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Introduction.

Yost automobils drivers have noticed that the encine
runs smoother on danp ra’ny days or at nisht than on hot
dry days. It has often bean suzzested that water be used
to give this advantzge at all times. Several devices
are on the marizst at the present time which supply sone
roisture to the fuel charze. DReport To. 45, at. Adv.
Com. for Aeronautics, contains the results of some tests
made by V. Ve Drinkserhoff on a class 3, U. S. Army truck
encine with a compression ratio of 3.71 to 1. He found
that the injzection of water into the intake manifold had
l1ittle effect on powar or efficiency for quanitiss of
water up to 0.4 pounds per pound of gasoline. Tor
amounts of watar abovs 0.4 pounds there was a decidzd

decreass in power.

ozt automobile carburetors are adjusted to civs a
rich, power mixtwrse. Ahy decrease in the richness of
this mixtwe will resuit in an increass in econony.
Consequently, it is probablse that any increase in fusl
econony obtained with ths various water supplyin~ devices

is dus to ths extra air supplied by them rathoer thun to

the effect of the water.



2.
For years the malkers of oil engines znd keresine
enzines and tractors have used water to prevent pre-
imnition. The water is supplied by a mixer, an air
cleaner usiny water or by a spscial carbwetor. Consid-
erable increase in the conpression ratio of kerosine

5

tractors ras been effscted Hy this use of water to prev-
ent pre-ignition, detonation and chemical "cracking" of

the fu=sl.

The use of water as an anti-detonant for automobile
en~inces instead of tetra ethyl lead has been suzzested
by }arce Chauvierre in an article "L'eau, antidetonant”
in La Technique Autonohils et Asrienne Vol. 16, "o. 129,

Fe gives some vary interestinz and favorable rasults

ohtained from tests run on 2 sin<le crlinder sas enzino.



Chiect of Investization.

The purpose of the pressent investization is to
deternine; first, the valus of water as an anti-detonant,
and second, its effact upon (a) the actual enzine and

(») the ideal eycle.

Tquip ment and Apparatus Used for Tests.

The experimental tests were run on a Ileo Flyinz
Cloud six cylinder engine havins a bore of 3% inchss
and a stroke of 5 inchses. The normal compression ratio
of this encine was 4.91 to 1. Tour special heads were
obtained ziving compression ratios up to about 8 to 1.
These cylinder hecads are shown in I'ig. 1. ITumber 5 head

was never usecd.

The volume of each combustion space was carefully
measured by means of a burette and when necessary netal
was removed by machinin~s to make these volumes nearly
the sams for each cylinder. Table I ~ives the data for
these cylinder heads. They will e deszisnated by the
nunbsrs showm in the table and on the fi~rure, Mumber 1
is the standard head. Tests run with iTo 4 head were not

satisfactory, so some chances wore made in the head by

srindingz.



Table I.

Combustion Chamher Volumes and Observed

Compression Pressures.

Displacement of one cylinder = 41.6 cu.

Hzad Cylinder 'umber.
o, 1 2 > 4 5 6

Volues in c.c.

1 173 173 173 176 173 174
2 156 156 150 150 155 152
3 135 132 132 135 127 134

4before 106 110 111 110 109 109
4after 111 112 116 112 1C9 111

in.

Avsr- Comp.

a~a.

174
151
132
109

112

Compression Pressures in 1bs./sq.in.

Veasured with Okill Compression Gazs.

3 111 111 110 102 115 110
4before 131 130 131 122 135 132
4after 139 139 139 137 140 14C

Tote: the valves were ground at the

the chances were made in 'o. 4 hsad.

110

2] .
latio.

4.91
5.51
6.16
7.24

7.08

time that



The encgine was connected to a 100 H.P. Sprague
electric dynamometer which can be ssen in Fiz. 2. The
dynamometer control panel is shown in Fig. 3. The
electric tachometer and spesd counter is attached to the
control panel. The automatic control for the tachomseter
and speed counter and the fuel weighinz device was not

used for these tests because this method of measuring

Figo B

Cylinder Heads Used for the Tests.



Fi". 2.

General View of the Test Equip aent.



Figo 3.

View of Dynamometer Control Panel and Fuel

Measwring Equip ment.



8.
the fusel required much lonser runs than the gasoline
measuring pipette shown in the upper left hand corner.
The pipette held just 210 c.c. of gasoline and the time
required by the engine to consume this amount was found
with a stop watch. This size of pipette is such that
it gives the gasoline consumption in pounds per hour

when a constant, 20, is divided by the time in minutes

required for it to empty.

Fig. 4.

General View of the Manifold Arrangement. *°



9.
The water injected was measursed by similar pipsttes
shown in the upper loft of Fiz. 2. Thres pipettes with
woluues of S6 c.c., 105 c.c., and 210 c.c. respectively

were used, depanding upon the rate of water injection.

The method of injecting the water into the intake
manifoeld is shown in I'is. 4. Standard copper tubing
fittines were uscd and orfice plates were inscrted in
them. Six sets of water injection nozzles with various
size orfices were used to obtain the desired amounts of
water. Five of these sets are shown on the front edge
of the table in Fiz. 5. This method of injecting the
water was used to obtain an even distribution of the
water to the various cylinders. Tach nozzle supplying

water to two cylinders.

As shown in Fiz. 4 the exhaust manifold was fitted
with a gas sampling cock and a thermocouple for each
cylinder. The thermocouples were inserted into ths
oxhaust manifold throush packing glands made of copper
tubing fittings. The thermocouples were madse of lTo. 22
Chromel and Alumel wire inserted in two hole porcelain
insulators. The voltaze of the thermocouples was meas-
red hy a laboratory type potentiometer shown in Ti~. 5.

A switch board was made of six standard double pole single
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throw switches. The thermocouples were calibrated in
an electric furnace with a standardized Platinum Iridium

thermocouple.

b
The exhaust gzas analysis was obtained by a buj}ing

type Orsat apparatus shown in Figs. 2 and 5. o results

of any particular valus were obtained.

Fig. 5.

Potentiometer and Orsat Apparatus.
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Fig. 6.

View of Device Used for Indicating Spark Advance.
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The coolinz water was repjulated by the thermostat
wvhich is standard equipgment for this enzine and the
tenperature was given by an indicatinz thernonster. The
0il pan was water coolcd and the terLperztuwre of the oil

shom by another indicatiny thermometer.

The davice for obtalnins the spark advance is shown
in T'is. 6. It consists of a ring sraduated in de-rees
and a slip riny and pointer. These are insulated from
the foundation and are connected in serises with the hich
tension lead from the spark coil to the distribduter.

The pointsr is set to zero with the engine at dead center
lteadings are cohbtained by noting the point at which the
spark Jjuups from the revolvins pointer to the graduated
rinzte A switch is provided for short circuiting the
device when it is not in use. Tho devics was dosigned
by the author and was constructed in the departrient

shops. A sinilar device has becn used at Pudue Univer-

sity.



13.
Tests to Determine the Value of Viater As an

Anti-Tetonant.

To determine to what extent the advantases of hish
conpression could be realized with water as the anti-
detonant a serises cf tests wsre run for maxinum power
conditions. The engine was run with wids open throttle
at speeds starting at about 420 R.P.}. and goinz up by
increments of 400 to 28C0O R.P.ife and then at 30C0 R.P.M,
The engine gave the most power at the latter spsed and
this speed was not exceeded for fear of injurin~ the
engine as the stresscs are considerahly increased by the
increase in compression. During the tests no water was
supplied to the ensine when usin~ the standard head and
Just sufficient water to prevent pre-iznition and deton-
ation when using the higher compression heads. To secure
the maximum power it was necessary to advance the spark
to a point where there was a considerable "spark knock"
in all cases. This was probably due to the slight
differences in compression pressures in the different
cylinders. The variation in these pressures can be seen
from an inspection of Tabls I. The compression pressures

were measured by an Okill guage.

The results of these tests for heads Tos. 1, 2,

and 3 are shown in Table! IT and graphically in Fias. 7.
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Table IT.
Maxinum Brake Horse Power Tests.

N.P.Y. B.H.P. Torque ILbs. Gas.Spark Dez.Vatar/Gas.
corrected Lh.ft. /B.H.P.hr.Advance. Lbs./1b.

Cylinder Head IMuuber 1.

414 11.1 140.5 756 12 c.0
795 23.5 151.2 644 16 C.0
1230 37.0 158.0 . 6C0O 20 0.0
1595 47.6 156.5 .583 26 0.0
1990 59.2 156.0 573 30 C.0
2375 67.6 149.5 «569 34 0.0
2775 74.0 140.0 . 587 35 0.0
2995 75.6 132.5 .615 >5 0.C
Cylinder lead Mumber 2.
413 11.1 141.0 e 793 15 C.5C
795 24.2 16C2.0 622 15 0.3C
1185 z6.9 153.5 .596 20 C.22
1590 47.8 156.0 «513 27 0.18
1295 61.0 160.5 545 28 0.16
2400 71.4 156.0 . 549 32 C.14
2800 78.2 146.5 .568 34 0.13
2698 79.C 138.5 « 587 34 0.14
Cylindsr Head 'umber 3.
474 13.7 151.5 .6C9 10 0.0
€00 25.2 165.0 1) o] 0.0
1190 8.3 169.0 .584 13 0.0
1596 50.9 167.5 «531 20 0.26
2006 63.4 166.5 517 21 0.21
2390 73.6 161.5 521 24 0.19
2818 80.5 150.2 552 286 0.34
3007 82.0 143.0 «5C0 26 0.32
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16.
The horse power has been corrected to standard conditions
of intake temperature and barometric pressure. The power
obtained for head ."o. 4 was consideravly lower than for
the other three due to lsaka~e at the hisher proessures
and other mechanical difficulties. The results obtained
with the first threse hoeads were exactly what miszht be
expected for the increase in conpression ratio used.
The peculiar droop in the torque curve is a charactaris-

tic of this engine and is not due to the water injesction.

To determine the effect of the increcased compress-
ion ratio on the fuel consuption under drivin~ condit-
ions a series of tests wsre made with the engine devslo-
ping just enough power to drive tie automobile on a
snooth level pavement. The results of thess tests are
given in Tahle III and graphically in Fig. 8. There is
a considerable incrcase in tihie miles per czllon of zas-—

cline with the hizher conpression ratios.

All computations of tzst rzzults were nade accord-
ing to the standards of tha Sociesty of Autonctivae

Tnaoineers.
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19.
Tests to Determine the Iffect of "ater Upon the

Operating Charactaristics of the Actual Incine.

To determine the effect of the water in ths enzine
a series of tests were run with wids open throttle and
with varviiy anounts ¢ water. The results of these
tests for 1C0C DRl gre showm in Tahle IV and sous of
the values obtained with a speed of 1000 R.P.ll. ars
shown graphically in I'iz. 9. The results obtained with
the other heads and speeds were similar and it was

thousht unnscessary to tabulate thane.

Orsat analysis of the sxiwaust 7as was taken but the
injection of the water caused variations in the distru-
bution of the fuel to the cylinders to such an extent
that the effect of the water on combustion could not be
deternined. It is douhtfull if the effect would he
sufficient to be noticable as the Orsat appgaratus showed
only a trace of Carbon !'onoxide when thsre was any

excess of Oxyzen present.

Considerable difficulty was exporienced with the

iznition at the hi~her conprescsions. TFinally a new
spark coil was usad and this helped to some extent.
Tor successfull operation it would be necessary to sscure

-

an iznition system desizied for ths compressions used.



Table TIV.
Tffact of 'ater in ths Aztuval Tn-ins.

Cvlindsr 7'2ad 103.1,2,5. Full Throttle.

Lhs. B.lH.P. Lbs. BDelleTePeTharnal Spark Txhaust
Tater Casolino wfft. Settins Tenpsr-
/1v. of /D.H.P. . Dexrsss atuwre.
Gasoline lour. Advarca °F.

1000 R.P.l. fead Io. 1.

0.0 27.8 . 504 8.4 23.1 20 952
0.1C02 27.8 .5C0C 8.4 22.6 20 955
C.258 27.6 614 7.6 22.C 20 955
0.237 27.6 . 724 37,0 18.7 20 o55
0.303 27.6 670 87.0 20,2 20 955
c.381 27.5 672 87.5 20.1 2C 955
0.427 27.5 .679 87.5 19.9 20 G45
0.721 27.3 677 85.8 20.0 23 coo
0.994 27.0 692 85.8 1©.5 25 870
1.172 27.0 657 85.8 19.4 27 &30
1.690 26.5 75 54.2 15.2 30 e2s
1CCO0 n.P.ll. Head Yo. 2.
0.0 3C.2 L5172 5.0 22.1 12 040
0.36C  30.2 612 06.0 21.9 13 e35
0,6¢5 30,0 623 5.4 21.7 15 co0
0.845 2C.6 613 ©4.1 22.0 16 €95
1.1 29.3 638 93.1 21.2 8 860
1.850 27.6 67T c7.8 20.0 2C 805
1000 N.P.'e Head o. 3.
0.0 20.5 613 97.0 22.0 12 60
0.24C  30.3 .656 08.4 20,6 13 oo
0.283  30.0 656 C5.4 20.6 13 o280
0.5¢C 2¢.8 661 4.0 20.4 12 CC5
1235 29.4 666 03.5 2C.3 20 720
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Czlculations to NDetermins the Tfect of ater

upon tha Idezl Otto Cycle.

i

™e nethod of anzlysis for the Otto cyrcle developod
™ -2, " VA -rn q v ot - . 2

1§ 4 chiv L i o s LGS ek oL
by Goodenouzh and Daker in "A Thepod munic MAznliysis of
Internal-Conbustion ™n~ine Crvelaes", Bullstin Mo. 160,
University of Illinois, 1927, was zpplisd to the problsn

v l
of water injection. The asswmuption was made that the
water was in the vapor stzats when it entarad the cylindar.

TN

Thisz was not truc for the nstiod of iiriection ussed In

51

{
i

fiecz the couputation of tha

e

the tests, however it sim
initial conditionse. This assuniption entirely ne~laects
the cffect of the latent hseat of tlie water which would
only cause a lowsrin~ of tia initial tsenperaturs and a
correspondiny decrease ol terparature th?oqgh out th2

+

crcle. Tor aceur=zta reosults this e¢ffict chould not e

[\l

nexlccted Hut for detzrwining the other effects of the

water on tha crrels it is pernissible.

The resuits of the calculations mads in applying
the above analysis are given in Table V and ~raphically
in I'"iz. 1C. A sampls of the corputation and a shor
discussion of the thoory, espncially the adaptation to
this proYvlen, are ~iven in ths Appendix. Subscript (1)
refers to the initial conditions at the bhecinning of

comprassion, (2) to the ziadl of conpression and the



Table V.

Calculated Data.

Yols Vater/t'ol Cas. O 1 3 6 10
Lhs. YWater/Lb. CGas. O <158  .473  .947  1.579
lfeZePs Lbs./sq.in. 180.67 178.20 173.33 166.43 157.73
Tfficiency & 36,17 36.24 36.37 36.55 36.73

tlork Det.u./lf0l Cas 775166 776567 779339 783245 787093

T 621 620 619 618 617

Py 14.7 14.7  14.7  14.7  14.7
T 1055° 1053 1050 1047 1044
Py 124.87 124.83 124.68 124.52 124.37
T 5007 4956 4860 4724 4558
P3 632.57 626.41 613.435 594.82 572.12
X .8239 .8358 .8572 .8832 .9114
y3 .9731 .9749 .9780 .9818 .9858
T, 3683 3634 3543 3416 3262
P4 92.10 90.93 88.61 85.35 81.39
X4 .9792 .9820 .,9863 .9910 .9S49
Y4 «9957 .9961 .9969 .9979 .9967

Mols unburned CO 3 1.456C 1.380 1.201 .983 748

" " CO 4 .175 151 «115 076 L043
" " H2~3 254 .264 «278 « 288 « 285
" " H2 4 .041 .C41 «039 <033 026
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bezinning of combustion, () to the end of constant
volume conbustion, and (4) to thie ond of expansion.
The s:mbols (x) and (y) rafer to the percent of carbon

monoxide and hydrogen burned to carbon dioxide and water.

The results for point (3) at the end of constant
volwe combustion are obtained by the uss of the cquation
for chemical eyquilibriwi. Iron the valuss of X5 and Ny
the amounts of unburnczsd carbon monoxide and hydrozsn
ware calculated. The injection of water dscreases the
anount of the carbon rnioncxide slizshtly dus to ths lowsr
tenperature. The Incre=secd concentration of the water
causzses a slizht incrcase in the unburnsd hydrocen in

spite of the lowasr tanperature. I‘owaver, this is a

very slight slowing up of the coubustion of the hydregen

po)

4

nd can not be Interpeted as a dissocation of the inject:

oo

s very snzll at the tauparvature

e

water. This effect
obtained with the idcal cyels and would Ye so0 snall as
to Le practically nezlizihle at the nmuch lower tempora-

=]

ture found in the actual engine.



- e i




Conclusionse.

The results of these tests and computations ars not
necessarily conclusive but they ssem to indicate that
water is a very cood anti-detcnant and that its effact
is not as conplicated as previously belisved. Tho
effact ssoens to e that of lowerins ths tenperatures
thiroush out the cycle due to its hizh latent hezt and
hish specific heat and a dilution of the fuel chargs.
The lower temperatwe and the diluticn prevent pre-
ignition, detonation, and chenical "crackinz" and causs
a slisht increass In the completness of combustion.

The dilution probably accounts for the decrease in povwer
that we found with increasinzy amounts of water. The
fresdon from carbon deposits ususlly experienced is due
to the prevention of chemnical "crackinz". It is doubt-
full if the water injection would have nuch effect on
carbon deposits previously formade. V. V. Drinkerhoff,
in the raport previously mentioned, zivses the results

of soms tests run for this purposs, however nuch larger
amounts of water were supplied to rsmove the carbon than
ware used for anti-detonation purposes. The power
dsveloped was ~reatly reduced and evan then the renoval

of carhbon was very slow.




27«

It would be of considerable interezt to run a series
of tests on an engins designed for hizh prossurcse.
Preflerably a sinzgle cylinder enjine a3 that would elimi-
nate the distribution difficultiss. A hi~h speed variable
compression enzine of the type used for testing fuels
would be very good for this purpose. A study of cards

taken with a hish speed indicator would also he of value.



28.
Appendix.

The only deviation from the analysis of Coodenough
and Zaker in "A' Thernodynamic Analysis of Internal-
Combustion Tngine Cycles", Dulletin o. 160, University
of Tllinois, 1927, is in the ccmputation of initial
conditions. Goodenou~sh and Daker assume the tenperature
of the residual gas to bhe tihic sane as the tempsrature
at the end of expansion. ITor this investigation the
tenperature aif the residuzl zas has bsan found as sugi-
ested by Professor G. ID. Upton in his discusszion of the
paper "Efficiencies of Otto and Diessl Tnzines"™ by
Elilenwood, Lvans, and Chuwang presented at the 1927
meating of the 0il and Gas Power Division of the Amserican

Society of llechanical Ingineers.

As far as the residual gas is concernsed the action
after thoe opening of the exhaust valve is a continuation
of the adiabatic éxpansion. Of cowrse there is no
usefull work done but the residual gas in expandins is
doing work in pushing the rest of the gas out of the
cylinder. Or thas entire products of combustion can be
considered as expandinz adiabaticly throush an orfice
which in this caszs is the exhaust valve. Tor this reason
the temperature of the residual gsas iz much lower than

the temperature at the oﬁening of the sxhaust valve.



29.
The equation pvlc = constant was applied for dsternm-
ining this temporature as it is much simpler than the
nore accwrate analysis and the error incuwred would have
a nezligilbe effect on the final resulitse The exponent
k was taken as the ratio of the mean specific heats at
constant pressure and constant volume for the particular

tenperature ranze involved.

The following sanmple of the computation shows the
method of handling the injection water. As before stated
the injected water is asswed to be in a vapor state

when taken into the ensine.

T'or a complete discussion of this theory and method

of analysls c&%ult the bulloetin mentfoned ahove.



>Ce

Sample Computation for ‘'ater Injection.

Otto Cycila. Ixpansion to Suction Volune.
1. Coupression "atio = %c= 5. Heat Lossas : I'one.

Fucl : CgHjg (Casoline) with 1007 theoretical air.

Suction Pressure = TIxhaust Praessure = 14.7 1b./sq.in.

C H,, #°12.5 02* 47.25 Uz ¥+ n H,O=

818

2
8 CO, + (9 + n) Hy0 + 47.25 Y.

Fuel lixtwre, llols. Products liixtwe, lols.
CoHyg = 1.00 8. Co, = £.C0

o = 12.5C 9. H20 é ¢.CO + n

HZO = n 10. Uz = 47.25

N = 47.25 11. n, = 64.25 ¥ n

ny f 6C.75 + n

l'olar Specific leat Iquations:
- TN 7 = O '_3
)/p(CaHlB) )O')27 + /L.O x 1C T.
Xp(o2 'r\'2 CO) = 6093 + 0.0 X 10-’-:’ '1‘ + 0'12 X 16"0!1\2.
9 - ‘

= 7,15 Y x 10-3 T - 0.60 x 10-% T2,

¥
i
L]

0

"p(co,)

Xb(Hzo) = 8.33 = 0.276 x 1072 T +.,423 x 10-6 T2,

-

(3) x (12) = 35,327 +-35.00 x 10=° T.
((4)+ (61) x (13) = 414.C675 + 7.17 x 10-5 T2,

(s) x (15)

= z
n(8.33 = 0.276 x 1077 T CA23 x 10"Ta.

, _ (16) + (17) + (10)
p(Tuel Mixturs) (7) |




24.

26.

31.

(8) x (14) = 57.2 +31.2 x 10-2 T - 4.C x 10-9 T2,
(¢) x (15) = (92.20 + n)(8.33 = 0.276 x 1272 T
+.423 x 10-6 T?),

(12) x (13) = 327.4425 + 5.67C x 10-6 72,
_ (20 + (21) +-(22).

Yo(Products Mixturs) (11)
Let n = 10 then:
f(10) = 7.5717 # .4961 x 1077 T + .1611 x 107° 72,

7.3120 + .3495 x 102 T + .1200 x 10-0 T2,

Tenperature of Fuel llixture = 520°
Assume: Tq = 600° Ty = 3270°  pyg = 62 1b./sq.in.

Let k = 1.28 then:
028

{g4 7}1 28 x 3270 = 2250°

Mean Temperature between 4 and 5 = 2760°
Y (for 276C°) = 9.1010

vp (for 2760°) = 7.2055

= 9.1910 = 1,076
. 7.2055

’ 276
= 3270 x t14 7’1757%' = 2250°

) for 1425° = §.C539

Y

k

T

Vo = (19) for 560° = 7.9011
J (2

G= %%2% = 1.0193




27.

Couputation of Tnitial Conditions.

Lét T = 6C0 610

rTs 158.75 16.44

Ty

(27) -1 17.75 17.44

T, - Ty co o0

(20) x (26) 21.02 16.57
(30)

By Graphical Intsrpolation:

Ty = 617° 2L = 17.24
Cc
_ 70.75 _ -
o = .54 T 4100

Composition of Teszidual Gas, liols.

4.1020
47.25 X 74,25 = 2.012

a
n

CCHIG = 1.C00

H
—
()
L]
O
A
[

0
“~

"
N
)
L ]
o)
(XN
N

S
o)

" 1
~J | o
> N
L] L )
[©)

1 O
W~ O

n 1

2.



Py

The Adiabatic Conpression

Tet To, = 1330 C4C 1050 T, = 017

ﬂ(vz,ozi 34,7690 74.4100  34.4666  31.7940
g(con) 39.5300  38.6127  39.0540  25.4766
g(11,0) 43.9576  44.0205  44.0029  40.6761

A
™

. BlCgHy,)  291.2575 291.9007  202.7164  2556.92¢5
220 ((35) +(2Q)

X¢(?2,O2) 2143.3196 2146.3753 2149.40051 19C2.7374

40. (33)1x@(C0O5) 17.4723  17.5C008  17.5451  15.6807
41, (34) =810 405.7315 4C6.4265  4867.116C  442.4709
ng=(30) + (o) +

~

(4C) *+ (41) 2037.7809 2042.2903 2946.7836 27C4.828

N

n@(T2)-(ng(T1) 232.9524 237.4708 241.9551 =mmmemeee

4571 x (37) x lozjp5 = 239.1579

Dy Graphical Intsrpolation:

42. T, = 1044°

2
1) 2 A
43' p2 - (J. x;‘ ) X ( 2) = 1240;7 l‘Oo/Sq.ino
1
44, = 8.,46C3 Atrosphares.
14T 37) x 154 oy
45, v, = nynTp _ (37) x 1544 x (42) = 6,737 cu. ft.

P, (43) x 144



47.

S5C.

Ch A\, |
O v
. .

(@)
()
L]

Tha Conmistion Processe.

Tquilibrium (‘ixture of C=zs, lMols.

6 = 3.442(1 -

1,0 = 20,850y

"> = 2C.858(1 -

Ts = 40,754

O, = 14.245

na = ¢2 OC’O - 4.
Ny = C.442. 4C.

Aup (1044 to
Au,%
A,
. 20
(51) x (52)

2(48) x (53)

51.

T )

3/2 (47) x (53

(42) x (34)
(47) x (55)

(45) x (56)

x)

No = 2T.253

. ' "
I'I.L'ﬁl’ls +n

n1’t co =1,<2

1,500,¢14

207,387

“\
|5

251,872
406,273
521,675

641,030

P

Ve P
- 40221:{ - 130\??‘33'

7
J
490 n" -
52

72655

., N .=73.254.

= 103,345.

5,201, nplf,=2,072,867.






6S,

-

70.

T4,

(5¢) = (61) + ny7q
(s7)+(5C)+245,0C2

nolgg'( ¢)-(52)+(s5¢e)2
- (63)
&~ 165
y = (64)
. (65)
c = Kp(water cas)
c(h-1)

c(b=-1)=-(a+b)
(66)2
2a(c-1)

2b x 2ale-1)
(67) * (69)

(70)

'z 'elne x=dna
n ng'=inyx=ingy

loz (1-x)

(37) x (42)
(44)

*loz

©566,17C

2,853,108

2044
4725
1.3854
6.671C
2.6377
7698
«5925
53521
14.9562
15.5408
3.9432

4.7120

14.246
573119
C.8235

« 7106

965,756

2,007,071

3 2,041,651

e 4730
1.4141
6.7744
2.8053
.0182
«C431
5.4626
15.4403

15.2¢24

15.95¢1

17.1C077



5.

-3

7T

78.

D(x, ) = loz x
-loz(1l-x) - loz ny'

1o (37) x (42)

Laome
(44)
tloz T) 1.82661
1oz Kp(co) 1.35650
L(T) = %loz Tz +
loz Kp(co) 3.21320

Dy Graphical Interpolation:

T3 = 4558°
X = .S1l14
) .

vz = .9858
2

n. =

3 02.6C0 - 4221x - 10.025y = 70.07C4.

> » njTo

ngT=
p —6-'482' = 57201227 lbo/sq.in. -

5.10480
.52001

1.22227

=

S e

389230

€189 Atn.




-

o)

P

The Rxpansion Process.

Let T4 e 2270° then K

Let X4 =

cX

cx ¥+ (1-3)

74 T ox # (1-%)

ng'

inix

TNy

e

,
zlog n,'

lo7 x

log (1-x

ngTzr
P>

D(x,y) = log

2log

- loz (l-x)=%1oz ng'
n,T

+%log a3

Lat T4 =

log Kp(CO)
L(T) = 2log T

+loz K,(CO)

'sn 'edna X=Tna Y
ng'=ng'=In|x-Iinsy

plwater gas) =
0S4 .606
$.0C43 3.9923
3.0083 38963
«00C5 . 0890
14,246 14.246
4.105%7 4,2C41
10.C100 1C.C150
. 2433 L0268
1.3c286 T.214C8

2.25224

—
.

~J
‘A
Ch
O\
)

5.58223
5.34C04



€3.

84.

€8.

2.

Ty

By Intcrpolation x

c =
p.
cx

cx #+ (1-x)

(water zas)

_ cX
7% cx 4+ (1-x)
T, 2260
Hp(cm) 11¢,7C9
ny (1-x) 1.5520
‘-'—ﬁf-—z :
NG , 107,227
112(1'-1"3/)"12 .C502
Prigtr.  40.6486
¢c@2 51.3103
¢H20 52.6761
P x (48) 2026.4216
Poo,x(47) 433.1016
¢HZOX(4“) 1056.1558
loz x 1.99778
nllog X -.01274
log vy 1.0¢044
nplog y  =-.01123
log r 693597
nplog r 54.76710
(86)+(c7)
-(ce)

3270
119,776
1.63C9

107,341
40,6597
51.3457

52.7C66

4335.46C4

1C56.7673

)
L]
o)
\N
3
O\
Ao}

!
L ]
O
-

0
A\ }
@]

)
L]
D
N
v
o
e

-.01123
69897

54.,76710

32C0
119,763
1.6853
107,245
.1E5
40,5787

51.3C11

N

4635,
1174.639

1.05971

=~54,7C707 =54,79783 =54.79959 -.48464

552

5




90.

c
[

°

+(cs5) - (90) 3768

1.

Ty

326C 3270 3280 T3 = 4558

4,571(89) =250,4774 =250.4809 =250,4C59 -2.1239
(c1)+ (e2)

+(c3) + (c4)

w. uw. w.

",

3770.5771 2772.56C2 375€.9694

(3]
L ]

O\
N
N
O\

1.5877 535700 ecemmee———-—

\A

!

L]
A%
A\
N
[©)

v Graphical Tntsrpolation:

O = 4,221x = 10.C25y = 73.3C085.
2

)Tl - 81.)/ 10./Sq.4.n.

ng X 1544 x T4 33,5685 cu. ft.

144 x P4 -



\D \D 0 0
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O\
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7ork Done Turing the Cycls.

T = 617° T = 3262°
I'y(Cgrye) @b T1 T 2,147,414
5,C1¢

nl(l-:{) HV(CO) at T4

n~(1-y)y 1) at Ty = 2,713

York = (S2) = (33) - (94) - (95) = (96) - (97)
Tork = 787,023 B.t.ue per liol of CGascline.
Efficiency of the Cycls.

- 787,093 x 100 = S/ moos o
Tff. = ot = 36.7286 7.
wrL 2,143,000 SO D
liean Tiffective Pressure.
Vy= V5 = 26,948 cu. ft. Displacement.

_-Work x J _ 787.003 x 777.64

----- Pinise-==-

40.

1h/5q.in.
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