5
59.4

2
6492 233I 359S.7 22.1

Eff = .353Work = .531 Btu MEP = 56 pel



37.

MAP = 14.3 psi 

Pc = 15.3 psi
r = 7

MAT = 5gO°R.
P = .O7S2• Run #S

Equivalent Fuel-Air Cycle

fEVPTState

30 8 .056
3.14 156 B
3.14 1593

670 22121
152
6gO

1220 
5000 
3200

Work = 4S7 Btu

2

I 98061 22

Eff. = .342HEP = 139 pal

Standard Air Cycle

VPTState
14.3 15.0 

2.14 
2.14

15.0

liEP = 249 psi

5S01
1260 217
7760 1340

2

I 3570

Eff. = .460Work = 594 Btu

Keenan and Kaye Air Cycle

VrV uPTState
3.46394614.3

217.
1010.

81.1

HEP = 196 pal

15580
1231

1 119,46
1138.
550.329.00g 

Eff. = .4i4

2.12

I 2.15760
15.3279

Work = 469 Btu

Actual Cycle

1 MEP = 116 pal Eff. = .278Work = 4l8 Btu

Pmax = 497 pal
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IUP = 12.3 pal 

Pc = 15.3 ?sl
r = 8

I-iAT = 5gO°R.
Run #9 F «= •07S2

Equivalent Fud.-Air Cycle

E fVPTState
.05626.5 23 8 

155 8 
1592

‘ S6401
1^5 3.31220 

5000 
3100

Work = 510 Btu

2

I 640 3.3
26.5 

HEP = 119 pel

49 950

.356Eff.

at.anaftrd Air Cycle

®tate VPT

17.46
2.18
2.18

17.46

580 12.3 
225 

1348

1
13282

I 7948
3470 73.6

MEP = 222 pal Eff. = .480Work = 630 Btu

KPflnan and KaseAlr Cycle

VrV uPTState
3.463946 

%3.25 
3.822 

30.576
Eff. = .394

17.^580 12.3 
1292 219.5 
5900 1000
3215

1 1312.182

I 536.5
2.18

17.»^68.1

Work = 506 Btu MEP = 179 P8i

Actual Cycle
Eff. = .2941 MEP = 103 pelWork = 443 Btu

Pmax. = 468 pal



39.

r= 6 

MAT = 5gO°R.

IdAP = 12.3 PSi 

Pc = 15.3 PSi
P = .07^2Run #10

Equivalent Fuel-Air Cycle

fEVPTState

56 8 .07
190 s
1611
lOlK)

Eff. =.315

26SOO 121 4.4
4.4

1360
5020
3400

1202

I 500
2654

MEP = 109 palWork = 437 Btu

g-hnnanrd Air Cycle

VPTState

17.4612.35301
2.911136 1512

I
Work = 546 Btu

955
1777.5

MEP = 203 psl Eff. = .435

Keenan and Kaye Air Cycle

VrV uPTState
.463946 

27.492

Eff. = .372

17.45
2.91

17.%

530 12.3
1163 143
5597 710 -

1 66 106.3 
109s.S
562.4

2.912

I 70.4 

MEP = 161 psl

3320

Work = 433 Btu

Actual Cycle
Eff. = .2761 MEP = 96 paiWork = 4i5 Btu

Pmax. = 3^^ P®i



40.

IIAP = 12.3 pel 

Pc = 15.3 Psi

Run #11 F = .0722 r= 5
MAT = 5gO°R.

Equivalent Fud.~Alr Cycle

EP V fTState

52 a .025
176 a

200 27.511.51
5.51310 902

I 1520330 5.
106127.52

Eff. = .291Work = 401 Btu MEP = 92.5 pal

Standard Air Cycle

P VTState

17.46
3.49

MEP = 122 pal

520 12.31
117
756

1102 
7152
3760 

Work = 425 Btu

2

I 20

Eff. = .4o4

Keengn and Kaye Air Cycle

VrVPT uState

3.46394617.4520 12.31
92.76

043.76
570.3

3.49 729.21026 115
5362 570

2

I 3.49 ^^21535

Eff. = .342

17.4713355

Work = 324 Btu HEP = l42 pal ■

Actual Cycle

Eff. = .2521 MEP = 22 palWork = 322 Btu

Pmax. = 315 Psl



41.

Run #12 P =.07^2 r = 4

MT = 5g0°R.

MAP = 12.3 pel 

Pc = 15.3 Psi

Eouivalent Fuel-Air Cycle

State T P V S f

29.4 4o s1 720 10 .110
621120 

4760 
3490

Work = 34g Btu

2

I
7.3 130 B

1503
1065

Eff. = .260

220 7*? 
29.449

I-IEP = 25 Psl

Standard Air Cycle

P VState T

17.46
4.36

520 ^2-3
15.7

1
1010 
5620 
3630

Work = lK)9 Btu

2

I 565
21.2 

HEP = 169 pel Eff. = .362

Keenan and Kaye Air Cycle

P VState T Vr u

5055 ^29 4.36
3362 71.5 17.%

IfflP = 133 psl

3946 3.46520 12.3
24.6

1
926.5

6.55
26.2

76.23
962.2
573.3

9992

I
Eff. = .306Work = 322 Btu

Actual Cycle

Eff. = .2141 HEP = 71 pelWork = 323 Btu
Pmax. = 216 pel



42.

Run #12

Equivalent Standard Air Cycle

VPTState

79> 29.40101
69.72 I3S2

3 &132
4 4640

7.35
410
52.5

Eff = .362Work = 490 Btu MEP = 120 pal

Equivalent Keenan and Kave Air Cycle

VrP VState T u

1779.6
444.9 

3.11s
12.472 . 765

^.69
i4o.3

12SO.3
29.413S

6351

101
6g 7.32

I 320
4-195 52.9 29

Eff = . 276416 Btu MEP = 103 psiWork =

i;

- !'
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